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Abstract 
A 2-year study conducted to determine the effect of integrated nutrient management on yield and quality of 
basmati rice varieties in non-traditional area with 54 plots in split plot design. Variety HUBR 10-9 produced 
18.8% higher mean grain yield and superior quality parameters than HUBR 2-1. Mean milling, head rice 
recovery, amylose content and alkali digestion value noted higher with HUBR 10-9 by 4.1%, 4.1%, 8.5% and 
15.1% over HUBR 2-1, respectively. Addition of 75% recommended dose of fertilizers with 25% recommended 
dose of nitrogen as farmyard manure produced higher mean values by 3.1%, 4.2% and 4.0% for hulling, milling 
and head rice recovery respectively over 100% recommended dose applied as inorganic sources. Combined use 
of bio-inoculants (blue green algae plus Azospirillum) exhibited higher values for yield and quality parameters. 
HUBR 10-9 be grown using 75% recommended dose of fertilizers with 25% nitrogen as farmyard manure and 
blue green algae plus Azospirillum for enhancement in yield and quality in non-traditional areas of eastern Uttar 
Pradesh. Further investigation required under diverse conditions. 
Keywords: basmati rice, bio-inoculants, nitrogen management, quality parameters 

1. Introduction 
Rice (Oryza sativa L.) is the second most important food crop for more than half of the world population, 
provides carbohydrates, proteins, vitamins and is an important source of nutrients due to its every day 
consumption (Heinemann, Fagundes, Pinto, Penteado, & Lanfer-Marquez, 2005). Basmati is a globally reputed 
aromatic group of rice, having pleasant aroma, superfine grain with extensive kernel elongation and soft texture 
of cooked rice (Juliano, 1972). Basmati rice cultivation is traditionally practiced on north and north-western 
regions of the Indian sub-continent with best quality rice’s produced on both sides of Indus River. Popular 
basmati rice varieties traditionally grown namely Basmati 370, Basmati 386 and Taraori Basmati are low yielder, 
tall in stature and lodge at higher levels of inorganic fertilizers. Growing of these cultivars in non-traditional 
areas causes reduction in grain size and aroma with enhanced breakage. Recently released Basmati varieties 
namely HUBR 2-1 (non-traditional areas) and HUBR 10-9 (basmati geographical indication areas) are 
recommended for cultivation in India can address poor yield and quality associated problems. High yield 
potential and quality advantage of these varieties over traditional one may open new avenues for the export of 
high quality rice (Singh, Jaiswal, & Madhavilatha, 2006). Climatic limitations restrict cultivation of basmati rice 
in non-traditional areas because of inferior quality and are a major constraint. Temperature plays vital role on 
grain quality in non-traditional areas. From flowering to maturity, temperature range of 25 °C to 32 °C with 
relatively cooler nights (20-25 °C) and moderate humidity are indispensable for the development of proper grain 
and aroma. Higher temperature during grain filling affects the yield and amylose content of basmati rice (Ahmed 
et al., 2015). Physico-chemical and cooking characteristics of rice varieties show significant variations, mainly 
due to their genetic constitution. Genotypic factor is considered as most prominent which determines the plant 
response to different soil conditions and other external factors (Chandel et al., 2010). 

Nutrient management in rice is of pivotal importance to achieve sustainability in production. Imbalanced 
fertilizer use results stagnant yields and deteriorated soil health (Surekha, Rao, Shobha Rani, Latha, & Kumar, 
2013). Unavailability of chemical fertilizers and their escalating cost creating problem. Hence, reduction in the 
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dose of chemical fertilizers and enhanced use of organic inputs like farmyard manure and biofertilizers may 
improve soil health, productivity and profitability of rice (Singh, Kumar, & Pal, 2008). Biofertilizers and organic 
sources are cheap, eco-friendly and supply nutrients (both macro and micro) to the crop for prolonged period. 
Farmyard manure acts as a soil conditioner improves physical, chemical and biological properties of the soil and 
provides congenial conditions for the growth of microbial populations. Hence, profuse root growth and greater 
nutrient accumulation results in better yield and grain quality (Adhikari, Mishra, & Mishra, 2005). Nitrogen is 
most important nutrient; varying organic and inorganic nitrogen sources have significant influence and crucial 
role on grain quality. Integrated nutrient management including biofertilizers, organic and chemical sources may 
improve productivity and the grain quality. Biofertilizers alone or in combinations with organic manures improve 
the quality parameters of scented rice (Dixit & Gupta, 2000; Quyen & Sharma, 2003). Head rice recovery and 
alkali value of scented rice varieties improved due to application of farmyard manure (Pandey, Sarawgi, Rastogi, 
& Tripathi, 1999). Lower doses of organic manures improved the quality parameters like hulling, milling and 
head rice recovery than higher doses (Saha et al., 2007). Milling, head rice recovery, kernel length and length: 
breadth ratio after cooking of rice significantly improved when organic manures applied in combination with 
inorganic (Pandey et al., 1999; Quyen & Sharma, 2003; Srivastava, Srivastava, Singh, & Shrivastava, 2009). 
Blue green algae (BGA) and Azospirillum may be utilized successfully in wetland rice to supplement part of 
nitrogen requirement with ecological and economic significance.  

Keeping in view the above facts an investigation was conducted in non-traditional area of north eastern plains of 
eastern Uttar Pradesh. We assessed the response of basmati varieties to integrated nutrient management to 
ascertain equivalent productivity as with sole use of inorganic sources. Therefore, the objective of present study 
was to determine the effects of integrated nutrient management on yield potential and quality of the basmati 
varieties in non-traditional areas. 

2. Material and Methods 
2.1 Experimental Site 

A field investigation was carried out during rainy seasons of 2014 and 2015 at Agricultural Research Farm, 
Banaras Hindu University, Varanasi (25°32′ N, 82°97′ E, a sub-tropical semi-arid climate, at an elevation of 86 m 
above the mean sea level). Rainfall was 764.6 mm and 871.5 mm in 2014 and 2015, respectively annually 
coupled with 29.1 °C and 28.6 °C during the cropping. Soil of the experimental site was Cambisols with pH of 
7.33, EC of 0.40, soil organic carbon of 0.44%, 225.79 kg ha-1 available nitrogen (N), 20.96 kg ha-1 available 
phosphorus (P) and 180.77 kg ha-1 available potassium (K). Prior to experimental crops, composite soil samples 
were drawn randomly (0-30 cm) from 10 places, dried and passed through 2.0 mm sieve and subjected to 
chemical analyses.  

2.2 Experimental Description 

Experiment was laid out in split plot design replicated thrice; comprising of two varieties: HUBR 2-1 (V1); 
HUBR 10-9 (V2) and three fertility levels: 100% recommended dose of fertilizer (RDF) [N1]; 75% RDF + 25% 
recommended dose of nitrogen (RDN) as FYM [N2]; 50% RDF + 50% RDN as FYM [N3] in main plots and 
three bio-inoculants: BGA (B1); Azospirillum (B2); BGA + Azospirillum (B3) in sub plots. The experimental area 
was ploughed twice with tractor drawn cultivator, planked and puddle twice with rotovator in about 10 cm 
standing water. Thereafter, 4.2 m long and 4.0 m wide plots were laid out followed by transplanting of seedlings 
as per plan. RDF used was 120 kg N ha-1, 60 kg P2O5 ha-1 and 60 kg K2O ha-1. FYM (0.51% N) was used to 
supply 25% (6 t ha-1) and 50% (12 t ha-1) of the RDN applied three days before transplanting. Blue green algae 
applied at the rate of 10 kg ha-1 on 10th day after transplanting. Azospirillum brasilense mother culture was 
diluted 10 times and kept in the growth chamber for 3-4 days. Inoculants suspension was prepared using water in 
the ratio of 1:10; roots of rice seedlings were dipped in liquid Azospirillum for 30 minutes and transplanted 
immediately in respective plots. The recommended dose of N was supplied in form of inorganic fertilizer and/or 
FYM. Half of the N and total P and K were applied at transplanting and remaining half N was top dressed in two 
equal splits at active tillering and panicle initiation stages. All the treatments were applied to their respective 
plots as per scheduled plan. Sources of fertilizers were urea (46% N), diammonium phosphate (18% N, 46% 
P2O5) and muriate of potash (60% K2O). A seed rate of 30 kg ha-1 was adopted to raise nursery on 20th and 22nd 

June during 2014 and 2015, respectively. Two seedlings per hill transplanted at spacing of 20 × 15 cm on 19th 

July and 21st July during first and second year, respectively. HUBR 2-1 was harvested at 130 days after sowing 
while HUBR 10-9 a week later (137 days) from an area of 10.56 m2. 
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2.3 Yield 

Produce of each net plot was threshed separately and grains thus obtained were winnowed, cleaned and weighed. 
Harvested grains contained 14 per cent moisture measured by moisture meter. Straw yield measured by 
subtracting grain yield from total biological yield and expressed in q ha-1. 

2.4 Grain Quality Evaluation  

To assess quality characters, 100 g sample of rough rice (paddy) from each plot used. Rough rice samples were 
dehusked to produce brown rice with Satake THU-35A laboratory rice sheller (comprises of rubber roll, rotates 
at 1900 rpm and an identical rubber roll which rotates at 1000 rpm in a counter rotation). As the kernels pass 
through the gap between the rolls, the rubber rolls impart a shearing and frictional force to kernels; hulls were 
dislodged by suction fan (Siebenmorgen, Jia, Qin, & Schluterman, 2006). Brown rice was milled in Kett T-2 rice 
polisher for 30 seconds to obtain milled rice and expressed as hulling and milling percentage (Khush, Paule, & 
Dela Cruz, 1979). Kernels with length greater than or equal to three-fourth of its total length were considered as 
head rice and expressed as head rice recovery (Zhou et al., 2015). Ten head rice grains from each plot were lined 
up length and breadth wise on graph paper to measure the kernel length and breadth before cooking. Afterwards 
these rice kernels were pre-soaked for 15 minutes in 20 ml distilled water and heated to 98°C for 10 minutes. 
Thereafter, length and breadth of cooked kernels were measured on graph paper. Elongation ratio was computed 
by dividing the cumulative length of 10 cooked kernels by respective length of raw kernels (Juliano & Perez, 
1984).  

N content was estimated by Kjeldahl procedure (Jackson, 1973) and grain protein content was calculated by 
multiplying N content with 6.25 (AOAC, 1990). Protein yield was determined by multiplying the protein content 
with their respective yield. Twenty whole grain (milled rice) samples were oven dried at 60 °C and ground in a 
cyclone Mill and starch solution is prepared. Amylose content was determined using the simplified automated 
iodine-colorimetric procedure and absorbance of the starch solution was measured at 620 mu with 
spectrophotometer (Juliano, 1971). Alkali digestion test was performed and starchy endosperm is rated visually 
based on 7-point numerical spreading scale (Dela Cruz & Khush, 2000). 

2.5 Statistical Analysis 

Analysis of variance (ANOVA) was performed as described for the split plot design (Gomez & Gomez, 1984) 
using statistical package SPSS software (version 23.0; IBM Corp.; Armonk, NY, USA), and means between 
treatments were compared with the least significant difference (LSD) test (p < 0.05). All graphs were prepared in 
excel and mean values are reported with standard error of means. 

3. Results and Discussion 
3.1 Yield 

Yield of basmati rice varieties varied significantly with fertility levels and bio-inoculants during both the years 
(Table 1). Variety HUBR 10-9 registered 18.8% higher mean grain yield than HUBR 2-1. Yield (grain and straw) 
enhancement with HUBR 10-9 was due to improvement in growth parameters, yield components, translocation 
of photosynthates from source to sink and genetic makeup of genotype. Variations in yields of cultivars were 
also reported (Gautam, Kumar, Shivay, & Mishra, 2008). Improved yields with integrated nutrient management 
(N2) were due to instantaneous and rapid supply of nutrients through chemical fertilizers and steady supply 
through mineralization of FYM for prolonged period. Organics along with chemical fertilizers perhaps 
minimised the N loss and increased availability throughout the crop growth period through formation of 
organic-mineral complexes (Yaduvanshi, 2003). Similar results on rice yields were reported due to integrated 
application of chemical fertilizer and organic manures (Singh, Pandey, Nanda, & Gupta, 2018; Tang et al., 2018). 
Bio-inoculants followed the order of B3, B1 and B2 (Table 1). However, combined application (B3) increased the 
mean grain yield by 4.0% and 7.2% than B1 and B2, respectively. Increment in yield by combined application of 
bio-inoculants could be attributed to their synergistic effect (Nanda, Sravan, A. Singh, & S. P. Singh, 2016). 
BGA facilitated efficient nitrogen utilization and released synthesised nitrogenous compounds either by 
decomposition of the cells or by excretion (Nayak, Prasanna, Pabby, Dominic, & Singh, 2004). Release of 
growth promoting substances from Azospirillum enhanced the root growth and its surface area and improved 
accessibility for mineral absorption (Murthy & Ladha, 1988). 
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Table 1. Effect of varieties, fertility levels and bio-inoculants on grain yield, straw yield, hulling, milling and 
head rice recovery of rice 

 Treatments Grain yield (q ha-1) Straw yield (q ha-1) Hulling (%) Milling (%) Head rice recovery (%)

2014 Varieties      

V1 47.82±0.85b* 72.74±0.95b 70.70±0.45b 61.48±0.58b 52.28±0.43b 

V2 57.16±0.85a 82.02±0.95a 73.42±0.45a 64.04±0.58a 54.34±0.43a 

Fertility levels      

N1 52.39±1.04b 76.44±1.16ab 71.09±0.56b 61.31±0.71b 52.07±0.52b 

N2 56.17±1.04a 80.08±1.16a 73.37±0.56a 64.20±0.71a 54.26±0.52a 

N3 48.92±1.04c 75.63±1.16b 71.71±0.56ab 62.75±0.71ab 53.59±0.52ab 

Bio-inoculants      

B1 52.13±0.83ab 77.71±0.94ab 71.69±0.47ab 62.60±0.46ab 53.19±0.45ab 

B2 51.06±0.83b 75.11±0.94b 71.43±0.47b 61.98±0.46b 52.54±0.45b 

B3 54.29±0.83a 79.32±0.94a 73.07±0.47a 63.69±0.46a 54.20±0.45a 

2015 Varieties      

V1 50.39±1.06b 77.10±1.15b 72.11±0.36b 63.44±0.43b 53.61±0.39b 

V2 59.55±1.06a 86.48±1.15a 75.04±0.36a 65.96±0.43a 55.88±0.39a 

Fertility levels      

N1 54.97±1.30b 81.61±1.41ab 72.54±0.44b 63.58±0.53b 53.84±0.48b 

N2 59.18±1.30a 84.75±1.41a 74.73±0.44a 65.85±0.53a 55.87±0.48a 

N3 50.76±1.30c 79.00±1.41b 73.45±0.44b 64.66±0.53ab 54.51±0.48b 

Bio-inoculants      

B1 54.92±1.06ab 81.95±1.08ab 73.51±0.29ab 64.58±0.37ab 54.65±0.35ab 

B2 52.87±1.06b 79.20±1.08b 73.03±0.29b 63.98±0.37b 54.09±0.35b 

B3 57.13±1.06a 84.21±1.08a 74.18±0.29a 65.53±0.37a 55.49±0.35a 

Note. *Mean values±SE. Mean values with different superscript letters denote significant difference (p < 0.05). 
V1 = HUBR 2-1; V2 = HUBR 10-9; N1 = 100% RDF; N2 = 75% RDF + 25% RDN as FYM; N3 = 50% RDF + 
50% RDN as FYM; B1 = BGA; B2 = Azospirillum; B3 = BGA + Azospirillum. 

 

3.2 Hulling, Milling and Head Rice Recovery 

Grain quality traits are economically important particularly for basmati genotypes. The issue of grain quality 
inheritance is more complex and the quality traits are governed by several (major and minor) quantitative trait 
loci (QTLs). Hulling, milling and head rice recovery of varieties distinctly varied with fertility levels and 
bio-inoculants in both years (Table 1). HUBR 10-9 produced significantly greater hulling, milling and head rice 
recovery compared to HUBR 2-1 during 2014 and 2015, respectively. Improvement in milled rice noted to the 
extent of 4.1% by HUBR 10-9 over HUBR 2-1. Variation in quality parameters depends on the grain type, 
variety, cultural practices and temperature during grain filling to maturity stage and drying condition (Dela Cruz, 
Kumar, Kaushik, & Khush, 1989; Binodh, Kalaiyarasi, Thiyagarajan, & Manonmani, 2006; Gautam et al., 2008). 
Head rice recovery is a genetic trait but environmental factors and post harvest handling play vital role and 
persuade the grain breakage during milling (Fan, Siebenmorgen, & Yang, 2000). Similar findings on quality 
parameters were reported (Ghosh, Mandal, Mandal, Lodh, & Dash, 2004).  

Integrated nutrient management (N2) recorded maximum values for quality characters (Table 1). Application of 
entire nutrients as inorganic source (N1) exhibited 4.2% lower milling than N2. FYM supplied macro and micro 
nutrients in optimum quantities, resulted enhanced quality. Quality parameters improved with combined use of 
organic and inorganic nutrient sources (Dixit & Gupta, 2000), incorporation of FYM significantly increased the 
hulling per cent in rice (Prakash, Bhadoria, & Rakshit, 2002). Maximum improvement in hulling, milling and 
head rice recovery occurred by BGA + Azospirillum (B3) was due to enhanced availability of nitrogen for longer 
duration. Bio-inoculants when interacted with organic and inorganic fertilizer sources supplied nitrogen 
consistently and showed marked improvement. Differences in hulling, milling and head rice recovery with 
bio-inoculants were also reported (Quyen & Sharma, 2003; Davari & Sharma, 2010). 

The interaction effect between varieties and fertility levels (V × N) was found significant during both the years 
for hulling (Figures 1A and 1B), milling (Figures 1C and 1D) and head rice recovery (Figures 1E and 1F). 
Optimum nutrient supply with integrated nutrient management treatments (N2 and N3) result improved quality 
parameters by HUBR 10-9 than HUBR 2-1 due to genetic constitution and exploitation of its higher yield 



jas.ccsenet.

potential. L
improved 
Interaction
(Figures 2
HUBR 10
resulted in
(Figure 3A
combined 
period resu
Sharma, 20

 

Figure 1.
during 2
recovery
HUBR 

 

org 

Longer sunshi
the quality. Th

n effect found
2A and 2B). Al
-9. Production

n better quality
A). Integration

use of inorga
ulted better qu
015). 

 Interaction of
2015 (p < 0.01)
y during 2014 (
10-9; N1 = 100

ine hours durin
he results are 
d significant b
lone use of BG

n of higher alg
y. Fertility leve
n of 75% RD
anic, organic 
uality. Similar

f varieties and 
); (C) milling d
(p < 0.01); (F)
0% RDF; N2 =

vertica

Journal of A

ng grain filling
in accordance 
between varie
GA or combin

gal biomass and
els and bio-ino

DF plus 25% 
and bio-inocu

r results repor

fertility levels
during 2014 (p
) head rice reco
= 75% RDF + 2
al bars represen

Agricultural Sci

97 

g resulted bett
with Perez, Ju

eties and bio-
ned application
d availability o
oculants intera
RDN as FYM

ulants maintain
rted by other w

s (V × N) for (A
p < 0.05); (D) 
overy during 2
25% RDN as F
nt±standard er

ience

ter translocatio
uliano, Liboon
inoculants for

n (BGA and Az
of nitrogen fro
acted significa

M with bio-ino
ned nutrients 
workers (Dava

A) hulling dur
milling during

2015 (p < 0.05)
FYM; N3 = 50
rror of the mea

on of photosyn
n, Alcantara, &
r hulling duri
zospirillum) im
om its decomp
antly for hullin
oculants enhan
supply throug

ari & Sharma,

ring 2014 (p < 
g 2015 (p < 0.0
) of rice; V1 = 

0% RDF + 50%
an 

Vol. 11, No. 5;

nthates to sink
& Cassman (1
ing both the y
mproved hullin
position might 
ng during first
nced hulling 
ghout crop gr
, 2010; Hargil

0.05); (B) hull
01); (E) head r
HUBR 2-1; V

% RDN as FYM

2019 

k thus 
996). 
years 
ng of 
have 
year 

since 
rowth 
as & 

 
ling 
ice 

V2 = 
M; 



jas.ccsenet.

Figure 2.
during 2

RDN 

Figure 3
alkali d

HUBR 2

 

3.3 Kernel

Kernel len
Such diffe
10-9 exhib
More elon
ratio is pre
length, bre
environme

 

org 

 Interaction of
2015 (p < 0.05
as FYM; N3 =

3. Interaction o
igestion value 

2-1; V2 = HUB
R

l Length, Bread

ngth and breadt
erences in kern
bited 5.6% an
ngation withou
eferred (Hossa
eadth before a
ent governs the

f varieties and 
5) of rice; V1 =
= 50% RDF + 

of fertility leve
during 2014 (

BR 10-9; N1 = 1
RDN as FYM

dth Before and

th before and a
nel and cooking
nd 17.6% great
ut increase in g
ain, Singh, & Z
and after cooki
e rice cooking 

Journal of A

bio-inoculants
= HUBR 2-1; V
50% RDN as F

els and bio-ino
(p < 0.05); (C) 
100% RDF; N
; vertical bars 

d After Cookin

after cooking w
g characteristic
ter elongation
girth is conside
Zaman, 2009). 
ing, and elong
quality traits (

Agricultural Sci

98 

s (V × B) for (A
V2 = HUBR 10
FYM; vertical 

 

culants (N × B
alkali digestio

N2 = 75% RDF 
represent±stan

g and Elongat

were significan
cs among vari

n ratio than HU
ered desirable
Fertility level

gation ratio (Ta
(He et al., 1999

ience

A) hulling dur
0-9; N1 = 100%

bars represent

B) for (A) hulli
on value during
+ 25% RDN a

ndard error of t

tion Ratio 

ntly greater wi
eties are obvio
UBR 2-1 duri
 cooking qual
s and bio-inoc
able 2). The in
9). 

ring 2014 (p < 
% RDF; N2 = 7
t±standard erro

ing during 201
g 2015 (p < 0.
as FYM; N3 = 
the mean 

ith variety HU
ous (Gautam e
ing 2014 and 
ity trait hence

culants could n
nteraction betw

Vol. 11, No. 5;

0.01); (B) hul
75% RDF + 25
or of the mean

14 (p < 0.05); (
05) of rice; V1

50% RDF + 5

UBR 10-9 (Tab
t al., 2008). H
2015, respecti
, higher elong

not influence k
ween genotype

2019 

 
ling 
% 

n 

 
(B) 
 = 
0% 

le 2). 
UBR 
ively. 
ation 

kernel 
e and 



jas.ccsenet.org Journal of Agricultural Science Vol. 11, No. 5; 2019 

99 

Table 2. Effect of varieties, fertility levels and bio-inoculants on kernel length before cooking (KLBC), kernel 
breadth before cooking (KBBC), kernel length after cooking (KLAC), kernel breadth after cooking (KBAC) and 
elongation ratio (ER) of rice 

 Treatments KLBC (mm) KBBC (mm) KLAC (mm) KBAC (mm) ER 

2014 Varieties      

V1 6.51±0.04b* 1.85±0.01b 10.33±0.16b 2.82±0.02b 1.59±0.02b 

V2 6.73±0.04a 1.91±0.01a 11.30±0.16a 2.92±0.02a 1.68±0.02a 

Fertility levels      

N1 6.61±0.05a 1.88±0.02a 10.76±0.19a 2.88±0.03a 1.63±0.03a 

N2 6.67±0.05a 1.89±0.02a 10.97±0.19a 2.91±0.03a 1.65±0.03a 

N3 6.58±0.05a 1.87±0.02a 10.70±0.19a 2.84±0.03a 1.63±0.03a 

Bio-inoculants      

B1 6.61±0.04a 1.88±0.01a 10.79±0.13a 2.87±0.02a 1.63±0.02a 

B2 6.56±0.04a 1.87±0.01a 10.64±0.13a 2.83±0.02a 1.62±0.02a 

B3 6.58±0.04a 1.89±0.01a 11.01±0.13a 2.92±0.02a 1.65±0.02a 

2015 Varieties      

V1 6.97±0.04b 1.90±0.01b 11.09±0.07b 2.96±0.01b 1.59±0.01b 

V2 7.17±0.04a 1.94±0.01a 13.39±0.07a 3.51±0.01a 1.87±0.01a 

Fertility levels      

N1 7.07±0.04a 1.92±0.01a 12.24±0.08a 3.25±0.02a 1.73±0.01a 

N2 7.11±0.04a 1.93±0.01a 12.35±0.08a 3.25±0.02a 1.73±0.01a 

N3 7.02±0.04a 1.91±0.01a 12.13±0.08a 3.20±0.02a 1.73±0.01a 

Bio-inoculants      

B1 7.07±0.03a 1.92±0.01a 12.24±0.07a 3.24±0.03a 1.73±0.01a 

B2 7.03±0.03a 1.91±0.01a 12.14±0.07a 3.21±0.03a 1.73±0.01a 

B3 7.11±0.03a 1.93±0.01a 12.34±0.07a 3.25±0.03a 1.73±0.01a 

Note. *Mean values±SE. Mean values with different superscript letters denote significant difference (p < 0.05). 
V1 = HUBR 2-1; V2 = HUBR 10-9; N1 = 100% RDF; N2 = 75% RDF + 25% RDN as FYM; N3 = 50% RDF + 
50% RDN as FYM; B1 = BGA; B2 = Azospirillum; B3 = BGA + Azospirillum. 

 

3.4 Protein Content and Yield  

In spite of advanced approaches used for enhancement in the rice grain nutritional traits, so far little success 
achieved due to complex inheritance. Protein content is influenced largely due to effect of environment 
(Mahender, Anandan, Pradhan, & Pandit, 2016). Grain protein content and yield of basmati rice varieties differed 
significantly due to varied fertility levels and bio-inoculants (Table 3). HUBR 2-1 showed higher protein content 
over HUBR 10-9 because of more N content in grain. Higher protein yield noted by HUBR 10-9 that is 12.2% 
and 11.9% over HUBR 2-1 during first and second year, respectively due to better grain yield. Similar 
differences in protein content of cultivars were also noted (Ghosh et al., 2004; Chandel et al., 2010; Neupane, 
Singh, & Sravan, 2017). Fertility levels followed the order N2 > N1 > N3 for protein content and yield during 
both years (Table 3). Higher protein content and yield with N2 might be due to continuous N supply and its 
efficient translocation to grain; greater nitrogen content in grain customized the proportion of grain constituents 
(S. K. Yadav, Y. Singh, Kumar, M. K. Yadav, & K. Singh, 2013). Combined application (B3) improved protein 
content and yield than B1 and B2 in both the years. Synergistic effect of bio-inoculants caused consistent release 
of nitrogen through decomposition of the cells (Nayak et al., 2004). Similar response of nitrogen fertilizer and 
bio-fertilizers for protein content was also noted (Hemalatha, Thirumurugan, & Balasubramanian, 1999; Hargilas 
& Sharma, 2015). 
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Table 3. Effect of varieties, fertility levels and bio-inoculants on grain protein content (GPC), protein yield (PY), 
amylose content (AC) and alkali digestion value (ADV) of rice 

 Treatments  GPC (%) PY (kg ha-1) AC (%) ADV 

2014 Varieties     

V1 7.98±0.11a* 382.66±8.20b 20.60±0.13b 4.45±0.05b 

V2 7.50±0.11b 429.31±8.20a 22.02±0.13a 5.12±0.05a 

Fertility levels     

N1 7.79±0.14ab 406.81±10.05b 20.93±0.15b 4.66±0.06b 

N2 7.99±0.14a 446.48±10.05a 21.65±0.15a 4.92±0.06a 

N3 7.44±0.14b 364.66±10.05c 21.36±0.15ab 4.78±0.06ab 

Bio-inoculants     

B1 7.62±0.12b 396.83±9.34b 21.34±0.09ab 4.86±0.07a 

B2 7.57±0.12b 385.55±9.34b 21.10±0.09b 4.53±0.07b 

B3 8.03±0.12a 435.58±9.34a 21.49±0.09a 4.97±0.07a 

2015 Varieties     

V1 8.02±0.10a 406.23±11.06b 20.71±0.15b 4.77±0.06b 

V2 7.63±0.10b 454.47±11.06a 22.81±0.15a 5.49±0.06a 

Fertility levels     

N1 7.87±0.12ab 431.32±13.55b 21.37±0.18b 4.96±0.08b 

N2 8.05±0.12a 476.07±13.55a 22.12±0.18a 5.31±0.08a 

N3 7.55±0.12b 383.65±13.55c 21.79±0.18ab 5.12±0.08ab 

Bio-inoculants     

B1 7.72±0.12b 424.29±12.34b 21.76±0.11ab 5.16±0.06a 

B2 7.68±0.12b 405.03±12.34b 21.50±0.11b 4.93±0.06b 

B3 8.08±0.12a 461.73±12.34a 22.02±0.11a 5.30±0.06a 

Note. *Mean values±SE. Mean values with different superscript letters denote significant difference (p < 0.05). 
V1 = HUBR 2-1; V2 = HUBR 10-9; N1 = 100% RDF; N2 = 75% RDF + 25% RDN as FYM; N3 = 50% RDF + 
50% RDN as FYM; B1 = BGA; B2 = Azospirillum; B3 = BGA + Azospirillum. 

 

3.5 Amylose Content and Alkali Digestion Value 

Amylose content is an important index to judge rice cooking and processing behaviour and determines the 
cohesiveness, tenderness, stickiness, colour and gloss of the boiled rice (Denyer, Johnson, Zeeman, & Smith, 
2001). Varieties varied in amylose content and alkali digestion value because of fertility levels and 
bio-inoculants (Table 3). HUBR 10-9 showed higher amylose content (6.9% and 10.1%) and alkali digestion 
values (5.12 and 5.49) than HUBR 2-1 during first and second year, respectively. Values indicate medium 
disintegration of kernel and intermediate alkali digestion values which are highly desirable for grain quality 
(Bhonsle, 2010; Singh, Singh, Nandan, & Rao, 2012). Integration of inorganic with organic nutrient source (N2) 
caused highest amylose and alkali digestion value (Table 3). Enhanced quality parameters with combined use of 
organic and inorganic were also reported (Quyen & Sharma, 2003). Varied response to fertility management 
regarding quality traits of two genotypes was obvious. Apart from crop management, the nitrogen management 
had significant impact on grain quality parameters (Gu et al., 2015). Use of two bio-inoculants together (B3) 
produced highest amylose content and alkali digestion value. Secretion of growth promoting substances in 
addition to biological nitrogen fixation might have helped in improved quality (Hemalatha et al., 1999; Hargilas 
& Sharma, 2015). The interaction between fertility levels and bio-inoculants found significant during both years 
for alkali digestion value (Figures 3B and 3C). Combined effect of inorganic, organic and bio-inoculants caused 
continuous supply of nutrients throughout the growth period resulted better quality. Similar findings reported by 
Davari and Sharma (2010) and Hargilas and Sharma (2015). 

4. Conclusion 
The two genotypes responded differently to varied combinations of fertility and the bio-inoculants. Basmati 
genotype HUBR 10-9 showed considerably higher yield potential and possessed superior quality characters than 
HUBR 2-1. Results suggest that the genotypic factors govern the grain quality traits. Application of 
recommended nutrients in integrated approach (75% RDF plus 25% FYM) enhanced grain yield and the quality 
traits. Combined application of bio-inoculants (BGA plus Azospirillum) showed synergistic effect and improved 
the grain yield and quality over alone application of BGA or Azospirillum. Significant interactions noticed to 
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influence the grain quality traits. Study suggest, basmati rice HUBR 10-9 be grown with integrated nutrient 
management that is 75% RDF plus 25% RDN as FYM along with BGA plus Azospirillum to exploit the potential 
yield and quality under conditions of eastern Uttar Pradesh. Evaluation of the traditional basmati cultivars with 
above genotypes required for comparison of yield potential and quality traits. Further, studies under diverse 
conditions required to analyze the performance of these genotypes in traditional and non-traditional potential 
areas. 
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