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Abstract

Eight hard wheat varieties grown at different locations over three cropping years were studied for arabinoxylan (AX)
contents, in terms of total arabinoxylans (TAX), water extractable arabinoxylans (EAX) and water unextractable
arabinoxylans (UAX). The levels of TAX, EAX and UAX were found to range between 46.3 to 77.8; 8.8 to 9.0; and 39.9 to
67.7 mg/g, respectively. The percent EAX in TAX and EAX/UAX ratios were found to be independent of the amount of AX.
The EAX levels showed a similar pattern to TAX in all varieties. The influence of variety, location, and crop year on the AX
contents was also studied. Variety was the main source of variation that influenced the AX content and percent EAX in TAX
and EAX/UAX ratio. Location and Variety x Location interactions, were both found to significantly (p<0.001) influence the
AX content. Variety x crop year interaction also showed a significant (p<0.001) impact on the percent EAX in TAX and
EAX/UAX ratio. The impact of weather conditions on AX levels across the crop year and near the harvest period also
showed significant relationships. The AX content across crop year was significantly and positively correlated with average
minimum temperature (+=0.68-0.72) and average relative humidity (+=0.64-0.68). Compared to this, the AX level showed a
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significant negative relationship with maximum temperature (7=0.67) during the period approaching harvest.
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Introduction

Arabinoxylans (AX) are one of the most common non-
starch polysaccharides known for their impact on product
quality. They are largely present in cell walls of wheat and
other cereals (Kaczmarek et al., 2016). Compared to wheat
flour, most of the arabinoxylans are present in wheat bran
(Lempereur et al., 1997). It is providing structural support
to the plants by hydroxyl-cinnamate cross-linking (Carpita
& Gibeaut, 1993). They are known to affect the dough
rheology (Biliaderis & Rattan, 1995), and increase the
dough viscosity and development time (Arif et al., 2018;
Buksa et al., 2010). The ability of arabinoxylans to bind or
squeeze more water speeds up starch retrogradation -
possibly due to an increase in molecular mobility of starch
(Biliaderis & Rattan, 1995).

Arabinoxylans can be classified as water extractable
arabinoxylans (EAX) and unextractable arabinoxylans
(UAX) on the basis of their water extractability. The
degree of arabinose substitution, xylan polymerization,
ferulic acid cross-linking and linkage with other
components of the cell wall (Kiszonas et al., 2013; Sinha
et al., 2011) are the main factors determinig the extent of
water extractability of AX. Each of the AX fraction exerts
different impacts on dough rheology and finished product
quality (Arif et al., 2018). TAX and UAX largely related
with ash content and thus have been considered a flour
refinement indicator (Ramseyer et al., 2011). The
negative impact of UAX on dough structure and bread
quality is due to its interference by hindering the starch
and gluten hydration. (Courtin & Delcour, 2002). On
other side, EAX contribute to improve viscosity of
batters, and quality of flours for baking applications
(Molina et al., 2021; Guttieri et al., 2008).

The importance of arabinoxylans in assessment of
quality parameters therefore required investigations of
AX levels in wheat cultivars in relation to quality
characteristics considering genotypes and environmental
conditions. Limited studies have already investigated the
effect of environmental conditions on AX level in
different wheat varieties. The influence of genotype was
reported on TAX, EAX in flour and EAX in bran
(Gebruers et al., 2010; Kaur et al., 2021). Variation in
EAX content has also been affected by genetic makeup
of wheat (Dornez ef al., 2008). Compared to this, the AX
level seems to be highly affected by environmental
conditions (Li et al., 2009; Finnie et al., 2006). Crop
year also correlated with variation in EAX and TAX
(Dornez et al., 2008). The percent EAX in TAX was
similar in both winter and spring wheat classes (Li et al.,
2009). In five durum wheat cultivars, the ratio of
genotype x environment ratios was 4.9 for EAX and 4.4
for TAX (Lempereur et al., 1997). Another study
suggested the environment as a main factor influencing
AX content as compared to genotype (Li et al., 2009).
The agronomic practices can also be an important factor
that may cause a variation in AX levels. Even a one
month delay in harvest can increase EAX levels in grain
(Dornez et al., 2008).

The present study was undertaken to investigate the
impact of genotype, environmental conditions, and crop
year, on the TAX, EAX and UAX in wheat. Percent EAX
in TAX and EAX/UAX (extractability ratio) were also
determined as they act independently of the TAX content.
To understand the interplay of these factors, eight wheat
varieties were studied over consecutive three year
cultivation at three different locations.
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Materials and Methods

Samples description: Pakistani wheat cultivars (Anmol,
TD 1, Mehran, Moomal, Abadgar, Imdad, TJ 83 and
SKD 1) were obtained from WRI, Sakrand. These
varieties were cultivated in Nawabshah (L-1), Tandojam
(L-2) and Dadu (L-3) for three crop years. An RCBD
was followed in triplicate for each experiment. All
varieties were grown in a uniform plot size (15ft x 6ft)
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under irrigated conditions. They were planted in
November and harvested in May each following year.
Standard and uniform agronomic practices were applied
for all the cultivars. Before thrashing, wheat was sun
dried for about a week. The agronomic and
morphological performances of different wheat cultivars
are given in (Table 1). Weather conditions of wheat
cultivation are given in (Table 2). Location details, and
the soil characteristics are provided in (Table 3).

Table 1. Average agronomic and morphological performance of wheat cultivars grown for three years across three locations.

Agronomic and morphological parameters
. . . Grain | Biological Plant | Spike .
Variety Days to Flag leaf Days to | Grain filling . . Harvest . Grains
headin, area (cm”) | maturit eriod (days) yield yield index height | length er spike
g Y|P Y| (kg/ha) | (kg/ha) (cm) | (cm) [P€F°P
TD 1 82 19.8 134 75 4380 8866 493 87 10.6 53
Imdad 83 19.9 133 77 4486 8998 49.8 91 11.4 55
Mehran 87 224 135 78 4291 8886 48.4 89 11.8 54
Abadgar 89 21.2 137 78 4461 9311 47.9 91 11.4 57
Moomal 81 21.3 134 72 4263 8786 48.5 93 11.6 53
Anmol 87 214 136 82 4105 8847 46.5 90 10.8 54
SKD 1 86 22.8 137 80 4477 9072 493 95 11.3 54
TJ 83 87 22.6 139 78 3744 8967 41.3 81 11.5 57
Table 2. Weather conditions during wheat cultivation.
Temperature °C
Average minimum Average maximum
Dadu | Tandojam | Nawabshah Dadu Tandojam | Nawabshah
Nov O & 0 9 9o 9o O© O ¢ ¢ o o o o o C) C) C)
Dec e 0 6 6 & 066 o O ¢ O O O O ¢ ¢ O C) C)
Jan O o o 6o & ¢ O O O O O O ¢ ¢ O C) C) O
Feb ¢ & 0O 6 6 & o0 o O ¢ O ¢ ¢ ¢ ¢ C) C) C)
Mar 0O © 0 9 © 9 O©0 0 © © O ¢ ¢ ¢ ¢ C) C) C)
Apr @ 9 9O 9O e o 9 9 © o O ¢ ¢ ¢ ¢ C) C) C)
May e 6 6 6 o6 o o o (] (] O C) C) C) C) C) C) C)
Crop year 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3
Relative humidity (%)
At 1200 UTC At 000 UTC
Dadu |Tand0jam |Nawabshah Dadu |Tandojam |Nawabshah
Nov o o 6o 6 & & o O (¢ o o o © © © ) ) )
Dec 0 06 6 &6 O © o o © o o o o © o ) ) )
Jan ® 06 ¢ & & o o o ¢ o o o © © © ) ) )
Feb ¢ 06 6 6 & O o o ¢ o o © © o © ) ) )
Mar e &6 &6 o & o o o O o o () () o () () ) )
Apr o 0o 6 o & o o O O © © © © o o © © ©
May e o o & o o O O O © © © o o o © © ©
Cropyear 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3
Precipitation (mm) Ave. min o ® © ) °
Dadu Tandojam Nawabshah Ve 2.4-64 7.8-12.5 12.7-17.7 18-22.7 23.1-28
Nov o o o o o o o o o Avg. o ® © o °
Dec © o e o o o < o © Max. 20.3-25.3 26-29.7 31.5-34.7 36-40.9 41.7-46.4
Jan o o o o o o o o o RH% o ® © ? °
Feb o o o o o o o o o (1200 UTC) 19-31 32-42 46-54 56-68 80
Mar o © o ] ® o o e o RH% o ® 0 9 °
Apr o o o o o o o o o (000 UTC)  57-63 64-70  71-75  80-83 85-91
May o [¢) [¢) o [¢) ¢} (¢} [¢) O Precipitation [¢) e © o [
Crop year 1 2 3 1 2 3 1 2 3 (mm) 0-23 31-37 48.4-69 NA 121




ARABINOXYLANS OF HARD WHEAT CULTIVARS

1895

Table 3. Details of growing location and soil properties.

Experimental locations

Location coordinates

L-1 L-2 L-3
Latitude 26.27° 25.46° 26.77°
Longitude 68.43° 68.56° 67.80°
Soil properties
Sand proportion in soil (%) 21.92 25.9 42.75
Silt proportion in soil (%) 49.43 43.5 21.02
Clay proportion in soil (%) 28.65 30.6 36.23
EC (dS/m) 0.64 0.39 1.12
pH 8.0 83 8.4
Lime content (%) 12.7 11.6 13.4
Organic matter (%) 0.78 0.84 0.66

Wheat grain analyses: Grains of each sample were
homogenized and divided using a mechanical divider to
obtain a representative laboratory sample. A precision
electronic divider was used for further mixing of
laboratory samples and subdivided into working samples.
Thereafter, the samples were cleaned by using appropriate
sieves and hand-picked to remove clay, small particles,
and other grains. The grains of all the wheat varieties
were sound as shown by high test weights (77.3-79
Kg/hL) and had lower moisture content (9.8-10.3%). A
standard one liter bucket procedure was used for
determination of test weight of wheat grains (Dexter &
Tipples, 1987). Moisture content of each grain sample
was evaluated by using moisture tester, appropriately
calibrated with standard air oven method.

Milling of wheat grains into whole-meal flour: Wheat
samples were ground into whole meal flours using a
sample grinding mill (UDY corp., USA) equipped with a
0.5 mm screen. The feeding rate of grain to the mill was
around 70 g/min. Flour yield (98-99%) was recorded, and
compared with the quantity of grain fed to the mill.

Estimation of arabinoxylans: A modified method
based on colorimetry was used for determining total
arabinoxylans (TAX) and water-extractable
arabinoxylans (EAX) contents in samples as reported by
Finnie et al., (2006). Water unextractable arabinoxylans
(UAX) was calculated by subtracting EAX from TAX.
The percentage of EAX in TAX, and the ratio of EAX to
UAX were also calculated.

Statistical analysis

The AX contents in each laboratory sample were
determined in three replicates. A three-way analysis of
variance for a CFD (variety, location and crop year) was
applied to analyze the sources of variation in TAX, EAX
and UAX levels of hard wheat. Mean separation was
performed by Duncan's Multiple Range Test. Pearson’s
correlation coefficients () were evaluated between
arabinoxylan contents and weather conditions. The
variance ratio was evaluated to determine genotypic
contribution in AX levels. Statistical analysis was
performed through the software (SPSS 21v).

Results and Discussion

Arabinoxylan levels in wheat meal: Tables 4-6. show
AX contents in meals of eight wheat varieties grown for
three consecutive years at three locations in Sindh
province of Pakistan.

Total arabinoxylan (TAX): The TAX levels irrespective
of wheat variety, crop year, and location were ranging
from 46.3 to 77.8 with an average level of 59.7 mg/g
(Table 4). Minimum TAX content was found in variety TJ
83 (48.7 mg/g) while maximum in SKD 1 (68.7 mg/g).
Three of the varieties — Imdad, Anmol and Moomal -
showed mean TAX above 60 mg/g. Other three varieties —
Mehran, TD 1 and Abadghar - showed TAX between 50
and 60 mg/g. TJ 83 was the only variety that fell below
the 50 mg/g level. The varieties that were grown in L-2
expressed the maximum TAX values (62.4 mg/g)
irrespective of the crop year. The average minimum value
of TAX in the varieties grown in L-1 was recorded at 56.3
mg/g. Variation in TAX content in terms of percentage
was calculated to range from -22.44 to + 30.32 from the
mean value. The coefficient of variance among the
varieties was found to range between 9.0 and 16.3 percent
in the same year and between the three crop years
respectively. Within the variety, there was a lesser
variation in five varieties, whereas three varieties - SKD
1, Moomal and Anmol - were found to have more
variation across crop years and locations (CV =10-
11.8%). The mean CV between the varieties irrespective
of location and crop year was found to be 13.2% and
within the varieties 6.35%. Other studies carried out
elsewhere have also found the TAX in wheat to range
between 40 and 78 mg/g (Barron et al., 2007; Saeed et al.,
2014; Wang et al., 2006).

Water-extractable arabinoxylan (EAX): Table 5. shows
the EAX contents in different wheat varieties. The results
reflect similar pattern as TAX contents found to have
highly significant correlation with each other. The EAX
was found to range between 6.8 to 9.0 mg/g (X = 7.87
mg/g) irrespective of variety, year and location. Average
maximum and minimum EAX levels of 8.3 and 7.4 mg/g
were found in L-1 and L-2, respectively. Average
maximum EAX contents ranged between 8.8 and 9.0mg/g
in varieties Moomal, Imdad, SKD 1 and Anmol,. Whereas
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varieties TD 1, Abadghar and Mehran showed values
between 6.8 to 7.6 mg/g and the variety TJ 83 showed the
lowest level (5.9 mg/g). The variation within the variety
irrespective of location and crop year were found to be
minimum in Imdad and Mehran (3 and 4%) and
maximum in Anmol and Moomal with values of 13.4 and
12.7 percent, respectively. The mean CV between the
varieties and within the varieties was found to be 15.6 and
7.29 percent, respectively. The EAX level ranging from
4.75 to 9.19 mg/g in the twenty five wheat cultivars
grown in USA under different conditions (Li et al., 2009).
Another investigations recorded EAX in spring wheat in a
range between 6.9 and 12.1 g/Kg (Saeed et al., 2011).

Water unextractable arabinoxylan (UAX): The
analysis of samples showed that UAX constitutes major
portion of TAX. UAX fraction was approximately 7
times higher than EAX which is inline with the findings
of (Finnie et al., 2006). Both AX components exhibited
a highly significant correlation (#=0.899**). Average
maximum and minimum levels, irrespective of variety,
crop year or location, were found to be 67.5 and 39.9
mg/g (Table 6). Like TAX, the maximum quantities of
UAX were found in varieties grown in L-2 followed by
L-3. Three varieties showed UAX levels less than 50.0
mg/g. The CV values between the varieties and within
the varieties ranged from 8.6 to 16.1% ( X =13.56%) and
2.2 t0 11.5% ( X =6.39%), respectively.

Percent EAX in TAX and EAX/UAX ratio: Figure 1
summarizes the statistics of percent EAX in TAX and
EAX/UAX across the locations and crop years. The
percent EAX in TAX was not dependent on TAX as it was
weakly related with the quantity of TAX in wheat. The
EAX fraction in AX ranged from 12.1 to 13.8%. The
EAX as a component of TAX was upto 30% in wheat
(Faurot et al., 1995). Higher molecular EAX component
in TAX contributed to the desired dough processing
properties for bread making quality attributes of wheat
(Goesaert et al., 2005; Courtin & Delcour, 2002).
EAX/UAX ratio (also termed as extractability ratio of AX
narrowly ranged from 0.14 to 0.17. It remained almost
same across three locations and crop years. The
EAX/UAX did not affected by AX levels as the ratio was
weakly related with TAX (#=0.39) and UAX (+=0.33).
Other workers have also recorded that the EAX/UAX was
independent of TAX level (Ciccoritti et al, 2011,
Lempereur et al., 1997).

Effects of variety, location and year on AX levels of
wheat: The ANOVA model explained total variations of
58-96% in AX contents, %EAX in TAX and EAX/UAX
in wheat due to effect of Variety (V), Location (L),
harvest Year (hY) and their interactions (Table 7). TAX,
EAX and UAX varied significantly (p<0.001) by variety
and location. The magnitude of variation in terms of F-
value for variety was 2-folds and ~1.4-folds greater than
location for TAX & UAX and EAX respectively. Some
workers reported climatic conditions as the main
variance factor for EAX (Li et al., 2009). Others have
recorded the genotype as the primary source of variation
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(Dornez et al., 2008; Finnie et al., 2006). In the present
study, TAX, EAX and UAX contents varied
insignificantly by the crop year. The effects of V x L
and V x hY were significant for TAX, EAX and UAX. A
previous investigation (Dornez et al., 2008) also
reported the insignificant effect of crop year, but a
significant influence of genotype x crop year for TAX.
The present results are in line with the findings of the
study. However, a significant variation was observed in
rye by some other workers on account of the crop year
for EAX (Hansen et al., 2003). Different results for
variation due to crop year can be attributed to the
possible adoption of various agronomic practices during
different harvest years, however it requires further
studies. Climate condition’s interaction with agricultural
inputs and soil characteristics deliberate the variations in
AX levels (Gebruers et al., 2010). Crop year is an
important factor to entail the variations in their genotype
lines. Significant variations were identified in TAX and
UAX due to L x hY interaction, while it was found to be
insignificant for EAX. The TAX, EAX and UAX varied
significantly due to interacting effects of V x L x hY but
EAX variation was found at a lower significant level i.e.
at p<0.01. Although significant but the influence of V x
L x hY component was found lower than the individual
effects of variety and location.

Variety and V x L showed a significant impact on
percent EAX in TAX and EAX/UAX ratios. It showed an
insignificant variation due to Location, V x hY and V x L x
hY. In contrast to these results, more significant influence
of environmental conditions on quantity of EAX in TAX
than genotypic effect was observed for winter and spring
wheats (Li et al., 2009). Effect of individual sources was
much higher than the effect of interactions on AX levels.
Variance ratios of variety-to-location (> V/ ¢ L) were 1.7,
4.6 and 1.9 for UAX, EAX and TAX, respectively. The
variance ratio of 4.9 for EAX and 4.4 for TAX was
recorded (Lempereur et al., 1997). Genotypic variance
ratios (62 V/ 62 V+621+ 62 Vx L) were 0.66, 0.82 and
0.63 for TAX, EAX and UAX, respectively. Variation in
AX levels due to variety and location are shown in Fig. 2.
The Figure indicates that variety is the major variance
contributor to EAX, TAX and UAX contents. Percent EAX
in TAX and EAX/UAX ratio showed approx ~ 97%
variations due to the varietal effect.

Varietal differences: Duncan’s test was performed to
figure out the average separation of AX contents among
different varieties and locations (Fig. 3). The variety TJ 83
was significantly different in terms of TAX, EAX and UAX
contents amongst all other varieties. The higher AX levels
were found in SKD 1 followed by Anmol and Imdad with
insignificant (p>0.05) difference amongst each other.
Variation in EAX fractions due to the genotype effect was
reported previously (Li ef al., 2009; Saulnier ef al., 2007).
The variability due to variety in TAX have also been
recorded in durum wheat varieties (Ciccoritti ef al., 2011;
Lempereur ef al., 1997). The variability of EAX levels was
lower in common wheat as compared to durum wheat
(Turner et al., 2008). Variety influences the UAX contents
in wheat (Ramseyer et al., 2011).
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ARABINOXYLANS OF HARD WHEAT CULTIVARS 1899
Table 7. ANOVA of arabinoxylan contents (TAX, EAX and UAX) in meals of different wheat varieties.
Source TAX EAX UAX % EAX of TAX EAX/UAX
R’ 0.96 0.89 0.96 0.58 0.59
Corrected Model 44 277x** 15.93%#* 43.20%%* 2.78%** 2.89%**
Variety 308.96%** 118.16%** 205.32%** 15.24%** 16.32%%*
Location 221.27%** 55.31%** 225.99%** 0.03 0.06
Year 1.38 0.98 1.26 0.35 0.58
Variety x Location 12.24%%% 5.83%x* 11.85%** 2.69%* 2.79%**
Variety x Year 10.45%%* 2.63%* 11.05%** 1.04 0.96
Location x Year 5.66%** 2.01 5.78%** 0.94 1.11
Variety x Location x Year 6.95%** 2.31%* 7.19%** 1.23 1.16

*= p<0.05; **= p<0.01; and ***= p<0.001

UAX = Water-unextractable arabinoxylans; EAX = Water-extractable arabinoxylans; TAX = Total arabinoxylans

Table 8. Correlation between arabinoxylan parameters and weather conditions.

| TAX EAX UAX | % EAXin TAX | EAX/UAX ratio
1) Crop year
Temp max -0.308 -0.281 -0.306 0.063 0.044
Temp min 0.711* 0.684* 0.7178* 0.042 0.016
Temp mean 0.477 0.465 0.484 0.058 0.03
Precipitation 0.313 0.305 0.309 0.044 0.054
Humidity at 000 -0.269 -0.211 -0.275 0.254 0.218
Humidity at 1200 -0.186 -0.197 -0.186 -0.112 -0.144
Humidity Average 0.653 0.679* 0.647 0.336 0.28
b) Heading to harvest span
Temp max -0.673* -0.671* -0.677* -0.189 -0.145
Temp min 0.426 0.398 0.426 -0.038 0.028
Temp mean -0.012 -0.034 -0.014 -0.133 -0.055
Precipitation -0.008 -0.086 0.008 -0.466 -0.463
Humidity at 000 0.077 0.114 0.084 0.245 0.249
Humidity at 1200 0.164 0.182 0.163 0.154 0.1179
Humidity Average 0.172 0.2 0.173 0.225 0.1942
* Significant at p<0.05
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Fig. 2. Effect of variety and location in variation of AX contents in wheat.

Cropping locations: Figure 3 also shows that AX
contents are significantly (p<0.05) different across the 3
cropping locations. Performance of varieties in terms of
AX levels were found better in L-2, followed by L-3 and
L-1. The location differences in EAX contents of barley
have previously been reported (Mikyska et al, 2002;
Holtekjolen et al., 2006). The variation in UAX levels due
to environmental conditions had also been recorded for
durum wheat (Ciccoritti ef al., 2011).

Effects of weather conditions on AX contents of
wheat: Table 2. shows that weather in crop producing
areas was dry and irrigation was the main source of
water. Minimum temperature during crop year was
significantly and positively correlated with the AX
contents, while the maximum temperature throughout
heading-harvest had a negative relationship with AX
levels (Table 8). Average temperature recorded during
crop year had moderate positive effect on AX level in



1900

wheat. EAX negatively correlated with average
temperature throughout heading-harvest (Shewry et al.,
2010). They found these relationships in winter wheat at
near to harvest temperatures range ~10 between 25°C. In
present study, the average temperature across heading to
harvest had no relationship with any of the AX
component. Differences in temperature values, nature of
samples and wheat fractions would be the possible
reasons of differences in findings of studies.

Average precipitation across heading to harvest had
moderately inverse correlation with percent EAX in
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TAX and EAX/UAX ratio. Earlier report by Li et al.,
(2009) has also indicated an inverse correlation of
rainfall with EAX content and the level of EAX in TAX.
Other researchers recorded positive relationship of
rainfall with TAX (Ciccoritti et al., 2011; Li et al., 2009)
and EAX (Dornez et al., 2008). The quantity of AX
fractions showed direct relationship with average RH
across crop year. But none of the RH values across
heading-harvest influenced the AX levels. This shows
that the increased accumulation of AX may be observed
in high humidity during early growth period of the crop.
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Fig. 3. Varietal and location wise differences in arabinoxylan contents in wheat.
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Conclusions

Wheat varieties tested have a wide range of total AX
(TAX) levels between 46.3 to 77.8 mg/g. The EAX and
UAX were found to range between 5.5 to 10.7 mg/g and
399 to 67.5 mg/g respectively. The coefficient of
variance (CV) in AX contents between the varieties was
found to be almost double to that within the varieties.
This clearly indicates that genotype is a main source of
variation for AX contents of wheat than location and
crop year. The extractability ratio (EAX/UAX) and
percent EAX in TAX fluctuated marginally in various
varieties and was found to be independent to the amount
of AX in wheat meal. Statistically wheat variety,
location and their interactions showed a strong influence
on AX contents. The varietal differences played a key
function to determine the levels of AX in wheat meal
and percent EAX in TAX and EAX/UAX ratio. The
impact of individual components was much larger than
the interaction influence. Crop year was found to be an
insignificant source of variation for AX levels.

The weather conditions at the cultivation sites were
generally dry with less precipitation. Slightly significant
positive influence of minimum temperature and
humidity was found in tabulations carried out across the
year. While, the maximum temperature and precipitation
were found to be correlated negatively with the AX
contents across the heading to harvest span of the crop.
There is a need to further investigate the environmental
influence on AX contents by designing large studies
encompassing many types of agro-ecological conditions.

These results may likely add up to the information
to increase our understanding of the role of different
factors that influence the levels of AX in different wheat
varieties. The information on the AX contents, combined
with the agronomic response of wheat varieties, may
inform the millers and processors about the likely
quality of the wheat products. The determination of AX
levels can be better utilized for end-use and higher
content varieties may gain a premium value in trade. The
knowledge of the exact role of genotypic variation in
determining AX contents can be instrumental to
motivate the breeders to work on the wheat varieties
with high AX contents.
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