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Abstract: To impart sustainability to modern intensive farming systems, environmental pollution
caused by nitrogenous fertilizers in needs to be reduced by optimizing their doses. To estimate the
grain yield and nutrtional quallity of wheat, the normalized difference vegetation index (NDVI) and
chlorophyll content (SPAD) are potential screening tools to identify the N deficiency and screen out
the promising cultivars. The two-year field study was comprised with five levels of nitrogen (N)
(control, 50, 100, 150 and 200 kg N ha~!) and two durum wheat genotypes (Sena and Svevo). The
experimental design was split-plot, in which N levels were placed in the main plots, while wheat
genotypes were arranged in sub-plots. To predict the yield and quality traits, the NDVI and SPAD
values recorded at heading, anthesis and milky growth stages were taken as the response variables.
The results revealed that N fertilization significantly influenced the SPAD and NDVI attributed traits
of durum wheat, except NDVI at milky stage (NDVI-M) during the first year. The maximum value
of NDVI was recorded by 150 kg N ha~!, while control treatment gave the minimum value. The
grain yield was increased with the increasing dose of the N up to 100 kg N ha=! (4121 kg ha™1),
and thereafter, it was declined with further increased of N levels. However, the variation between
genotypes was not significant, except NDVI and SPAD values at the milky stage. The genotype Svevo
had the highest NDVI values at all growth stages, while the genotype Sena recorded the maximum
SPAD values during both years. Similarly, the N levels significantly influenced the quality traits
(protein, wet gluten, starch test weight and Zeleny sedimentation) of both genotypes. The highly
significant relationship of SPAD and NDVI with the grain yield and yield attributes showed their
reliability as indicators for determining the N deficiency and selection of superior wheat genotypes
for ensuring food security under climate change scenario.

Keywords: chlorophyll; wheat genotypes; grain yield; milky grain stage; nutritional quality

1. Introduction

Globally, wheat (Triticum aestivum L.) production is needed to be boosted by over
40% in next two decades for fulfilling the food demand of growing population [1-3].
Since cultivable land area under wheat is difficult to be increased owing to expanding
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urbanization, thus increasing grain production per unit area constitutes the best way for
meeting the food and nutritional security [4-6]. Wheat along with corn and rice, contributes
over 51% of caloric intake across the globe [7]. Therefore, wheat is the third largest cereal
after the maize and rice. Wheat is being grown in all habitatable continents because of
its adaptation to vast range of climate, elevation and soil characteristics. Durum wheat
is a distinct type of tetraploid wheat which is broadly utilized to make pasta, couscous,
bourghul, puddings and bread [8].

Durum wheat is more adaptable to semi-arid climate compared to bread wheat. De-
spite its versatile use and adaptability to various agro-environments, considerable research
gap exists regarding identification of most promising genotypes of durum wheat. In ad-
dition, research-based adoption of genetic and agronomic modifications could be a good
option to exploit the full yield potential of the crop. To develop the most productive technol-
ogy package for durum wheat, the interactive relationship of genotype, soil characteristics
and climate must be investigated in cohesion [9].

In addition to genotypes, soil fertility is one of the key factors which determines the
grain yield and nutritional quality of wheat under varying agro-ecological conditions.
Primary mineral nutrients (nitrogen, phosphorous and potassium) are the most vital
components of soil fertility and their deficiency causes serious decline in grain yield leading
to jeopardizing the food security and diminishing the economic turnouts of growers [10].
Nitrogen (N) is one of the important plant nutrients which plays a crucial role in vegetative
growth and grain yield of wheat [11-14]. The N fertilizer has been recorded as the largest
input cost owing to higher plant needs and increasing prices [15], thus optimization of
N fertilization is of great importance in order to reduce cost of production and increase
profitability. In semi-arid regions, wheat is adversely influenced by the N deficiency
causing nutritional stress, reduced leaf chlorophyll content and grain yield [16]. In order to
achieve higher yield of wheat, optimal quantity of N must be supplied to ensure vigorous
yield attributes including number of tillers and grains per spike along with number and
grain weight per spike [17,18].

The use of spectral reflectance indices (SRI) such as the normalized difference vegeta-
tion index (NDVI) and chlorophyll index (SPAD) are reliable the indicators to determine
N status of crop plants [19,20]. The SRI are numerical indicators that use either specific
wavelengths or electromagnetic spectrum bands to quantitatively link changes in reflected
spectrum with respect to physiological variables of plants [21]. The NDVI data have
been used to track crop conditions and predict grain yield under varying agro-climatic
conditions [22-26]. Total dry matter (TDM) and leaf area index (LAI) estimations in the
red and near-infrared spectral regions can be effectively evaluated by vegetative indices
such as NDVI and simple ratio. The NDVI measures the amount of green vegetation in an
area [27]. However, the improvement of algorithms that determine the N dose to be applied
at variable rates based on different vegetation indices assessed by the canopy sensors, such
as the NDVI, which requires these sensors as a tool in N management. Some wavelengths
of reflection are used to determine the chlorophyll content. The chlorophyll content of
the leaf can be directly measured by several reliable instruments. The most popular of
which is the portable SPAD meter because it is user-friendly and non-destructive. The
SPAD and Green-Seeker have integrated light sources (active sensors), which are used in
all conditions.

Along with grain yield, N fertilization acquires pivotal position in boosting the quality
traits of wheat [28,29]. consequently, improving N management through dose optimization
by increasing N use efficiency directing to better productivity, while minimizing environ-
mental pollution has to be handled smartly [30]. The NDVI value has been established as
reliable indicator to determine N status of various cereal crop plants [31] and grains [32].
The SPAD chlorophyll meter was largely used in rice and wheat to identify crop N sta-
tus [33,34]. Thus, the NDVI and SPAD indices have great potential to optimize N use
efficiency leading to enhance the productivity of wheat.
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Unfortunately, no specific research regarding the NDVI and SPAD indices for nitrogen
use efficiency and increase wheat yield has been conducted and discussed elaborately.
Hence, we hypothesized that wheat cultivars respond differently to various N levels and
N dose optimization may be done using NDVI and SPAD values. Therefore, the study was
carried out to determine the correlation between the NDVI and the chlorophyll content
(SPAD) with yield and quality parameters of durum wheat cultivars at different N levels
with dual objectives to determine the best performing wheat cultivar and N dose.

2. Materials and Methods
2.1. Location of the Experiment

Experiments have been performed in the field area of Dicle University, Diyarbakir,
Turkey (37.53' N, 40.1" E, 670 m above sea level) under rain-fed conditions during two
consecutive wheat growing seasons (20162017 and 2017-2018).

2.2. Agro-Climatic Conditions of Growing Seasons

The weather data (temperature and precipitation) were recorded during crop growth
periods in both years (Figure 1). The total amount of precipitation was found similar during
both wheat growing seasons. However, precipitation decreased in March (11.6 mm) and
April (48.8 mm) in the second year compared to the first year, which is important for plant
growth and development. Physical and chemical soil properties of the experimental field
are shown in Table 1.
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Figure 1. Meteorological variables during the wheat growing seasons during 2016-2017 and 2017-2018.

Table 1. Physical and chemical properties in rooting depth of experimental soils.

Depth Saturation Soil H EC CaCO; (%) Organic Matter Total N Contents K,O P,05
(cm) (%) Texture 4 (ds/m) 3 Content (%) (kg ha-1) (kg ha™1) (kg ha=1)
0-20 66 Clayey 7.5 0.114 10.04 0.63 111.9 1440 20

20-40 65 Clayey 7.6 0.128 11.02 0.81 78.3 1660 12.6

2.3. Experimental Treatments and Design

Treatments included five levels of nitrogen (N) viz., control (no N applied), 50 kg N ha~?,

100 kg N ha~!, 150 kg N ha!

and 200 kg N ha~!, and two durum wheat genotypes

viz., “Sena” and “Svevo” were used as planting materials. The factors were arranged in a
split-plot design and repeated four times, where N doses and genotypes were represented

in main plots, sub-plots, respectively.
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2.4. Experimental Procedures

The plot size was adjusted as 4.8 m? (4 m x 1.2 m) for each treatment. The plots
were separated by 1m bunds, and the treatment block-to-block distance was 2 m. Seed
of two durum wheat genotypes were sown at the rate of 500 seed m 2. Phosphorus (as
triple superphosphate) was applied at 60 kg ha~!. Whole N according to the treatment
specification and phosphorus fertilizer were applied at sowing time.

2.5. Data Ccollection and Analysis

Plant height, spike length, spikelets spike !, kernels spike~!, 1000-kernel weight, and
grain yield were recorded for each plot. Grain yield (kg ha~!) was determined after harvest-
ing of plots by Hege 140 plot combine. Some grain quality parameters such as protein, wet
gluten, starch, test weight, and Zeleny sedimentation of both genotypes were determined
indirectly using NIT System Infratec 1241 Grain Analyzer (Foss, Hillerod, Denmark).

Minolta 502 SPAD chlorophyll meter was used to determine the leaf chlorophyll
contents at heading stage. The NDVI was measured using a portable N tech “Trimple
Greenseeker” NDVI meter at three different stages (heading, anthesis and milky stages).
Measurements were taken horizontally across the plot for at least 5 s to see the middle
row in the plot to avoid border effects. NDVI and SPAD readings were taken from 11:00 h
to 14:00 h at still environment (without wind) under stable and clear sky to prevent data
fluctuation in leaf and within canopy.

2.6. Data Analysis

The data obtained from all investigated traits were subjected to ANOVA using J]MP
10 package program. All data were analyzed according to randomized split plot design.
The differences among nitrogen levels and genotypes were tested by the Least Significant
Differences (LSD) method at 5% probability level to determine their significance.

3. Results and Discussion
3.1. Effects of N Fertilization on SPAD and NDVI Values

Nitrogen fertilization levels significantly influenced the NDVI and SPAD values of
durum wheat, except for NDVI at milky stages (NDVI-M) in the first year (Table 2). Overall,
better results were observed for 150 and 200 N kg ha~! treatments. The tested cultivars
showed significant differences in SPAD values during both years, and NDVI-M in the
first year (Table 3). The highest values of NDVI were in 150 N kg ha~—!, while 50 N kg
ha~! recorded the minimum values of NDVI-H during first season and NDVI-M during
both seasons and control treatment gave the least values of NDVI-A during both seasons
(Table 2). The genotype “Sena” produced higher SPAD during both years, whereas “Svevo”
produced higher NDVI-M in the first year. Furthermore, N rates x cultivar interaction effect
was not significant for SPAD and NDVI of durum wheat (Table 3).

Table 2. Significant interactions and means of SPAD and NDVI traits of durum wheat influenced by N rates in two years

(2016-2017 to 2017-2018).

Rates of Nitrogen 2016-2017 2017-2018

(kg ha—1) SPAD NDVIH NDVI-A NDVI-M SPAD NDVI-H NDVI-A NDVI-M

Control 52.3 0.63 0.49 0.38 449 0.48 0.36 0.30

50 50.5 0.59 0.51 0.33 49.0 0.51 0.45 0.34

100 523 0.64 0.52 0.33 50.1 0.49 0.42 0.33

150 52.8 0.66 0.56 0.34 50.9 0.59 0.49 0.38

200 54.9 0.66 0.56 0.34 50.8 0.56 0.47 0.35

CV (%) 5.16 7.17 8.51 21.24 5.54 10.19 10.41 10.04

Prob. levels * * * ns * * ** **
LSD (5%) 2.80 0.05 0.05 ns 2.79 0.08 0.04 0.03

* 5% level of significance; ** 1% level of significance; ns: not significant. SPAD (Chlorophyll content) NDVI-H: NDVI at heading stage,
NDVI-A: NDVI at anthesis stage, NDVI-M: NDVI at milky stage, CV: coefficient of variation, LSD: least significant differences.
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Table 3. Significant interactions and means of SPAD and NDVI traits of durum wheat as influenced by the interaction of
cultivars and N rates in two years (2016-2017 to 2017-2018).

2016-2017 2017-2018
Rate(skofl‘ll\litlrfgen SPAD NDVI-H NDVI-A NDVI-M SPAD NDVI-H NDVI-A NDVI-M
g ha™
G1 G2 G1 G2 G1 G2 G1 G2 G1 G2 G1 G2 G1 G2 G1 G2
Control 53.5 51.2 0.61 0.64 046 0.52 0.33 0.43 46.1 43.8 0.47 0.50 0.37 0.37 0.28 0.31
50 51.1 499 0.59 0.59 048 053 0.28 0.38 50.0 48.0 0.51 0.50 0.43 0.47 0.34 0.35
100 53.4 51.2 0.61 0.65 049 054 0.31 0.35 50.4 499 0.44 0.54 0.41 0.43 0.31 0.35
150 53.9 51.5 0.65 0.67 057 0.54 0.31 0.37 52.4 49.3 0.58 0.60 0.49 0.48 0.36 0.39
200 55.4 54.3 0.65 0.66 0.55 0.56 0.28 0.39 52.3 49.2 0.60 0.53 0.50 0.44 0.36 0.34
Mean 5352 51.6° 0.63 0.65 0.51 0.54 0.30° 0.38° 5022 48.0° 0.52 0.53 0.44 0.44 0.33 0.35
CV (%) 4.92 6.57 8.13 143 4.12 10.15 10.4 7.76
Prob. levels ns ns ns ns ns ns ns ns
LSD (5%) ns ns ns ns ns ns ns ns

G1: “Sena”; G2: “Svevo”; NDVI-H: NDVI at the heading stage, NDVI-A: NDVI at anthesis stage, NDVI-M: NDVI at milky stage; ns:
non-significant, CV: coefficient of variation, LSD: least significant differences. Between genotype means followed by the same letter are not
significantly different.

In the second year of the study, inadequate precipitation during the heading stage
triggered a decrease in leaf chlorophyll resulting lower NDVI and SPAD values. Similar
to our findings, decreased NDVI values to 0.3 units and decreased absorption rates of
photosynthetically active radiation during the grain filling stage under drought stress have
been previously reported [35]. The NDVI score reached up to 0.4 units, showing the robust
crop canopy as green leaves under optimal environments led to higher vegetative growth
as well as dry matter accumulation [36]. The relationship between the biomass production
and NDVI at the reproductive stage has been reported but with less details at the early
growth stages of the crop. The progression of the NDVI score showed improved values
at before grain filling initiation and the maximum NDVI at milky-grain stage and then
decreased with progression to maturity [37]. Biomass and grain production have been
closely related to each other. Bands of low N and low chlorophyll have higher reflection in
the visible electromagnetic spectrum region (400-700 nm), and a lower reflectance in the
near-infrared region, resulting a decreased NDVI values [18,38].

3.2. Effects of N Fertilization on the Growth, Grain Yield and Yield

Due to N fertilization, spikelets per spike (SS), thousand kernel weight (TKW), test
weight (TW) and grain yield (GY) showed a significant difference in the first year, whereas
only the plant height (PH) and TW exhibited a significant change in the second year
(Tables 4 and 5). Interaction of cultivar and N treatment had no significant effect on durum
wheat growth and yield characteristics except TKW in the first year (Tables 6 and 7).

Table 4. Significant interactions and means of growth and yield contributing traits of durum wheat influenced by N rates in
two years (20162017 to 2017-2018).

Rates of Nitrogen 2016-2017 2017-2018
(kgha™1) PH (cm) SL (cm) SS KNS PH (cm) SL (cm) Ss KNS
Control 83.2 6.24 16.8 40.5 45.6 5.03 144 20.9
50 83.7 6.33 17.3 39.0 445 5.25 14.3 19.1
100 86.6 6.72 17.6 41.0 46.1 5.41 14.1 19.6
150 84.9 6.50 17.6 39.1 48.2 5.28 14.7 17.5
200 85.2 6.75 18 41.2 47.7 5.37 14.8 21.7
CV (%) 3.71 6.62 4.23 12.42 4.92 10.73 4.74 19.6
Prob. levels ns ns * ns * ns ns ns
LSD (5%) ns ns 0.76 ns 2.35 ns ns ns

PH: plant height, SL: spike length, SS: spikelets per spike, KNS: kernel number per spike; * 5% level of significance; ** 1% level of
significance; ns: not significant, CV: coefficient of variation, LSD: least significant differences.
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Table 5. Significant interactions and means of thousand kernel weight (TKW), test weight (TW) and grain yield (GY) of
durum wheat influenced by N rates in two years (2016-2017 to 2017-2018).

Rates of Nitrogen 2016-2017 2017-2018
(kg ha=1) TKW(g) TW (kg) GY (kg/ha) TWK (g) TW (kg) GY (kg ha1)

Control 37.7 834 3394 324 79.5 1891

50 35.5 82.6 3744 325 78.7 1642

100 33.7 82.0 4121 327 782 1739

150 32.8 80.8 3917 325 77.8 1758

200 319 79.9 3747 324 772 1830

CV (%) 5.93 2.12 14.11 497 0.7 9.64
Prob. levels ok ** * ns ek ns
LSD (5%) 2.10 1.78 54.42 ns 0.57 ns

* 5% level of significance; ** 1% level of significance; *** 0.1% level of significance. ns: not significant, CV: coefficient of variation, LSD: least
significant differences.

Table 6. Significant interactions and means of growth and yield contributing traits of durum as influenced by cultivars and
N rate interaction in two years (2016-2017 to 2017-2018).

2016-2017 2017-2018
Ra‘e(SkOflllV“f)Oge“ PH (cm) SL (cm) ss KNS PH (cm) SL (cm) ss KNS
g ha™
G1 G2 G1 G2 G1 G2 G1 G2 G1 G2 G1 G2 G1 G2 G1 G2
Control 77.3 89.0 6.7 5.8 17.4 16.3 415 394 422 489 5.1 5.0 14.1 147 20.7 21.1
50 80.4 86.9 6.4 6.3 17.5 171 388 392 425 46.5 54 5.1 144 142 19.0 19.1
100 82.9 90.2 6.8 6.7 17.8 17.4 428 39.1 43.4 48.7 59 5.0 14.3 13.9 18.6 20.5
150 82.1 87.7 7.1 5.9 18.6 16.7 436 389 44.5 52.0 54 5.2 149 14.5 15.8 19.2
200 84.2 86.3 7.0 6.5 18.3 17.7 346 435 444 51.0 5.6 52 15.0 145 20.4 23.0
Mean 81.4° 88.02 6.82 620 1792 17.0b 403 400 434P 49472 5.5 5.1 145 143 189°P 20.6?
CV (%) 4.63 5.96 5 10.5 3.92 10.6 4.0 17.8
Prob. levels ns ns ns ns ns ns ns ns
LSD(5%) ns ns ns ns ns ns ns ns

G1—"Sena”; G2—"Svevo”; PH: plant height, SL: spike length, SS: spikelets per spike, KNS: kernel number per spike; ns: not significant. CV:
coefficient of variation, LSD: least significant differences. Between genotype means followed by the same letter are not significantly different.

Table 7. Significant interactions and means of thousand kernel weight (TKW), test weight (TW) and grain yield (GY) of
durum wheat grains influenced by cultivars and Cultivar x N Rate interaction.

2016-2017 2017-2018
Rate(skofli\liflr;lgen TKW (g) TW (kg) GY (kg ha-1) TWK (g) TW (kg) GY (kg ha-1)
g ha~
G1 G2 G1 G2 G1 G2 G1 G2 G1 G2 G1 G2
Control 35.2 40.2 83.3 83.5 3525 3263 32.0 32.8 783 80.7 1929 1852
50 34.1 36.9 83.2 82.0 3724 3764 30.7 343 78.1 79.3 1537 1746
100 33.4 34.1 81.5 82.5 4335 3907 31.4 33.9 77.7 78.8 1711 1767
150 31.1 34.6 80.0 81.6 4027 3806 30.4 34.6 77.4 78.2 1624 1892
200 309 32.8 79.7 80.1 4253 3241 30.8 34 76.7 77.8 1794 1865
Mean 329°P 3573 81.5 82.0 39722 3596 b 31.1b 3402 77.6° 79.02 1720 1825
CV (%) 6.72 246 15.6 37 1.0 9.3
Prob. levels * ns ns ns ns ns
LSD (5%) 2.1 ns ns ns ns ns

* 5% level of significance. G1—"Sena”; G2—"Svevo”; ns: non-significant, CV: coefficient of variation, LSD: least significant differences.
Between genotype means followed by the same letter are not significantly different.

The high TWK and TW in the control during the first year may be due to the low SS,
SL and KNS. In addition, the low number of spikes per square meter in the control may
have caused a decrease in the total number of grains by affecting the decrease in yield and
caused an increase in TWK and TW.

The results revealed that the genotype “Svevo” produced taller plant during both
years, whereas “Sena” produced the longer spikes and greater spikelets per spike in the first
year. During both years, the highest thousand kernel weight and test weight values were
registered for 50 kg N ha~!. N applications substantially increased the grain yield in the
first year. However, the grain yield increased along with the increase of N application up
to 100 kg N ha~?!, and thereafter yield declined with increasing N doses for both cultivars.
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The highest grain yield (4121 kg ha~!) was recorded by 100 kg N ha~! treatment while
other treatments remained suboptimal during both seasons. This might be due to more
N application caused more vegetative growth (more succulent leaves and taller stems),
which delayed the reproductive growth and ultimately led to suboptimal reproductive
yield attributes. However, this trend was not significant in the second year. In earlier
study, Wysocki et al. [39] concluded that N supplement increased the protein content
cells, and increased the size of the plant cell which led to higher photosynthesis rate and
ultimately taller plants were witnessed. Nourmohammadi et al. [40] indicated that more N
absorption in the plants caused high spike production per unit area, enhanced vegetative
growth and tiller improvement. The application of N fertilizer in higher doses decreased
the chance of grain development deteriorating number of spikes leading to lower grain
yield [41]. The suboptimally higher doses of N rate (240 kg ha~!) influenced reproductive
yield characteristics adversely, resulting in decline of grain yield. When 240 kg N ha~! was
applied over vegetative growth stages, the maximum grain yield was achieved compared
to other higher N doses [29]. Similarly, N doses of 240-360 kg ha~! had no significant
impact on yield attributes and grain yield indicating the need of N dose optimization as
per genetic potential of the specific cultivars [42]. Belete et al. [43] reported that the N
use efficiency was decreased with the increasing rate of N beyond 120 kg ha~! and it was
suggested that different genotypes responded differently to varying levels of N fertilizers.
Moreover, N fertilization levels influenced tillering and grain filling capacity of wheat
genotypes under semi-arid climate [29]. The doses of the N fertilizer significantly increased
the N use efficiency, agronomic and physiological efficiency in wheat [44] showing overall
the impacts on growth, yield and yield attributed characteristics.

3.3. Effects of N Fertilization on the Quality Traits of Durum Wheat

All the quality characteristics of durum wheat were greatly influenced by the N
application rate in both years (Table 8). Increased protein content due to increased doses
of N can result from the accumulation of excess N in the grain. The lowest grain protein
content was estimated in control plot with no N fertilization, which might be due to the
less N present in soil and thereby less N take by the grain. A similar pattern observed in
the second year (Table 8). The highest wet gluten and Zeleny sedimentation were obtained
in 200 N kg ha~! treatment, while the highest starch content was obtained in 50 N kg ha~!
treatment in both years (Table 8). With respect to quality characteristics, there was no
major interaction between the cultivar and the N application rate except for wet gluten and
Zeleny sedimentation in the first year (Table 9). Nitrogen application improved wheat grain
yield with higher carbohydrate contents in high yielding wheat cultivars while quality
characteristics such as grain minerals, gluten fractions, and polyphenols were recorded in
low yielding cultivars [45] showing genotype dependent quality characteristics.

Table 8. Significant interactions and means of quality traits of durum wheat influenced by N rates in two years (2016-2017

to 2017-2018).

Rates of Nitrogen. 2016-2017 2017-2018
(kg ha=1) PC (%) SC (%) WG (%) ZS (mL) PC (%) SC (%) WG (%) ZS (mL)
Control 13.0 63.0 28.7 43.1 16.6 60.6 40.9 59.1
50 14.0 62.7 30.5 4538 18.0 59.3 448 67.5
100 15.2 62.3 32.1 497 18.3 58.6 46.4 69.4
150 16.3 62.2 33.4 50.9 18.4 58.6 46.4 69.9
200 17.1 62.0 34.1 51.2 18.7 58.3 47.1 70.8
CV (%) 8.02 0.85 481 8.81 1.87 11.44 221 3.45
Prob. levels b A% e *k otk - otk s
LSD (5%) 1.25 0.32 1.58 438 0.35 0.69 1.03 2.40

PC: protein content, SC: starch content, WG: wet gluten, ZS: Zeleny sedimentation; ** 1% level of significance; *** 0.1% level of significant,
CV: coefficient of variation, LSD: least significant differences.
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Table 9. Significant interactions and means of quality traits of durum wheat grains influenced by cultivars and N rate interaction in
two years (20162017 to 2017-2018).

2016-2017 2017-2018
Rates of itiopen PC (%) SC (%) WG (%) ZS (mL) PC (%) SC (%) WG (%) ZS (mL)
g ha™
G1 G2 G1 G2 G1 G2 G1 G2 G1 G2 G1 G2 G1 G2 G1 G2
Control 126 134 63.4 62.7 280 294 408 453 15.9 17.3 60.8 60.4 38.9 42.8 53.1 65.2
50 13.0 15.0 63.2 62.3 293 31.7 419 498 16.9 19.0 60.0 58.7 41.8 47.8 61.8 73.2
100 14.0 16.4 62.9 61.7 304 337 482 512 17.3 19.3 59.2 58.0 44.6 48.3 64.8 73.9
150 16.0 16.7 62.5 61.9 335 333 511 507 17.5 194 58.5 58.8 445 48.3 65.6 74.1
200 16.9 17.3 62.1 61.8 4.1 342 512 512 17.9 19.6 58.9 57.7 45.7 48.5 67.5 74.1
Mean 14.5 15.7 62.82 62.1° 31.1 325 466 49.6 17.1b 1892 59.54 58.7b 431° 4712 62.6° 7212
CV (%) 5.5 0.04 3.65 5.69 1.7 124 21.0 20.1
Prob. levels ns ns * * ns ns ns ns
LSD (5%) ns ns 1.24 293 ns ns ns ns

* 5% level of significance. G1—"Sena”; G2—"Svevo”; PC: protein content, SC: starch content, WG: wet gluten, ZS: Zeleny sedimentation,
ns: non-significant, CV: coefficient of variation, LSD: least significant differences. Between genotype means followed by the same letter are

not significantly different.

In this experiment, the wheat protein content increased with the rise in N rates from
50-200 kg N ha~! which might be attributed to higher accumulation of dry matter and
amino acids, which led to the increment of protein content. Our findings are consistent
with the results of Zhang et al. [46], who reported that adequate application of N signifi-
cantly increased the protein content in winter wheat, and also inferred that grain protein
content was dependent on the genotype. However, N application rates with environmental
considisions such as access to water and temperature occurring primarily at grain filling
period have also been described as pivotal factors for boosting quality of the wheat [47,48].
In the current study, the seed gluten followed a similar development as of the protein
content (Table 8), showing all N levels significantly improved the seed gluten content in
wheat. Thus, application of N is vital in improving the seed quality parameters of wheat.
The protein structure of wheat grain is influenced by the genotypes and plays a key role in
quality characteristics of bakery products [49]. Previous research has shown that the late
application of N improves the grain protein content in wheat [50]. Thus, it is obvious that
N application at late season can efficiently boost the seed quality.

3.4. Correlation Analyses

The positive and useful relationship between the SPAD values at the heading time and
the properties of PH, SL, SS, KNS, GY and SC has been found (Table 10). While determining
a positive and significant relationship between the NDVI, which was measured at the
heading period, with PH, SL, SS, KNS, TWK, GY, SC features, a significant negative
relationship was determined between the PC and ZS. Positive and significant relationship
was found between the NDVI, which was measured at the anthesis period, with PH, SL,
SS, KNS, GY, SC features. A positive and significant relationship was determined between
the TWK and NDVI-M.

Table 10. The correlation coefficient between SPAD at heading stage and NDVI at different growth stages with all

investigated traits.

Parameters PH SL SS KNS TWK ™ GY PC SC WG zs
SPAD 0.497 *** 0.461 *** 0.486 *** 0.463 *** 0.091 0.14 0.439 *** —0.179 0.354 ** —0.382 ** —0.333 **
NDVI-H 0.706 *** 0.487 *** 0.647 *** 0.625 *** 0.244 ** 0.386 0.442 *** —0.230 ** 0.484 *** —0.514 —0.405 **
NDVI-A 0.611 *** 0.538 *** 0.648 *** 0.559 *** 0.058 0.207 0.313 ** -0.178 0.409 *** —-0.421 —0.362
NDVI-M 0.137 0.033 —0.095 0.067 0.390 ** 0.1 —0.066 0.169 —0.104 0.051 0.163

** 1% level of significance; *** 0.1% level of significant, PH: plant height, SL: spike length, SS: spikelets per spike, KNS: kernel number
per spike, TKW: thousand kernel weight, TW: test weight, GY: grain yield, PC: protein content, SC: starch content, WG: wet gluten, ZS:

Zeleny sedimentation.

4. Conclusions

Our findings are in line with the postulated hypothesis and objectives pertaining to
optimization of N doses and screening most promising wheat genotype were adequately
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achieved. It is inferred that management of the N application offers the possibility of
improving wheat production and grain nutritional quality. Our findings also indicated that
the highest grain production could be achieved with the application of N up to 100 kg ha~!,
and other levels of N were not economically viable and environmentally friendly as N
can be easily lost by leaching and evaporation leading to environmental pollution. In the
first year of this study, the dose of N applied at once increased the yield and quality of the
grain due to sufficient rainfall inferring importance of environmental interaction with these
indices. The results obtained for all N doses indicate that the healthy canopy growth and
high yield, which are correlated with the spectral reflection indices used in the analysis.
There has been a clear association between the SPAD and NDVI with the grain yield and
agronomic traits, suggesting that these indices can be used in the identification of plant N
deficiency, and the selection of superior wheat genotypes through the breeding process.
The research was conducted at a specific region and prior to making final decisions, it
should be carried out in a multilocation trial for final recommendation.
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