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ABSTRACT

Aims. The main objective of the study is to combining thigher yield and micronutrient content along
with good grain cooking quality in polished rice.
Study Place and Duration of Study: The experiment was conducted in the farm of Indrestitute of

Rice Research, Hyderabad, India. The duration efstudy was two successive wet seasons 2013 and
2014.

M ethodology: The experiment was conducted in a randomized caaplock design (RCBD). Four rice
accessions consist of two parent lines (Samba Miahed Chittimutyalu) and two derivatives (BPCM1
and BPCM2) were grown under normal agronomical tmrs, evaluated for their yield, grain quality
and nutritional properties. The four genotypes vweodiled with RM markers.

Results: Both the derivative lines BPCM1 and BPCM2 havevandigher yield advantage (4.5% and
8.8%) than the parent Samba Mahsuri along withityuphrameters like amylose content (23.3%, 25%)
and gel consistency (21.5, 23.7) as well as higb zbontent (20.6 ppm, 24 ppm) moderate iron content
(3.6 ppm, 4.3 ppm) in polished rice. High heritdpi{0.91%) was found for the all traits studiecheT
association of grain yield is significant with hast index, test weight and straw yield. Grain ziontent
was significantly and positively associated witbnircontent and negatively associated with totalgimo
The experiment result indicates that, the micraantrenhancement could be possible along with grain

yield and cooking quality.
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INTRODUCTION

Rice Oryza sativa L.) is the most important cereal crop and primargrgy source for two thirds
of the world’s population [1]. Rice occupies a wegoosition in many nations because for its impmea
in traditional diets and the main source of incarhenany peoples in the world. Moreover, India ranks
first in the world in area of rice cultivation wi#3.49 million hectares and second in productioth wi
104.41 million tons [2]. Majority of rice consumepseferred polished rice for consumption and i&is
poor source of micronutrients especially iron amt #3]. Plant based foods are significant souraies
zinc for humans and mal-nutrition is a severe hepatoblem affecting nearly three billion peoplecas
the world [4]. Rice biofortification is one of tl@ormous strategies to overcome malnutrition deficy
in rice consuming populations especially zinc aod [5].

The genetic biofortification strategy uses plargdaling approaches to produce staple food crops
with higher micronutrient content in edible par@y.[It offers a sustainable solution to malnutritio
problems by exploring natural genetic variationd@velop micronutrient-dense crop varieties [7] [8].
Breeding and adoption of rice cultivars with entethgrain zinc content along with high yield potehti
has become a priority for breeders. Variabilityhie difference in individual genotypes (and thusts)
within a population and the rate at which a cergg@notype can change in response to environmental o
genetic factors [9]. The need for expansion of gicain micronutrients depends not only on cultural
practices and also on their inbuilt genetic valigbiHence, a successful breeding programme will
depend on the genetic diversity of a crop for aghig the goals of improving the high yielding rice
varieties along with improved grain micronutrieft®]. Development and evaluation of potential rice
genotypes with good cooking quality and desiralééngnutritional properties could be a great adagat
in solving malnutrition disabilities in humans [1T]here are several studies on grain yield andtimurtal
content using brown rice and in this study we ysealished rice for the evaluation of grain yield atity

and nutrients content in four ric®ryza sativa L.) genotypes.

MATERIALSAND METHODS
L ocation of the study:

The experimental area was located at 17M3atitude and 78.27E longitude, 545 m altitude,
with mean temperature of 31°€ and mean annual precipitation of 988.3 mm. Inibeseasons of 2013
and 2014 the soil pH before planting was 8.53 ab8 &nd during the crop period iron and zinc canten
in soil ranged from 2.75 to 3.48 and 3.56 to 3.fmprespectively. The experiment was laid out in a
randomized complete block design (RCBD) in thedfi@lwenty six day seedlings were transplanted in
the experimental field. Twenty two meters squamaarvas used for growing sixty plants (four rows

consisting fifteen plants per row) from each gepetpy maintaining 20x15 cm spacing. Two lines gap



was maintained between the genotypes and replitafiar varietal purity. The recommended cultural
methods were used in the study of rice cultivafiti?]. The fertilizers, nitrogen (N), phosphorus @md
potassium (K) were applied to the experimental p®tper the recommended doses per hectare (NPK
ratio is 5:3:2) [13].

Plant M aterial:

“Samba Mahsuri” (BPT 5204) was released in 198 ftbe cross combination of GEB 24 / TN1
/ Mahsuri. It is a medium slender graimdica rice variety, very popular with farmers and consusn
across India because of its high yield and excettenking quality [14]. However, this variety comis
low level of micronutrients especially iron and @im the polished grain. “Chittimutyalu” is a lamnace
that is being cultivated in some regions of southirdia. Its grain is short bold, poses aroma andains
higher zinc and iron content. Hence, a cross waterbatween “Samba Mahsuri” and “Chittimutyalu” as
per Mc Couch emasculation and pollination method @vo promising lines were identified named as
“‘BPCM1” and “BPCM2". These two derivatives (BPCM1 BPCM2) along with two parents (Samba
Mahsuri and Chittimutyalu) were evaluated in therfeof (Indian Council for Agricultural Research)
ICAR-Indian Institute of Rice Research, Hyderabad.

Vegetative, yield and grain quality parameters:

Individual genotypes were analyzed separately fifferént agronomic and grain quality
characteristics like; crop duration (days), plaeight (cm), number of panicles per plant, panielegth
(cm), number of filled grains per panicle, grairlgi (kg/ha) [15]. After harvesting approximately025
grams of fresh paddy seeds were collected from fmumotypes for analysis. For maintaining varietal
purity, discolored, damaged, unfilled, differertesi and shaped grains were removed. To defineréie g
quality, nearly 16 characters like hulling percanilling percent, grain dimensions, linear elongatbn
cooking, and biochemical characters were studiéfl [1
Grain nutritional content analysis:

For the nutritional content estimation, dried seédsn each genotype were dehusked and
polished separately using non-ferrous and non-detwsker and polisheK(ishi International) to avoid
metal contamination [17]. Total crude protein comteas determined by micro kjeldahl method using
Elite EX, Kelplus automatic nitrogen ¢Nanalyzer of Pelican Equipments. One hundred gndin
sample was mixed with catalyst mixture (copper Isalp: potassium sulphate: selelium: 10:50:1) and
digested with 10 ml concentrated sulphuric acide Thgest was distilled and ammonia released was
captured in 4 % boric acid solution. Then it wasated with 0.1 N HCI. The resulting,Nontent was

multiplied by a factor 5.95 to convert into crudetein content [18]. Five grams of brown and paigh



rice samples from each line were separated andecabj to energy dispersive X-ray fluorescent
spectrophotometer (ED-XRF) for iron and zinc estiora[19].
Genotyping with SSR markers

Tissue samples of 15 days old seedlings were uwsedNA isolation using CTAB method [20].
Randomly selected 24 microsatellite markers weredu® identify polymorphism between “Samba
Mahsuri” and “Chittimutyalu” and two selected dexiives (BPCM1 and BPCM2). PCR amplification of
the rice microsatellite (RM) markers, gel electromsis and documentation were carried out as per
following protocols. The veriti PCR system (M/s Ao Bio systems, USA) was used for PCR
amplification with following buffer composition; aht 3ul of template DNA (30ngd), 1.5 ul of 10 X
PCR buffer (GeNei), dl of forward and reverse primer each (5pNY 1ul of dNTPs (2.5mM Conc) and
0.5 ul of Tag polymerase (GeNei,1U) and the final reactvolume was made up tod2vith nuclease
free water. Template DNA was initially denatured&fC for five minutes. Followed by 30 seconds of
denaturation at 95°C, 30 seconds of annealing 4t 88d 1 min of elongation at 72°C for 35 cycleswa
done and final elongation at 72°C for 7 min. ThepAfred products were separated in 3% Agarose gel
electrophoresis (at 120 V for 2 hour) contain dthid bromide and documented (UV transilluminator)
[21].

Statistical Analysis

The four genotypes of two years RCBD mean data vseilgected to analysis of variance
(ANOVA), heritability, PCV and GCV were analyzedng SPAR 2.0 software [22].

RESULTS AND DISCUSSION
Grain Yield:

Increase in grain yield potential is the major go#lthe rice breeders’ research programs. A
considerable variation was observed among therfoargenotypes for yield and yield contributingitsa
and results were presented in Table 1. The vaniatigyrain yield of two selected derivatives waarfd
highly significant. BPCM1 is a semi-dwarf staturngtype with short bold grains (Fig.1) and 97days t
50% flowering duration, whereas BPCM2 is a semisdiwtature genotype with, medium slender grains
and had 97 days 50% flowering duration. “Samba Mahs a semi-dwarf, medium slender grains and
116 days 50% flowering duration, whereas “Chittipatt” is a medium tall stature genotype with short
bold grains and had 103 days 50% flowering duratith. Based on overall mean yield BPCM2 ranked
first with 5165.7 kg/ha, BPCM1 ranked second wi#4.8 kg/ha and has similar yield as that of “Samba
Mahsuri” whereas “Chittimutyalu” showed lower yieBB91.7 kg/ha than “Samba Mahsuri” 4746.1
kg/ha. BPCM1 and BPCM2 recorded significant yi@ttvantage 4.5% and 8.8% over parents during the
last two years of testing respectively. The mednesof plant height varied from 89.7 cm to 131 cm

among four genotypes. “Samba Mahsuri” being sh@8&r7 cm) and “Chittimutyalu” showed taller plant



height (132 cm). The two promising lines BPCM1 &RICM2 show desirable plant height with 89.7 and
98.2 cm, respectively. Semi dwarf or Medium plamight is a desirable feature for higher yield
production [23].

Grain Quality:

The four genotypes BPCM1, BPCMZ2, “Samba Mahsuri'd afChittimutyalu” showed
intermediate amylose content (AC) 23.3%, 25%, 24& 26%, medium gel consistency (GC) 21.5, 23.7,
35.5 & 24 and Intermediate Gelatinization Tempeet(vOC-74C) or alkali spreading value score
(ASV) 5.5, 6.1, 4.2 & 5.2 respectively. Desirabtal rice recovery (53.7%) showed by BPCM1, high by
“Samba Mahsuri” (65.2%), good by BPCM2 (64.7%) a@dittimutyalu” (63.9%). The aroma content of
grains was medium scented (MS) for BPCM1, stroisghnted (SS) for “Chittimutyalu” and non-scented
(NS) for BCPM2 and “Samba Mahsuri”. Two main qualineasurements, amylose content and gel
consistency (AC and GC) used to indicate the capkjnality property of rice grain [24]. These four
genotypes have shown intermediate amylose (20-2Zient and previously similar observations were
noticed [25]. Amylose content determines the firssiand sticky nature of cooked rice while rice with
high Gelatinization Temperature (GT) requires higteanperature, more water and time to cook than
those with low or intermediate GT. As the GT isedily correlated to the time required to cook rice,
therefore, rice with intermediate GT are preferoedr those with high or low-GT. These two propeartie
have highest effect on cooked rice grain qualitg #mus play major role in influencing consumer's
preference. In several studies, both AC and GT i@nad highly associated with eating and cooking
properties of rice [26][27]. Grain quality paramstef all the genotypes have shown desirable phalsic
chemical properties (Table 2).

Grain nutrient content:

In our study, a significant level of variation walsserved for all the nutrient composition studied
among the four cultivars. The grain nutritional ayehetic components of different characters studred
given in Table 3. The two years overall mean valoieprotein content in the polished rice were 7.1%
(BPCM1), 6.9% (BPCM2), 6.5% (Samba Mahsuri) and« & hittimutyalu). Similar observations on
mean crude protein content of the varieties eséthasing Kjeldhal method was in the range of 6 % 8
were reported. [28]. The polished grains zinc cohteas 20.6 ppm (BPCM1), 24 ppm (BPCM2), 10.1
ppm (Samba Mahsuri) and 28.5 ppm (Chittimutyalu)e Tron content values of the BPCM1, BPCM2,
Samba Mahsuri and Chittimutyalu were 3.6 ppm, 48 p2.0 ppm and 4.4 ppm respectively in the
polished rice. During polishing, 28.5 % zinc and«/Bon content was lost from these accessions gjrain
Several thousands of rice germplasm lines have beezened for iron and zinc content in brown and
polished grain across the world and many promigimgors were identified and 90% of iron and 40% of

zinc was lost during polishing [17]. The nutritidbreuality of rice depends on the protein conterd an



other micronutrients such as zinc and iron. Amoexgals, rice is the poor sources of protein as asll
iron and zinc [29]. The crude protein content ob teultivarsviz.,, “ARC 10063” and “ARC 10075” was
16.41 and 15.27% from brown rice respectively [2@ss of iron content is more than zinc during igrai
polishing. Therefore polished grain contains lessigerals than unpolished grain (31).

Genetic parameters:

The heritability for all the traits ranged from B.50 0.99 percent with a mean value of 0.91. Highes
heritability was observed for the days to maturitgtys to 50% flowering, spikelet sterility, fillegtains
per panicle, unfilled grains per panicle, totaligsagper panicle, plant height, kernel length aftecking,
water uptake, elongation ratio and grain chalkineSeveral similar observations were reported
previously. The difference between Phenotypic Goetfit of Variation (PCV) and Genotypic Coefficient
of Variation (GCV) slightly varies for the charadesuch as head rice recovery, volume expansian rat
grain iron content after polishing. This indicatesv environmental influence and predominance of
genetic factors controlling variability for thesaits by [32] [33].

Genotypic correlation coefficients in general whigher than phenotypic correlation coefficients
(Table-4, 5&6) indicating strong inherent assoociatibetween the traits. Filled grains per panicle
exhibited positive significant genotypic and phepit correlation with plant height, productive dils
per plant, panicle length, and total grains perigganSimilarly significant positive correlation tseed
yield per hectare has exhibited with harvest inaed test weight indicating that it is one of thkeston
attribute for yield improvement. Seed vyield perthee exhibited significant negative correlation hwit
straw yield kg/ha. For grain quality parametersewigrain chalkiness had significant positive catieh
with alkali spreading value and significant negatoorrelation with gel consistency. Kernel bredutis
shown positive non-significant association withigrahalk percent, alkali spreading value, amylose
content and volume expansion ratio (mm). Thig &lso exhibited negative non-significant relatigith
Length/Breadth ratio, gel consistency, elongatiatior water uptake and kernel length after cooking
(Table 5). All the nutritional traits were signifiotly and positively correlated with each othereptc
protein with iron content in unpolished rice (Table These observations were matching with previous
report on nutritional aspects on indigenous ridévars. [34].

Genotyping with SSR markers

DNA finger printing was performed using 24 SSR neasskfor four genotypesiz. “Samba
Mahsuri’, BPCM1, BPCM2 and “Chittimutyalu”. Among42RM markers, 18 markers have shown
polymorphism and RM535 marker has shown very disfpolymorphism between the genotypes (Fig. 2).
The polymorphic markers and allele sizes of the gmnotypes with comparing 100 base pair gene fadde
was given in the Table 7.

Conclusion



The present study indicated that, the two deriviedsl BPCM1 and BPCM2 from the parents

“Samba Mahsuri” and “Chittimutyalu” found to be pmising recombinants for combining higher grain

yield, good quality and desirable nutrient conierpolished rice. Overall, the resource generatetthiis

study can be used to identify and development gh hiielding rice genotypes with good grain and

nutritional quality in polished rice and for the#lease as varieties.
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