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Abstract

The study aimed to determine the agronomic traits of two rice modules (IRSSTN 1 for a coastal salinity-wet
season, and IRSSTN 2 for an inland salinity-coastal salinity-dry season) to select promising genotypes that have
highest grain yields, early maturity, and stable under Al-mishkhab, Irag environmental conditions by using inorganic
and organic nutrition. The results showed that genotype IR72049-B-R-22-3-1-1 performed the best agronomic traits
with late flowering (>130 days), shorter plant height, the highest ratio of seeds/panicle and grain yield compared to
control, while genotype IR70023-4B-R-12-3-1 gave the highest panicle length and the highest number of panicle/m2.
Significant differences were found at macronutrient (N, P, K, Na, Mg, and Ca) and micronutrient (Zn, Mn, Fe, and
Cu). IRSSTN module 1’ genotypes showed superiority in P, Mg, and Cu and IRSSTN module 2 genotypes had
superiority in N, Ca, and Cu. The simple correlation analysis shows that 6 genotypes of 2 sets of IRSSTN genotypes
improved the nutritional quality of whole grain may be having a stable medium. It can be recommended to improve
the new cultivars at a research station and producing good seed quality.
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Introduction

While rice breeding for salt tolerance, screening tolerant plants in
the field conditions play an important role [1] and is difficult because
of soil salinity dynamics. Soil salinity is dyanamic in two ways; first
level of salt varies horizontally and vertically both; and the second
changes in soil profile with time [2]. Rice grains are less in essential
nutrient elements, 50% of those nutrients available are found in the
bran layer consisting of pericarp, seed coat, nucleus and aleurone layer
and 10% in the embryo. Rice grains are consumed in the form of
milled (polished) rice, and the milling process removes both bran and
embryo leaving only about 28% of grain element content in the
polished (white) rice [3]. Several studies have reported the variations
in quality of the rice grain, especially when rice has been grown in
traditional areas [4]. Salinity is a determinant factor during
fertilization [5], maturity [6,7] and flowering [8]. Salinity is a current
threat to food security, where irrigation is an essential input to
agricultural production. More than 50% of rice soils in Iraq are now
affected by salinity, so use of salt tolerant varieties are considered to be
the most economic and effective way of increasing crop production on
saline lands [9]. The rice plant is one of the most suitable crops for
saline soils, moderately sensitive to salinity, particularly during the
early seedling, flowering and reproductive stages [10,11]. In the last
years the global warming phenomenon coming out by high
temperature [12], drought [13], salinity [14] and water scarcity [15,16]
and this affect field crops especially rice and this effect changed organic
and inorganic composition leading to low quality and quantity of
grains. Seedling test described a stress of that originally devised in

collaboration with the International Rice Research Institute (IRRI), to
understand this cellular function, a total of 92 genotypes obtained
from IRRI (31st IRSSTN-SS1 and 31st IRSSTN-SS2) were subjected to
field experiment of salinity stress (50 mM NaCl, Ece = 6 dS m!). A
field experiment was conducted to study the extent of genetic diversity
in rice for nutrient composition. Rice is most susceptible to salinity
stress, the threshold or slope of rice (Oryza sativa) is Ece=3.0 dS m™L. It
appears that increasing the rice production by expansion of planting
areas is not an ideal solution. Despite of competing for urbanization,
available lands for rice plantation is scarce due to abiotic stresses such
saline-prone areas. Therefore, manipulation of cellular mechanisms in
rice plants to promote salinity adaptation is the key to effectively
improve the rice production. A possible and promising solution to this
problem is the genetic improvement of rice cultivars that are tolerant
to salinity. Plants possess various strategy defense mechanisms against
salinity stress [3,17], specifically, the cell membrane is the first
machinery that plays a critical role in the resistance of plant cells to
environmental stresses. A field experiment was conducted to study the
extent of genetic diversity in rice for growth parameters and yield
contributing traits and quality of grains under Al-mishkhab, Iraq
environmental condition. For understanding this cellular function, a
total of 92 genotypes obtained from IRRI (31 IRSSTN-SS1 and 31
IRSSTN-SS2) was subjected to field experiment of salinity stress (50
mM NaCl, Ece =6 dS m™). A field experiment was conducted to study
the extent of genetic diversity in rice for growth parameters and yield
contributing traits. The objectives of this study were to determine the
variability of two set of IRSSTN rice in quality grain under Al-
mishkhab, Iraq environmental condition.
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Materials and Methods

Plant materials

Two sets of International Rice Soil Stress Tolerance Nurseries
(IRSSTN) were transferred to Iraq by cooperation with IRRI and
evaluated at Al-Mishkhab Rice Research Station (AMRRS) during
2013, with the control cultivar called Jasmine (The Jasmine features
are: high yield, aromatic, medium of growth duration, and resistant for
lodging).

Two modules of IRSSTN; "IRSSTN module 1" for a coastal salinity-
wet season and "IRSSTN module 2" for an inland salinity-coastal

salinity-dry season were obtained from the International Rice Research
Institute, (IRRI), Los Banosh, Philippine. It consisted of 70 different
genotypes of elite rice (Oryza sativa L.) entries including local check.
The detailed description of the genotypes along with yield
performance, 1000 seed weight is given in Tables 1 and 2 and these
genotypes were used for diversity analysis in the present investigation.
IRSSTN Module 1 consisted of 35 test entry which are height (110-130
cm) and medium height with late-maturity (>130 days). This module
was evaluated under coastal-saline soil conditions. IRSSTN Module 2
is composed of 35 test entry that are semi-dwarf to medium-height
(<110 cm) with early to medium maturity (<125 days). This module
was screened under an inland-saline soil conditions.
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Table 1: Mean values with Standard error for macro and micronutrient contents of rice (IRSSTN-1).
Macro element (mg kg™') Micro element (mg kg™)
S No Designation
N (%) P K Mg Na Ca Zn Cu Fe Mn
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Table 2: Mean values with Standard error for macro and micronutrient contents of rice (IRSSTN-2).

Sixty genotypes of rice (two models) were evaluated under field
condition during the period from March to December of 2013, at the
experimental farm of the Al-Mishkhab Rice Research Station
(AMRRS). The soil texture of the application areas was silty clay loam
to clay loam with pH of 7.9 and EC of 6 dS m™! (field soil analysis).
Randomized Complete Block Design (RCBD) was used with three
replications. Twenty six days old seedlings were transplanted in 2 m?
plot with inter-row and intra-row spacing of 20 x 15 cm. All
recommended practices were followed to maintain uniformity in plant
population and to ensure good crop growth.

Five representative plants for each treatment in each replication
were randomly selected to record days to panicle initiation, plant
height (measured height from the base of the plant to the top of the
latest spikelet on the panicle, excluding awn), panicle length (measured
from the base of the lowest spikelet to the tip of the latest spikelet on
the panicle, excluding awn), number of tillers per hill (counted total
number of tillers at the maturity stage), number of reproductive tillers
per hill (counted number of tillers with panicles), traits related to
growth duration, such as days to 50% flowering, and yield per plot
were computed on plot basis. For calculation of days to panicle
initiation five main (primary) tillers from five randomly selected hills
of each plot for each replication were collected at maximum tillering
stage.

The collected tiller was exposed and the growing zone of first node
was examined carefully under stereomicroscope and the length of the
newly developed panicle was measured using a millimeter graph paper.
Then the stage of panicle development was determined by the
guidelines described in manual for hybrid rice seed production [18].

The nutrient parameters measured during period study, and
nutritive value in terms of minerals of K, Ca, Mg, Na, Zn, Mn, Cu, and
Fe. One grams of tissues form each replicates were dried in an oven for
24 h at 105° C (weighed and re-weighed until a constant weight was
reached). The samples were allowed to cool at room temperature
before the final weight was taken. The contents of the mineral elements
for K, Ca, Na, Mg, Mn, Zn, Cu and Fe were determined using the
standard method (aqua regain digestion method) and analyzed by
Atomic Absorption Spectroscopy (AAS), method of described by Page
[19]. Data were analyzed using GraphPad Prism (version 7) sofware
(GraphPad Sofware, USA) [20].

Results and Discussion

Plant Height (cm)

IRSSTN Module 1 consisted of 19 test entry which are height
(110-130 cm), so there were significant differences in this trait thus
obtained are shown in Figure 1A for plant height measured parameter.
The highest plant height on the IRSSTN-SSI plots was 104.6 cm, while
the lowest plant height on the IRSSTN-SS1 plots had a 69.6 cm as
average replicate. ISSTN-SS1 establishment is already being started
culturing in a number of countries contributed with IRRI such as DPR
Korea, Egypt, Republic of Korea, Thailand and India (Cuttack, DRR,
Danti, Gangavati, Gosaba) [21]. The all locations gave highest in plant
height was 147 cm, while the lowest plant height was 77 cm [22].
IRSSTN-SS2 is composed of 28 test entry those are semi-dwarf to
medium-height (<110 cm). Figure 1B for plant height on the IRSSTN-
SS2 plots measured, the highest plant height was 122 cm as average,
while the lowest plant height was 84 cm, however, all locations at IRRI
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gave the highest plant height (133 cm), while the lowest plant height
was 63 cm [23]. This difference may be attributed to good growth
conditions in these countries that led to vigorous root growth in all

directions compared with Iraq condition. The result is identical to
Negrao et al. [22].

A

Plant Height (cm)

123 4567891010 RBHISIEITISING

Rice Genotypes

Figure 1: Plant height (A) IRSSTN-SS1; (B) IRSSTN-SS2
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Days to 50% flowering

Considering this parameter affecting crop yield, the FDW average in
IRSSTN-SS2 was lower (84 day) compared with the highest (122 day).
The first IRRI locations gave highest in FDW was 133 days, while the
lowest in FDW was 88 days (Figure 2). IRSSTN-SS1 plots, the highest
FDW was 104 days as the average, while lowest FDW was 85 days,

however, all locations at IRRI gave highest in plant height was 113 day,
while the lowest highest in plant height was 88 days [24]. This result
may be attributed to more shading between plants and less nutrient
uptake due to greater competition among IRRI plants which grow
closer together. The result agreed with Pandit et al. [1] and Gregorio et
al. [25].
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Figure 2: Days to 50% flowering (A) IRSSTN-SS1; (B) IRSSTN-SS2.
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Days to maturity

IRSSTN Module 1 is late-maturity (>130 days). Days to maturity
(DM) with AMMRS were greater, with132 day on average, while with

IRRI methods. There was 121day, giving AMRRS more than 10 days.
The IRSSTN Module 2 is early to medium maturity (<125 days).
AMRRS location gave highest in DM was 137; while the IRRI gave
highest in DM was 128 days. This result may be attributed to the
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nutrient and light availability for plant management (Figure 3). The diversity has been limited by the complex and polygenic nature of salt
result identical with Reza et al. [26] suggesting breeding for salinity tolerance in rice genotypes [27].
tolerance using Bangladeshi rice landraces and understand genetic
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Rice Genotypes
Figure 3: Days to maturity (A) IRSSTN Module 1; (B) IRSSTN Module 2.

Grain yield the IRRI gave the highest in grain yield 2.1 t ha™! (R). This increment of
50% resulted from a combination of factors, including higher grain
number per panicle and a lower sterility ratio due to good growing
conditions and wide spacing between plants that affects the nutrients
and sunlight available to plants. Similar results have been reported
from other studies [23,24].

Grain Yield According to this summary measure of crop
performance, IRSSTN Module 1 was significantly more successful than
IRSSTN Module 2. IRSSTN-SS1 gave an average yield of 2.7 t ha’!
compared with 2.5 t ha'! from IRSSTN-SS2 rice production in AMRRS
station (Figure 4). The IRRI location gave the highest in grain yield was
2.0 t ha'! for IRSSTN-SS2, while the IRSSTN-SS2 rice production in

2000 -
1500 = A B
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1000 o E
3 = 100
e .
]
500 < 5004
0.
o
12345678 9100112131415161718192021 2223 242526 1223456789 10NI2BMHISIEINTIS8NN
Rice Genotypes Rice Genotypes
Figure 4: Economic Yield (grain yield) (A) IRSSTN Module 1; (B) IRSSTN Module 2.

Multivariate test statistics (MANOVA) All IRSSTN-SS1 and 2 rice accessions were grouped into 3 clusters
at 0.5 minimum distance between clusters (Figure 5). Numbers of rice
accessions in these 3 clusters were 4, 2 and 10 in the first, second and
the third clusters, respectively. When consider the grouping behavior
of rice accessions, a clear differentiation of rice accessions into three
clusters was observed with few exceptions. Thus, cluster I and II
represented the rice accessions for traditional varieties and cluster IIT

The MANOVA analysis of the above 3 clusters against the 12
measured variables revealed a significant Wilks' Lambda statistics
(p<0.0001) Therefore, these three rice groups classified according to
the resulted data are truly different from each other and they naturally
exist clusters. Thus tested vegetative traits can be utilized effectively to
group the IRRI rice accessions.
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represented the rice accessions of nutrient intake values (NIVs). Rice
accessions, discoveries as far as fluctuation among conventional and
recently enhanced rice assortments developed in Sri Lanka with a
couple of special cases [28]. This fluctuation was generally noticeable

among the customary assortment containing rice increases than NIVs
containing promotions. Further, display examine came about a one
bunch for NIVs.
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Figure 5: (A) IRSSTN Module 1; (B) IRSSTN Module 2.
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Inorganic composition

Macronutrient: Rice genetic differences and Iraqi condition in seed
mineral concentrations have been detected and the results showed in
Tables 1 and 2. Na, Mg and Ca in the rice seed is lower than that in
other parts of the plant, because the mobility of the elements. However,
N and P concentrations have been reverse behavior. But K is
distributed more uniformly throughout mature plants than N, P, Ca,
Mg, and Na [29]. In our study, the content of N, P, K, Ca, Mg and Na
varied slightly among IRSSTN Module 1 genotypes. That is, the N
content ranged from 1.08 to 1.85 mg kg! and only one genotype
(IR77664-B-25-1-2-1-3-12-4-AJY1) presented 1.85 mg kg! and the
rest of the genotypes were closer to 1.5 mg kg'!. P content in IRSSTN
Module 1 genotypes ranged from 1.28 to 2.75 g kg'! however, more
than 75% from IRSSTN Module 1 genotypes were closer to 1.5 g kg™l
Potassium content varied between 14 to 42 mg kg! was
IR50184-3B-18-2B-1 and IR07T114 genotypes respectively, Ca content
were between 336.9 to 701.4 mg kg'! and Mg content were between
613.1 and 1223 mg kg'!. Na content varied between 65.6 to 345.8 mg
kg! (Table 1). Table 2 showed that IRSSTN Module 2 genotype
indicated that the mean of N content was 1.68 mg kg! with a range
from 1.42 to 1.92 mg kg'!, the P and Ca content varied from 37.06 to
2300 mg kg! of P and from 17 to 97 mg kg'! of Ca. The mean of Na
and Mg content was 864.6 mg kg! and 153.3 mg kg'! respectively,
varied from 75.89 to 271.6 mg Kg'! for Na and Mg content was ranged
from 737.3 to 1095 mg kg .

Lack of mobility of some macro element from vegetative tissue to
fruiting structures was effected in accumulation metals in genotypes
[29,30].

Micronutrients: In all countries, the rice grains are the primary and
cheapest source of trace elements however; their intake does not satisfy
the mineral requirements of the population in these countries, so in
the developing countries have been developing new genotypes

regimented with vitamins such as Colden rice regiment with vitamin
A.

The analysis of our data indicated that the IRSSTN genotypes rice
significant differences between them for all micronutrients evaluated
(Tables 1 and 2). IRSSTN Module 1 genotype indicated that the trace
element was positively accumulation with the Cu, Fe, Mn and Zn
content. The mean of the Cu, Fe, Mn and Zn content was 16.8, 131.9,
20.2 and 4.3 mg kg'! respectively. The Cu content varied from 1.3 to
38.4 mg kg! and the Fe between 25.26 to 592.9 mg kg! and the Mn
from 10.86 to 38.2; Zn from 1.45 to 8.49 (Table 1).

In the IRSSTN Module 2 genotypes the mean of Cu content was 4.1
mg kg'! and varied from 9.0 to 15.6 mg kg'!. The mean of the Fe, Mn
and Zn content was 82.4, 15.4 and 4.13 mg kg'! respectively. Fe was
ranged from 24.42 and 140.8 mg kg'!. On other hand, the Mn content
varied from 3.9 to 24.1 mg kg'!. The Zn content ranged from 1.47 to
6.54 mg kg'! (Table 2).

Plant breeding and other strategy to increase the quality of plant
seed in arid condition could be the use of adequate methods to
increase the nutritive value through the enhancement of the
bioavailability of the micronutrients [31] and the reduction of the anti-
nutritional substances present in the seed [11,32,33].

Correlation analysis

The Pearson correlation analysis on the mean of IRSSTN Module 1
genotypes, the N content was negatively correlated with the content of
Mg, Na, Ca, Cu, Fe and Zn in the seed and only Mn have positively
correlated with the N. The P content was positively correlated with the
Mg, Na, Mn, Fe content and highly correlated with Zn. K, Mn and Fe
content was insignificant negatively or positively correlated with the
macro, micronutrient content. The Mg content was highly positively
correlated with the Fe content and insignificant correlated with other
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elements. The Na content was negatively correlated with the Mn. The
Ca content was positively correlated with Zn content. Cu content
positively correlated with the Fe and Zn (Table 3 and Figure 6).
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Figure 6: The Pearson correlation analysis of the macro and micronutrient contents (A) IRSSTN Module 1; (B) IRSSTN Module 2.
N P K Mg Na Ca Cu Mn Fe Zn
N 1
P -0.239" 1
K -0.075 0.123 1
Mg 0.272" 0.318" 0.179 1
Na -0.229" 0.330° 0.164 0.178 1
Ca -0.250" -0.038 0.039 -0.187 -0.099 1
Cu -0.270 0.17 -0.009 0.113 0.027 0.15 1
Mn 0.356" 0.211 0.178 -0.046 -0.202" 0.054 0.124 1
Fe -0.361" 0.299" 0.144 0.599™ 0.002 -0.054 0.295" -0.109 1
Zn -0.234 0.439" -0.068 0.13 -0.092 0.234 0.208 0.052 0.177 1
Table 3: Pearson s correlation coefficients between macro and micronutrients of IRSSTN-1 rice seed (N = 28). * P < 0.05 ™ P < 0.01.
N P K Mg Na Ca Zn Cu Fe Mn
N 1
P -0.129 1
K 0.295 -0.184 1
Mg -0.082 -0.146 0.068 1
Na 0.252" 0.147 0.230" 0.376" 1
Ca -0.337" -0.102 -0.370 -0.042 -0.308" 1
Cu 0.371" -0.19 -0.209" 0.268" 0.053 -0.243" 1
Mn -0.223" -0.369™ -0.084 0.061 -0.256" 0.435™ 0 1
Fe 0.301" 0.069 0.145 -0.187 -0.041 -0.116 0.209" 1 -0.500™
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‘ Zn ‘ -0.031 0.095 ‘ -0.108 ‘ 0.172 ‘ 0.258" ‘ -0.203" ‘ 1 ‘ 0.263" ‘ -0.407™ 0.189

Table 4: Pearson s correlation coefficients between macro and micronutrients of IRSSTN-2 rice seed (N = 19). " P < 0.05 ™ P < 0.01.
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