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ABSTRACT

Grains of fifty lines of bread wheat (Triticum aestivum L.) representing diverse
genotypes were analyzed in the year 2015 for variation in their micronutrient
concentrations. Both grain Zn and Fe concentrations correlated negatively
with grain yield and 1000-grain weight. Zn concentration also correlated
significantly but negatively with phenol reaction score and plant height. Grain
Fe concentration correlated significantly but positively with plant height,
grain Zn and grain protein concentration. However, the correlations of Fe
content with days to heading, grain appearance score, sodium dodecyl
sulphate (SDS) sedimentation value and phenol reaction score and
correlations of Zn content with days to heading, grain appearance score, SDS
and grain protein were weak. Both Fe and Zn concentration showed negative
direct on grain yield. Significant differences between bread wheat genotypes
were found for grain Fe and Zn concentrations. Five entries namely 448, 412,
420, 414 and 419 showed high values for both Fe and Zn concentration. For
Zn, an increment of 33.3% (54.4 ppm) over check (40.8 ppm) was observed.
For Fe, an increment of 28.1% (45.1 ppm) was observed over check (35.2
ppm). The information generated could be used for developing micronutrient
biofortification strategies.
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INTRODUCTION

Globally more than three billion people are affected by micronutrient malnutrition, a serious health
problem worldwide (Kennedy et al., 2003; Welch and Graham, 2004). The most widespread
deficiencies are those of Fe, Zn and vitamin A, which are prevalent in women and children in
developing countries (WHO, 2002). About one-third of the world’s population is affected by Fe and
Zn deficiencies (Hotz and Brown, 2004). The proportion of global population suffering from
micronutrient malnutrition has increased during last four decades (Welch and Graham, 2002;
Graham et al., 2007). Two reasons might be responsible for this distressing trend. First, the
cultivation of pulse crops in South Asia has decreased as compared to high yielding varieties of rice
and wheat in last 2-3 decades. This trend may be the main cause for rise in micronutrient deficiency
in South Asia; because edible legume seeds are better source of micronutrients than cereals,
especially after the cereal grains have been processed before consumption (Welch and Graham,
2002). Second, new plant breeding programmes are mainly focused on attaining high agronomic
yield rather than on nutritional quality (Morris and Sands, 2006). Increased grain yield may have
resulted in low mineral content in grains (Graham et al., 1999; Garvin et al., 2006; Oury et al.,
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2006). Biofortification, which aims at to improve micronutrient concentrations and bioavailability
in plant-based foods through genetic enhancement, is a cost-effective way of solving micronutrient
deficiency problem (Bouis, 2002; Nestel et al., 2006). Micronutrient fertilizers are required to meet
biofortification targets where micronutrient concentrations in foods are low because of soil supply
(Graham et al., 2007; Cakmak, 2008).

Cereals are the main resource of micronutrient minerals for human. Knowledge of variation
in traits among the available germplasm is essential for developing cereal crops with improved
micronutrient concentration. Many screening trials on wheat germplasm for mineral content have
indicated the existence of considerable variation in micronutrient concentrations in grain (Graham
et al., 1999; Liu et al., 2006; Morgounov et al., 2007).

The acceptable varieties at farmer level and those commercially competitive ones should be
acceptable to millers, manufacturers and consumers and must possess acceptable processing
quality. For instance, in South Asia where chapatti is main local unleavened flat bread, biofortified
wheat products should have medium-to-hard grain texture, as well as extensible and medium-
strength gluten, to produce flat bread with acceptable (long-lasting) texture. Lines showing superior
dough extensibility combined with medium to high gluten strength can also be used for products
such as yeast leavened bread, thereby promoting small-to-intermediate-scale local industry. There
exists a strong positive correlation between grain Zn and protein content (Feil and Fossati, 1995;
Morgounov et al., 2007) suggesting that breeding for high Zn content may not affect processing and
end-use quality. Conversely, Morgounov et al. (2007) have reported a significant but negative
correlation between glutenin content and Zn and Fe concentrations among central Asian wheat
varieties. More studies are needed to define this relationship in wheat germplasm. The objective of
present study was to characterize 50 bread wheat lines of diverse genotypes to assess variations in
micronutrient for their processing and end-use quality traits and to determine whether this breeding
material has processing quality suitable to produce different end-use products.

MATERIALS AND METHODS

Plant material

Fifty lines of bread wheat (Triticum aestivum var. aestivum) of 5" HPYT (5™ harvest plus yield
trial) including one control cultivar ‘WH 1105 were grown in field at PAU, Ludhiana, Punjab
(India) in 2014-2015. Each line was sown in two replicate plots of 5 m long with 6 rows spaced 20
cm apart in a randomized block design. All the recommended management and agronomic practices
for the area were followed to raise the plant material and realize full yield potential of crop.
Observations were recorded on plots on 4 quantitative characters. Plant height and days to heading
were recorded at seedling stage while 1000-grain weight and grain yield were recorded after
harvest. The data was analyzed for variability (Singh and Chaudhry, 1977), correlation (Johnson et
al., 1955) and path coefficient study (Dewey and Lu, 1959).

Grain analysis

The concentration of elements Fe and Zn in wheat grains was determined using a bench-top, non-
destructive, energy-dispersive X-ray fluorescence spectrometry (EDXRF) instrument (model X-
Supreme 8000, Oxford Instruments plc, Abingdon, UK), previously standardized for high
throughput screening of Zn and Fe in whole wheat grain (Paltridge et al., 2012). Grain appearance
score (GAS) was evaluated subjectively out of a maximum score of ten (Kaur et al., 2013), giving
due weightage to the grain size (3), shape (2), colour (2) and luster (3). The grain protein content
was estimated using the whole grain analyzer, Infratec 1241 (Foss Analytical AB, Sweden). The
SDS sedimentation value of whole meal samples was determined as per Axford et al. (1979). The
phenol reaction score (PRS) was evaluated by treating about 100 grains soaked overnight, with 1%
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phenol solution for 4 h. The grains are evaluated for extent of darkness out of a score of 10, half an
hour after draining off the phenol solution (Kaur et al., 2013).

Data analysis

Correlation and regression analysis were performed on bread wheat data from the diversity screen
trial. Analysis of variance was calculated according randomized block design analysis with CPCS-1
software (Cheema and Singh, 1991) to evaluate the significance of differences between the lines.

RESULTS AND DISCUSSION

Estimate of genetic variability

Genotypic coefficient of variation (GCV), phenotypic coefficient of variation (PCV), heritability
(h and genetic advance as percent of mean (GA) are given in Table 1. PCV and the GCV were
close for most traits, except Fe and grain yield. High estimates of GCV and PCV were observed in
phenol reaction score. GCV and PCV in Fe and Zn concentrations were observed as low. Plant
height and days to heading had low GCV values.

High heritability was recorded for plant height, days to heading, 1000-grain weight, protein,
grain appearance score, phenol reaction score and SDS sedimentation value and high GA was
recorded for grain yield. Grain yield had lowest heritability followed by Fe content. Plant height,
days to heading, 1000-grain weight, grain protein, grain appearance score, phenol reaction score
and SDS sedimentation value had high h? but low GA values. Phenol reaction score showed high
heritability coupled with high PCV. PCV and GCV were close for most traits, except Fe and grain
yield, indicating primarily the genetic control of these traits rather than environment effect alone.
High estimates of GCV and PCV were noticed in phenol reaction score thus suggesting that the
selection based on these characters would facilitate the isolation of desirable types. GCV and PCV
for Fe and Zn were low thereby suggesting that the selection based on these characters would not be
successful in isolation of yield trait. However, the genetic variability along with heritability
estimates would give a better idea on the amount of GA expected from selection (Burton, 1952).

The traits having high heritability and high genetic advance are supposed to be under the
control of additive genes; hence these can be improved by selection based on phenotypic
performance (Fonseca and Patterson, 1958; Dewey and Lu, 1959; Anwar et al., 2009). Traits like
plant height, days to heading, 1000-grain weight, grain protein, grain appearance score, phenol
reaction score and SDS sedimentation value had high h? but low GA values suggesting the
involvement of non-additive gene action in their inheritance. The traits like phenol reaction score

Table 1: Estimates of genetic parameters for different traits in wheat

Characters h? (%) GA %GA PCV GCV GM CVv

Plant height (cm) 85.01 8.29 8.39 4.79 4.42 98.80 1.86
Days to heading 81.82 5.90 571 3.39 3.06 103.36 1.44
1000 grain weight (g) 93.99 7.02 18.20 9.40 9.11 38.60 2.30
Fe (ppm) 27.98 2.19 6.12  10.62 5.62 35.85 9.01
Zn (ppm) 65.76 6.67 16.18 11.94 9.68 41.24 6.99
Grain protein 99.11 215 18.83 9.22 9.18 11.41 0.87

Grain appearance score 97.87 0.60 10.86 5.38 5.33 5.48 0.79

Phenolic reaction score 98.25 133 4375 2162 2143 3.04 5.86

SDS sedimentation value 96.37 8.19 16.89 8.51 8.35 48.48 1.62

Grain yield (g plot™) 18.52  139.58 4.68 12.26 527 2985.16 11.06
h2 = heritability (broad sense); GA = Genetic advance; %GA = Genetic advance as percentage of mean; PCV
= Phenotypic coefficient of variability; GCV = Genotypic coefficient of variability; GM = Grand mean
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showed high heritability coupled with high PCV suggesting greater scope for selection of these
traits on analytical basis.

Genotypic and phenotypic correlation coefficient

The studies revealed that Fe concentration correlated highly significantly (p<0.001) with Zn
concentration, plant height, days to heading, grain protein and grain appearance score among the
bread wheat lines but the correlation coefficient between Zn concentration with days to heading,
grain protein and grain appearance score was lower than Fe concentration (Table 2). The correlation
coefficient of both Fe and Zn concentrations with SDS sedimentation value was also lower. Fe
concentration correlated negatively but significantly (p<0.001) with 1000-grain weight and grain
yield. Zn concentration correlated negatively and significantly with plant height (p<0.005) and
grain yield (p<0.001). Zn concentration also correlated negatively and non-significantly with 1000-
grain weight and phenol reaction score. Apart from Fe and Zn concentrations, days to heading,
grain appearance score and SDS sedimentation exhibited a negative and significant correlation with
grain yield.

Grain Fe and Zn concentrations are complex characters controlled by several components
which reflect positive and negative effects on these traits. Thus, for achieving rational improvement
in grain Fe and Zn concentrations and its components, the knowledge about the mechanism of
association, cause and effect relationship provides a basis for formulating suitable selection
methods for these components. Both grain Fe and Zn concentrations correlated positively with grain
protein content among 50 lines of wheat. Our findings are similar with other wheat genotypes trials
and indicate a feasible link between grain protein and concentrations of two trace elements
(Morgounov et al., 2007). Other studies have shown that Gpc-B1 (grain protein content-B1) locus
of wild wheat affects both grain protein and Fe and Zn concentration in grains (Distelfeld et al.,
2007). This locus encodes an NAC transcription factor (NAM-B1) that accelerates senescence and
enhanced remobilization of nutrients (N, Fe and Zn) from leaves to developing grains (Uauy et al.,
2006). The wheat genome contains three NAM genes, but modern wheat varieties carry a non-

Table 2: Genotypic and phenotypic correlation coefficients among various traits of wheat
Plant Daysto 1000- Fe Zn Grain GAS PRS SDS

Characters height heading grain protein sV
weight
Days to heading G 0.23*
P 018
1000-grainweight G 0.12  -0.18
P 013 -0.17
Fe G 0.28** 0.37** -0.26**
P 016 0.08 -0.11
Zn G -0.20r 0.09 -0.04 0.40**
P -0.07 0.06 -0.03 0.30**
Grain protein G -0.03 -0.30** -0.15 0.25** 0.16
P -0.02 -0.27** -0.15 0.14 0.14
GAS G 006 010 0.0673 0.25** 0.10 -0.35**
P 004 010 0.06 0.10 0.06 -0.35**
PRS G -042** -041 -0.06 0.05 0.00 011  -0.15
P -0.39** -0.35*> -0.06 002 -001 011 -0.14
SDS sV G 0.08 -0.08 -0.27** 0.13 0.02 0.32** -0.21* 0.05
P 009 -0.07 -0.25** 0.07 0.01 0.31** -0.20* 0.04
Grain yield G 0.08 -0.59** 0.59** -1.37** -0.95** 0.19 -0.08 0.18 -0.25**
P

0.02 -0.18 0.23* -0.15 -0.34** 0.07 -0.06 0.06 -0.10
GAP = Grain appearance score; PRS = Phenolic reaction score; SDS SV = SDS sedimentation value; Critical
value of ‘r” at 5% level = 0.20 and 1% level = 0.25; G = Genotypic correlation coefficient; P = Phenotypic
correlation coefficient
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functional NAM-B1 allele, which causes delayed leaf senescence, and low levels of grain protein,
Fe and Zn in modern wheat varieties as compared to wild emmer wheat. The positive relationship
between grain protein, Fe and Zn concentrations may be a pleiotropic effect of NAM genes
(Cakmak, 2008). The positive correlations between Fe and Zn concentrations and protein content
would be helpful information for wheat breeders, and further studies included a larger set of modern
varieties with high protein content (Zhao et al., 2009).

Wheat lines producing lower grain yields may contain higher levels of trace elements and this
is because of concentration-dilution effect by the dry matter accumulated in grain. It is not helpful
in breeding for biofortification of high-yielding wheat. It is reported in some studies that grain yield
and trace element concentrations were correlated negatively (Garvin et al., 2006; McDonald et al.,
2008; Zhao et al., 2009). Increasing grain yield by N fertilization resulted in high micronutrient
concentrations in wheat grain (McGrath, 1985). Zhao et al. (2009) showed that high yielding
varieties contained significantly low levels of Zn in grain than old varieties. In present study, a
significant negative relationship existed between grain yield and both Fe and Zn concentrations
(Table 2), which is in line with Zhao et al. (2009). Garvin et al. (2006) and Zhao et al. (2009) who
showed a significant decreasing trend in grain Zn concentration with the release date of 26 wheat
lines tested in multiple site trials. This means that improved grain yield as a result of genetic
enhancement may have resulted in decreased Zn content in grains. The negative effect of yield
enhancement was less visible on grain Fe concentration. Other study has shown a decreasing
pattern in wheat grain mineral concentrations (including Zn, Cu, Mn, Mg) over last 160 years in
England, with reduction coinciding with the introduction of short-straw, high-yielding modern
varieties of wheat (Fan et al., 2008). It is significant to break this negative relationship and breed
genotypes that have high levels of trace elements without any yield penalty, which help in
biofortification programs.

Aleurone layer and germ of wheat grain, which are separated as bran part during milling,
contain majority of trace elements like Fe and Zn (Ozturk et al., 2006; Liu et al., 2007; Zhao et al.,
2009). Therefore, it was assumed that the contents of Fe and Zn in whole grain may associate
negatively with grain size, because larger grain would have a relatively smaller bran portion.
Though because of this localization pattern, the correlation among grain size and grain Fe and Zn
content was either weak or insignificant, indicating that smaller grain does not necessarily lead to
smaller trace element concentration (Table 2). Calderini and Ortiz-Monasterio (2003) reported that
the contents of Zn and Fe reduced at grain positions more distal from rachis within ear. Therefore,
higher number of grains per ear may be associated with low average content of these minerals.

Positive genotypic correlation values of traits like plant height (0.08), 1000 grain weight
(0.59), grain protein (0.19) and phenol reaction score (0.18) with grain yield and their high direct
effect values on grain yield i.e., 1.019, 0.137, 1.512 and 1.136, respectively, indicated a true picture
of association between these traits (Table 2 & 3).

Path coefficient analysis for direct and indirect effects on grain yield

Partitioning of total correlation coefficient into direct and indirect effects for grain yield per plot
showed a positive direct effect of many yield contributing traits like plant height, days to heading,
1000-grain weight, grain protein, grain appearance score and phenol reaction score (Table 3). Traits
like Fe and Zn contents and SDS sedimentation value showed negative direct effect on grain yield.
However, plant height, days to heading, grain protein and grain appearance score contributed more
positive indirect effects than negative indirect effects. Traits like 1000-grain weight, Fe and Zn
content, phenol reaction score and SDS sedimentation value showed more negative indirect effects.

Analysis of variance

Among the 50 bread wheat lines, grain Fe concentration varied by 1.5-fold, ranging from 30.6 to
45.1 ppm and grain Zn by 1.7-fold, from 32.0 to 54.4 ppm. Wheat entry 428 had highest mean Fe
concentration (45.1 ppm), followed by entries 435 (43.0 ppm), 441 (40.9 ppm), 431 (40.0 ppm) and
412 (39.6 ppm). In case of Zn mean concentration, entry ‘409’ had the highest value (54.4 ppm),
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Table 3: Genotypic path coefficient analysis for direct (bold) and indirect effects on grain
yield plot™ in wheat

Characters Pl_ant Days: to 1000_—grain Fe Zn Grai_n GAS PRS SDS SV
height heading  weight protein
Plant height 1.0191 0.2210 0.0163 -0.7300 0.0268 -0.0446 0.0609 -0.4764 -0.0151

Days to heading ~ 0.2307 0.9762 -0.0250 -0.9706 -0.0125 -0.4467 0.1088 -0.4625 0.0155
1000-grain weight 0.1214 -0.1782  0.1367 0.6771 0.0053 -0.2247 0.0732 -0.0711 0.0504

Fe 0.2849 0.3629 -0.0354 -2.6108 -0.0540 0.3773 0.2716 0.0527 -0.0236
Zn -0.2022 0.0904 -0.0054 -1.0457 -0.1349 0.2478 0.1125 -0.0038 -0.0036
Grain protein -0.0301 -0.2883 -0.0203 -0.6513 -0.0221 1.5124 -0.3794 0.1281 -0.0591
GAS 0.0570 0.0976  0.0092 -0.6519 -0.0140 -0.5274 1.0879 -0.1731 0.0383
PRS -0.4272 -0.3972 -0.0086 -0.1212 0.0005 0.1704 -0.1657 1.1365 -0.0087
SDS SV 0.0825 -0.0812 -0.03869 -0.3295 -0.0026 0.4791 -0.2233 0.0529 -0.1866

GAP = Grain appearance score; PRS = Phenolic reaction score; SDS SV = SDS sedimentation value

followed by entries 432 (48.5 ppm), 447 (48.2 ppm), 448 (47.9 ppm) and 449 (47.8 ppm). Five
entries 448, 412, 420, 414 and 419 showed high values for both Fe and Zn concentration. Analysis
of variance showed a highly significant difference between wheat lines for plant height, days to
heading, 1000 grain weight, grain Fe and Zn concentrations, grain protein and SDS sedimentation
value (Table 4). Mean data of replications showed that 14 entries (417, 405, 430, 425, 410, 423,
406, 450, 427, 426, 416, 403, 449 and 422) yielded more than the mean of check. Entry 417 showed
an increment of 18% (61.7 g ha™) over the check (52.3 q ha). Element data showed an increment
of 33.3% (54.4 ppm) over the check for Zn (40.8 ppm). Twenty two entries showed more than half
of the target Zn (4 ppm) and 2 entries with more than full target Zn (8 ppm). For Fe, an increment
of 28.1% (45.1 ppm) was observed over the check (35.2 ppm).

It is evident from the range of mean values for various traits among the genotypes evaluated
that these had diverse genetic background. Analysis of variance showed a highly significant
difference between wheat lines for plant height, days to heading, 1000-grain weight, grain Fe and
Zn contents, grain protein and SDS sedimentation value (Table 4). But wheat lines were non-
significantly differed for traits like grain appearance score, phenol reaction score and grain yield.
Nutritionists have established that in South Asia the target is to increase Zn and Fe levels by 8 and
25 ppm, respectively, above baseline in mega-varieties such as ‘PBW343°, grown on 8 million ha
area in India, and Pakistani mega-variety ‘Inqalab 91°, which possess about 25 ppm Zn and Fe. This
means a total Zn and Fe levels of 33 and 50 ppm, respectively, in grain. The absolute target level
for Fe is significantly higher than for Zn, due to lower bioavailability of Fe (Velu et al., 2012). In
general, grain Fe content showed greater variation across genotypes than Zn. Identifying the best
lines with wide adaptation across locations as well as the best site-specific lines (adapted to
favorable environment) is essential for promoting candidate varieties to specific environments.

Table 4: Analysis of variance for experimental design for various traits in wheat

Source of Mean square
variation df  Plant Daysto 1000-grain Fe Zn Grain GAS PRS SDS  GY
height heading  weight protein sV

Replications 1 46.24 168.92 46.24  36.86 4.01 144 081 0.23 57.77 2616.49
Genotypes (A) 49 41.49*%* 22.27** 2553** 18.54* 40.21** 2.21** 0.17 0.86 33.41** 43.99
Error A 49 3.36 2.23 0.79 1043 8.31 098 019 0.76 0.62 30.26

GAP = Grain appearance score; PRS = Phenolic reaction score; SDS SV = SDS sedimentation value
The values with *and ** are significant at 5 and 1% level of significant, respectively
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