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Abstract: In the 21st century, global climate change is a key concern for countries all over the world
as, in the future, crops will face several extreme events, including an increase of 2–4 ◦C in the mean
temperature with a possible consequent reduction in yield. Wheat (Triticum durum Desf) is one of the
most important foods as it provides 20% of the protein for the world population. Since temperature is
one of the most limiting factors of crop development, the aim of this trial was to verify the agronomic
response of durum wheat to a temperature increase of about 1.5–2.0 ◦C through the use of short-
time adjustment techniques, such as sowing time and variety choice. The experiment foresaw the
comparison between two different temperature conditions (ordinary, OT—in the open field, and
high, HT—under a polyethylene tunnel), two sowing times (ordinary—OS, and delayed—DS), and
three varieties (Ofanto, modern variety; Cappelli, traditional variety; and a mix of the two). HT
conditions caused a decline in the wheat yield (−52.5%), but without differences between the two
sowing times. The grain quality resulted positively when affected by late sowing times with an
increase in 1000 seeds weight and protein percentages and a decrease in shrunken grains. Therefore,
it seems that in areas characterized by high temperatures, delayed sowing can improve grain quality
without reducing yield quantity compared to ordinary sowing times.

Keywords: climate change; heat stress; durum wheat; adjustment techniques; yield

1. Introduction

Durum wheat (Triticum durum Desf) is one of the most important foods for about 35%
of the world population [1] as it provides 20% of the total protein [2]. Around the world,
durum wheat is cultivated on 17 million ha with a production of 36 million tons [3]. In
Italy, in 2021, durum wheat has been cultivated on 1.23 million ha with a production of
about 4.0 MT [4].

Temperature is one of the most limiting factors of crop development; in particular,
wheat, in the literature, is reported as being extremely sensitive to high temperatures.
Temperature severely influences the development and productivity of crops. For each
phenological phase, there is an optimal range of temperature, over which the physiological
processes are negatively affected. Hay and Walker [5] report that temperature influences the
rate of seed germination, seedling growth, and the processes that determine the production
of biomass, fruits, and grain. When average “seasonal” temperatures increase, long periods
of drought may be encountered, causing decreases in photosynthetic rates with conse-
quent reductions in light interception. For wheat anthesis and grain filling, the optimum
temperature ranges between 12–22 ◦C and when temperatures exceed 30 ◦C a reduction
in wheat grain filling occurs, thereby decreasing yields and quality [6]. Indeed, delayed
sowing can cause problems at the grain filling stage with a decreased production [7,8]. In
an experiment carried out in India, the findings clearly demonstrated that delayed sowing
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increases the probability of occurring terminal heat stress during the grain-filling stage,
which significantly reduces grain yield [9].

Since 1950, the mean global temperature has increased by 0.72 ◦C [10] and the climate
projections show a further increasing trend with a higher frequency of heat waves and
changes in rainfall patterns [10]. On the basis of the expected temperature increase, in order
to assure sufficient food production for feeding the increasing world population, it is very
important to individuate strategies of food crop adjustment. From future forecasts, the
temperatures will increase up to 2.0–2.2 ◦C by 2100, 3.6 ◦C in 2200, and 4.6 ◦C in 2500 [11].
To date, climate change plays a key role in global food security [12].

In the Mediterranean, statistical models assume that warming will exceed the global
rate of 20% [11]. However, already now in Mediterranean environments, during the
reproductive and grain filling phase that occurs in the summer season, wheat grows with
rainfall being low and with heat waves [11]. As said, with climate change, seasonal rainfall
will be reduced and extreme climatic events will have greater impacts causing reduced
production [13] and quality of grains [14].

A severe challenge in order to fulfill future food demands of a growing population
is to mitigate the uncertain climatic variations [15]. All over the world in the past few
decades, extreme temperature events have significantly increased [16,17]. On the other
hand, a reduction in the length of winter has been observed in many world regions due to
global warming [17].

To cope with climate change, it was thought to use old typical wheat varieties or a
mix of them with modern varieties. In Italy, until the Green Revolution around the 1970s,
old wheat cultivars were the only ones used and they were part of a rural economy aimed
at self-sufficiency and satisfying the needs of families. Subsequently, the plant breeding
of wheat was carried out by modifying some morphological and physiological traits to
satisfy the increased food needs and adapt to new agricultural practices [18–20]. The
modified traits were: (i) loss of seeds at the time of harvest; (ii) increase in seed size; (iii)
decrease in height; and (iv) higher production. However, the old wheat varieties have the
characteristic of being more resilient and, therefore, more adaptable to low-input cultivation
with a consequent high environmental sustainability; in addition, they also assure a wide
genetic variability. In fact, Guarda et al. [21] reported that, since old grains require a low
nitrogen requirement, they are a valid choice for rotation with legumes and are suitable for
cultivation in Mediterranean environments when organic or low-input farming methods
are adopted. It is important to remember that they cannot benefit from high sowing rates
and high nitrogen fertilization rates due to their susceptibility to lodging [22] and they are
generally later in flowering than modern ones [23].

The aim of this study was to verify the agronomic response of durum wheat to
a temperature increase of about 1.5–2.0 ◦C through the use of short time-adjustment
techniques, such as sowing time and variety choice.

2. Materials and Methods
2.1. Experimental Site and Design, and Crop Management

The test was carried out from autumn 2017 to spring 2018 at the experimental site
of the Department of Agricultural Science, in Portici (Naples, Italy; lat. 40◦49′ N; long.
14◦20′ E).

The durum wheat seeds were sowed in 0.21 cm−2 plastic pots, filled with loamy-sand
soil (USDA) with the physical and chemical properties reported in Table 1. The sowing
density was 400 seeds per square meter corresponding to 84 seeds per pot distributed in
five rows.



Sustainability 2022, 14, 14111 3 of 15

Table 1. Physical and chemical properties of the test soil.

Soil Properties Units Mean Values

Coarse sand % 35.7
Fine sand % 42.5
Silt % 14.9
Clay % 6.9
N—total (Kjeldahl method) % 0.15
P2O5 (Olsen method) ppm 104.7
K2O (Tetraphenylborate
method) ppm 2578.5

Organic matter (Bichromate
method) % 3.66

NO3-N ppm 27.32
NH4-N ppm 16.23
pH 7.10
Electrical conductivity dS m−1 0.26

The experimental design was a split–split plot with the growth conditions as the
main factor, the sowing time as the secondary factor, and varieties as the third one. In
particular, the two different temperature conditions were (i) ordinary temperature–in open
field (OT) and (ii) high temperature—under a polyethylene tunnel (HT). The two sowing
times were: (i) ordinary sowing (OS), made on 7 December 2017, and delayed sowing
(DS) on 11 January 2018. Finally, the tested varieties were: (1) Ofanto, “low-size” modern
variety; (2) Cappelli, “high-size” traditional variety, and (3) a mix of the two ones (50%
Ofanto + 50% Cappelli).

The treatments were replicated four times for a total of 24 pots per environment and
distributed in a randomized complete-block design.

Nitrogen (N) was given, as calcium nitrate (26%), at a rate corresponding to 120 kg ha−1

two times: 70% of total, at the end of tillering, and the remaining 30%, at the flowering.
The plants’ water demand was satisfied by rainfalls (519 mm during the cycle) and for
plants grown under the tunnel a quantity of water corresponding to rainfalls was given.
The harvest was made on 13 June for ordinary sowing plants and 25 June for delayed
sowing plants.

During the whole cycle, the inside and outside temperatures were continuously
monitored using a weather station (Vantage Pro, Davis).

2.2. Crop Growth and Yield Measurements, and Nitrogen Content Determination

During the cycle, the crop growth was monitored using biometric samplings to mea-
sure the following parameters: total dry matter (a sample for each treatment and replicate
was oven-dried at 60 ◦C until reaching a constant weight), the height of the plants, and leaf
area, which was measured with an electronic leaf area meter (Li-Cor3000, Li-Cor, Lincoln,
NE, USA) and reported as Leaf Area Index-LAI (m2 m−2).

At the harvest, the biomass was cut and its components (culms, leaves, and spikes)
were separately weighed for determining the fresh and dry weight after oven drying at
60 ◦C. The plant height and number of spikes per square meter were also recorded. The
three samples of 100 seeds per each treatment and replicate, the 1000 kernels weight, and
the percentage of vitreous kernels were evaluated by a visual inspection. In addition, the
hectolitre weight (kg hL−1), which is a measure of grain ripening, was determined using
an automatic analyzer NIR Control Plus (ISOELECTRIC, Electronic Instruments).

Moreover, the dried seeds nitrogen content was determined using the Kjeldhal method
and, subsequently, the protein content of kernels was determined by multiplying the
nitrogen content by the factor of 6.25.
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2.3. Statistical Analysis

All data were subjected to the analysis of variance (two ways-ANOVA), using a general
linear model using the SPSS software package (SPSS version 22, Chicago, IL, USA). Means
were separated according to the Tukey test at p ≤ 0.05.

3. Results
3.1. Climate Characteristics of Experimental Site

During the test period, in the two environments (OT and HT), the maximum and
minimum temperature were recorded and the data are reported in Figure 1.
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Figure 1. Maximum and minimum temperature trends open and tunnel during the test period in the
two environmental conditions: Ordinary temperature (OT) and High temperature (HT) conditions.

As expected, the inside temperatures were higher, about 1.5 ◦C, than the outside
temperatures. In the winter months, the differences between the two environments were
almost nil; in particular, the minimum temperatures began to differentiate after the first
ten days of March, while the maximum temperatures at the end of January. The lowest
temperatures were recorded in the second half of February when there also was a snowy
event (about 5 cm). The minimum temperature, for both environments, was never below
4 ◦C. The maximum temperatures reached peaks at the end of May and in the second ten
days of June, in the HT (30 ◦C) and OT (28 ◦C), respectively.

As for the rain, about 435.0 mm was recorded in the winter months and 84 mm in the
spring period.

3.2. Growth Parameters as Affected by Temperature

The accumulation of total dry matter (Figure 2) always showed an increasing trend, but
at the end of the cycle the average values of the HT plants were higher, about +22.0% than
OT plants (Figure 2). In particular, under both conditions, the delayed sowing triggered
lower dry matter accumulation and, for both sowing times, Cappelli always showed the
best performance (Figure 2).

Irrespective of sowing times and wheat variety, at the end of the cycle, no difference
was found among the plants grown under the two environmental conditions: the mean
value of plant height was 67.1 cm (Figure 3). The ordinary sowing elicited values of plant
heights slightly higher (50.1 cm vs. 48.6 cm of DS). Finally, among the varieties, Cappelli
reached the highest values, overcoming 90.0 cm with ordinary sowing and 70.0 cm with
delayed sowing, but under OT conditions, it was not different from the OS-Mix (Figure 3).
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Figure 2. Accumulation of total dry matter during the crop cycle as affected by two sowing times:
ordinary (OS) and delayed (DS) in the two environmental conditions ((A) ordinary temperatures,
and (B) high temperatures). Vertical bars indicate standard error; ns, *, and **: not significant or
significant at p ≤ 0.05 and 0.01, respectively.

The interaction between sowing time and variety significantly affected the percentage
accumulation of dry matter between the parts of the plant in both environments (Figure 4).
Under high temperatures (HT), Ofanto showed the highest percentage incidence of spikes
in both sowing times due to its reduced size, typical of the modern varieties (Figure 4A).
Instead, the variety Cappelli, a high-size traditional variety, produced a greater quantity of
biomass, with the consequent lowest incidence of spikes.
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In open air, interestingly all three varieties of delayed sowing had a significantly higher
incidence of spikes than that recorded for the ordinary sowing, again Cappelli showed the
highest values of biomass (Figure 4B).

The effects of the interaction between the environmental conditions (the two sowing
times) and the three varieties on leaves number, leaf area index (LAI), and average leaf area
at flowering are reported in Table 2.
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Figure 4. Percentage incidence of different parts of plants on total dry matter for the two sowing times:
ordinary (OS) and delayed (DS) in the two environmental conditions (HT = high temperatures (A),
and OT = ordinary temperatures (B)). Different letters indicate significant differences according to
Tukey test (p < 0.05).

The highest number of leaves per plant was recorded for Cappelli with ordinary
sowing under high temperature conditions and it was different from all other treatments
except Mix under the same conditions (HT-OS). Interestingly, under high temperature
conditions, the ordinary sowing elicited a 23.7% increase in leaves number over the delayed
sowing. Instead, the trend was the opposite under ordinary temperatures conditions: the
delayed sowing elicited a 12.8% increase over OS. Finally, the mean value of leaves number
per plant were similar in the two environments (4.2 vs. 4.1 n◦ pt−1).

Higher values of LAI were observed under high temperature conditions (4.7 vs.
3.6 m2 m−2, for HT and OT, respectively). In particular, the statistically higher values
were recorded in all three varieties with ordinary sowing under HT conditions, while the
lowest values in all three varieties were with delayed sowing under OT conditions and in
the OS-Ofanto and DS-Mix under HT.



Sustainability 2022, 14, 14111 8 of 15

Table 2. Interaction between environmental conditions (HT = high temperatures and OT = ordinary
temperatures), sowing times (ordinary—OS, and delayed—DS) and variety (Ofanto, Cappelli, Mix)
on leaves number, LAI (Leaf Area Index), and ALA (average leaf area) at flowering.

Treatments Leaves LAI ALA
n◦ pt−1 m2 m−2 cm2 Leaf−1

HT

OS
Ofanto 4.3 cd 6.3 a 10.2 b

Cappelli 5.0 a 5.5 ab 7.3 c
Mix 4.8 ab 6.4 a 10.1 b

DS
Ofanto 3.6 f 2.8 e 9.9 b

Cappelli 3.9 df 4.2 cd 12.1 a
Mix 3.8 ef 3.3 de 9.3 b

OT

OS
Ofanto 4.1 ce 4.8 bc 9.6 b

Cappelli 3.7 ef 4.8 bc 13.0 a
Mix 3.9 d 4.6 bc 12.5 a

DS
Ofanto 4.5 bc 2.6 e 4.8 d

Cappelli 4.5 bc 2.8 e 5.5 cd
Mix 4.1 ce 2.4 e 5.5 cd

Significance
Environment (E) NS * NS

Sowing (S) NS ** **
Variety (V) NS NS *

E x S * NS *
E x V * ** **
S x V NS ** **

E x S x V * ** **
NS, *, and **: not significant or significant at p ≤ 0.05 and 0.01. Different letters within each column indicate
significant differences according to Tukey’s test p ≤ 0.05.

3.3. Yield and Yield Components

The third-degree interaction (environment x sowing time x variety) significantly
affected yield and its components (Table 3). In ordinary temperature conditions, the grain
yield was higher than the HT conditions: 0.40 vs. 0.19 kg m−2, respectively, and the best
performance was recorded for ordinary sowing plants (0.58 vs. 0.23 kg m−2 of DS plants).
Instead, the differences between the sowing times under HT were not evident; for both,
the yield value was 0.19 kg m−2. However, in these conditions, the differences between
the varieties were marked: Ofanto-OS reached the highest value while Mix-OS showed
the lowest value. Finally, under OT-OS conditions, the yield of all three varieties were not
different between them.

The lower yield of HT plants was probably due to the lower number of spikes:
244.3 vs. 319.7 of OT conditions. The OT-OS-Mix treatment had the highest number of
spikes per square meter, but it was not statistically different from the Ofanto-OS grown
under both temperature conditions. Regarding the two sowing times, the number of
spikes were higher in ordinary sowing (295.1 vs. 268.9 of DS), especially under ordinary
temperatures conditions.

In high temperature conditions, the biomass was higher than in the ordinary conditions
(on average 1.45 vs. 1.21 kg m−2); in both conditions, the variety Cappelli showed values
significantly higher than all other treatments. The highest value of HI was recorded in open
field (OT): 36.0% vs. 13.6% of HT. Notably, the higher and statistically different values were
recorded for Ofanto under OT conditions and for both sowing times.

All treatments under high temperature (HT) showed the highest number of stems per
square meter (520 vs. 414 n◦ m−2 of OT) without significant differences among them; only
Ofanto-OT-OS was not statistically different from them.
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Table 3. Interaction between environmental conditions (HT = high temperatures and OT = ordinary
temperatures), sowing times (ordinary—OS, and delayed—DS), and variety (Ofanto, Cappelli, Mix)
on plant height, stems number, spikes number, biomass, harvest index (HI), and yield.

Treatments Height Stems Spikes Biomass HI Yield
cm n◦ m−2 n◦ m−2 kg m−2 % kg m−2

HT

OS
Ofanto 55.1 fg 506.8 ab 368.2 ab 1.70 b 22.9 ef 0.39 b

Cappelli 90.6 a 531.8 a 154.5 f 2.13 a 5.2 h 0.11 ef
Mix 72.1 bc 525.0 a 143.2 f 1.27 c 4.7 h 0.06 f

DS
Ofanto 54,1 fg 531.8 a 268.2 de 1.00 de 18.0 fg 0.18 d

Cappelli 71.4 bc 520.5 a 272.7 de 1.41 c 16.3 g 0.23 cd
Mix 59.1 ef 504.5 ab 259.1 e 1.19 cd 14.3 g 0.17 de

OT

OS
Ofanto 52.6 gh 477.3 ac 375.0 ab 1.38 c 44.9 a 0.62 a

Cappelli 96.1 a 459.1 bd 336.4 c 2.26 a 24.8 de 0.56 a
Mix 66.8 cd 411.4 de 393.2 a 1.66 b 33.7 c 0.56 a

DS
Ofanto 48.1 h 340.9 f 172.7 f 0.41 g 43.9 ab 0.18 de

Cappelli 75.5 b 427.3 ce 350.0 bc 0.92 e 29.3 cd 0.27 c
Mix 63.4 de 372.7 ef 290.9 d 0.66 f 39.4 b 0.26 c

Significance
Environment (E) NS ** ** * ** **

Sowing (S) * NS NS * NS *
Variety (V) ** NS NS * ** **

E x S NS * ** * ** **
E x V NS * ** NS ** **
S x V NS * ** NS ** **

E x S x V ** ** ** ** ** **

NS, *, and **: not significant or significant at p ≤ 0.05 and 0.01. Different letters within each column indicate
significant differences according to Tukey’s test p ≤ 0.05.

Regarding the height of plants, irrespective of temperature conditions, the plants of
the Cappelli-OS variety were significantly higher than all other treatments (Table 3); instead,
Ofanto under OT conditions had the lowest values. Between the two environments, no
significant differences were recorded (69.66 cm HT vs. 67.8 cm OT). Regarding the two
sowing times, a decrease in height was observed in the delayed sowing (65.3 cm vs. 72.2 cm
of OS).

As regards the quality parameters of grain, the third degree interaction was again
significant (Table 4). The 1000 seeds weight were an average of 54.4 g; the difference
between OT and HT conditions was minimal (54.0 vs. 54.8 g, respectively), the delayed
sowing showed the highest value (56.4 vs. 52.4), and, among the three varieties, Cappelli
showed significantly higher values (57.0 vs. 53.1 g of the other two varieties). The best
performance was achieved by Cappelli and Mix with delayed sowing and grown under
high-temperature conditions (Table 4). The grain humidity was always lower than 10.0%,
except for all three varieties under ordinary sowing and temperature conditions (Table 4).

Irrespective of varieties and sowing times, the high temperatures determined higher
values of shrunken kernels, about 5.5% vs. 2.4% of OT plants (Table 4). The percentage of
shrunken kernels was statistically higher for all varieties with ordinary sowing and grown
under high temperature conditions.

The percentage of vitreous kernels had been always higher than 91%, with the max-
imum value (96.5%) for the OS-Mix plants grown under high temperatures conditions
(Table 4). The percentage protein content of the grain was high in all treatments; the
maximum value was recorded in the OS-Mix plants grown under HT conditions.
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Table 4. Interaction between environmental conditions (HT = high temperatures and OT = ordinary
temperatures), sowing times (ordinary—OS, and delayed—DS), and variety (Ofanto, Cappelli, Mix)
on 1000 seeds weight, shrinking, vitreousness, humidity, and protein contents.

Treatments Weight Shrinking Vitreousness U Protein
g 1000 kernels−1 % % % %

HT

OS
Ofanto 51.1 h 8.0 a 7.5 ab 8.8 d 16.5 f

Cappelli 57.5 b 8.0 a 7.0 ac 9.5 c 20.7 b
Mix 44.5 i 9.0 a 3.5 d 8.8 d 22.5 a

DS
Ofanto 55.2 d 2.0 ce 7.0 ac 7.0 h 19.0 d

Cappelli 60.3 a 3.0 cd 6.0 bc 7.0 h 18.6 de
Mix 60.4 a 3.0 cd 7.5 ab 7.9 fg 20.0 c

OT

OS
Ofanto 53.4 f 3.5 c 7.5 ab 10.0 b 16.2 f

Cappelli 53.9 ef 5.5 b 7.5 ab 10.1 b 15.9 f
Mix 54.0 e 2.0 ce 8.5 a 10.9 a 15.0 g

DS
Ofanto 52.8 g 1.0 e 8.0 a 8.0 ef 18.2 e

Cappelli 56.3 c 1.0 e 5.5 c 7.7 g 21.3 b
Mix 53.4 f 1.5 de 6.0 bc 8.2 e 21.0 b

Significance
Environment (E) ** ** NS ** **

Sowing (S) ** ** NS ** **
Variety (V) ** NS NS NS **

E x S ** NS ** NS **
E x V NS ** ** ** **
S x V * * * * NS

E x S x V ** ** ** ** **

NS, *, and **: not significant or significant at p ≤ 0.05 and 0.01. Different letters within each column indicate
significant differences according to Tukey’s test p ≤ 0.05.

4. Discussion

In order to cope with the expected increase in the global average temperature, it is
necessary to provide adaptation strategies for food crops to assure sufficient food produc-
tion for the world’s population. Sowing time can be considered a strategy for adjusting
to temperature increase; indeed, by selecting the optimum sowing time, it is possible to
avoid stress from high temperatures during the flowering and grain filling that determine
yield reductions.

Overall, our results highlighted that a higher DM accumulation was recorded un-
der high-temperature conditions (+22.0% over OT) and, generally, the delayed sowing
determined a lower dry matter accumulation, probably due to the shorter duration of
cycle. Among the varieties, Cappelli reached the highest values of DM accumulation but
also of height and biomass production. On the other hand, one of the main characteris-
tics of traditional varieties is the high size, with a consequent high risk of lodging and
biomass production.

Additionally, plant height was affected by the sowing times; indeed, we observed a
3.0% decrease under delayed sowing. Similarly, other researchers reported that, with ordi-
nary sowing (mid-November), plant height was greater than with delayed sowing [24,25].
In their research, [9] reported that the plant height decreased under late sowing conditions
compared with normal sowing, stating that this effect is probably due to the shorten-
ing of the crop cycle of the crops, in turn, caused by higher temperatures during the
growing period.

On the other hand, the crop cycle duration also affected yield. Indeed, the grain yield
as well as number of spikes per square meter were higher under ordinary temperatures
by about double and +30.9% compared to the high temperature conditions, respectively.
Notably, under high temperature conditions, no differences were recorded between the
sowing times; instead, the delayed sowing caused a 60.3% reduction in yield under ordinary
temperatures conditions, but it did not affect the productive response of wheat under
high temperatures. Additionally, [26] highlighted a decline of approximately 0.7% of the
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wheat production cultivated in China for each one–day delay beyond the ordinary sowing
date. These losses could be due to the shortening of the main phenological phases with
consequent poor yield performance [27–29]. Furthermore, delayed sowing increases the
probability of the grain being exposed to higher air temperatures during the grain filling,
causing stress and, therefore, a decrease in production [30]. Indeed, for example, we also
recorded higher values of shrunken grains under high temperature conditions. In a test
carried out in Bangladesh, Nahar et al. [31] reported a grain yield reduction of 53–73%
under heat-stress conditions due to late wheat sowing. On the other hand, in Kansas (USA),
when applying thermal stress with the use of “thermal tents”, some authors observed
a 2–27% reduction in grain yield [32]. Additionally, in China, Feng et al. [33] measured
a 6–11% reduction in grain yield under thermal stress produced by the means of white
polythene plastic film. Finally, many researchers have observed that even a short heat phase
with maximum temperatures above 35 ◦C during the grain filling may cause a reduction
in grain yield ranging from 5.4% to 30% [13,34,35]. In addition, several authors reported
a yield variability when different environmental conditions occur [13,36,37]. From our
results, the effect of the different genetic pools of the three varieties was almost nil under
ordinary conditions (OT-OS); instead, under high-temperature conditions, it was observed
that Ofanto with ordinary sowing reached the highest values. However, in these conditions,
Cappelli and Mix showed greater stability of yield with lower differences in yield values
between OS and DS. This result is also supported by Migliorini et al. [38], which reported
that the old varieties’ mixtures yielded less than the modern varieties but with higher
stability. In addition, in the literature it is reported that old cultivars are characterized by
their lower yield compared with modern ones in both low- and high-input systems [22].

Several studies reported that high temperatures limit the growth, biomass produc-
tion, and productivity and reduce the quality of harvested products [39–43]. Stone and
Nicolas [42], in research performed in Australia, reported an estimated loss of 4% for each
degree centigrade above the optimum.

The harvest index (HI), the ratio between yield and total biomass, is obviously highly
correlated with the grain yield and, therefore, with the spikelet’s fertility. In our research,
high temperatures reduce the HI by about 53%. The Ofanto variety showed a statistically
higher value of HI in all experimental conditions, due also to reduced size (low values of
biomass production). In the literature, it is reported that at high temperatures lower HI is
recorded mainly due to the lower grain yield caused by the decrease in spikelet fertility,
although this decrease in the spikelet fertility is cultivar-specific [44].

Comparing the old and new varieties, it was observed that HI in the new varieties was
higher than the old varieties (32.4 vs. 18.9, respectively); this result was also observed by
De Vita et al. [45] in a comparison between different cultivars (modern and old) of wheat.
Finally, the 1000 seeds weight, protein percentages, and shrunken percentages of grains
were higher under high-temperature conditions, contrary to vitreousness.

Regarding the 1000 seeds weight, the different temperature conditions did not affect
this parameter, while the delayed sowing elicited a greater value than ordinary sowing.
Additionally, other researchers reported a higher 1000 grain weight (60 g per 1000 kernels−1)
when compared to the later sown ones [44–47]. This result is probably due to the fact that
the rise in temperature makes the crop prematurely enter the next stage.

Regarding grain shrinkage, Dias and F.C. Lidon [48], in research carried out on modern
grains, observed that, in wheat grown under thermal stress, grain shrinkage increases,
thus implying a reduction in the weight of the individual grain. Regarding the protein
percentage, Tashiro and Wardlaw [49] also observed that it tends to increase in response to
elevated temperatures. Corbellini et al. [50] observed that continuous exposure to very high
temperatures (>40 ◦C) after pollination to maturity adversely affected the properties of the
wheat flour, including a significant change in the level of protein aggregation. This problem
is related to the protein composition, rather than the overall protein concentration; indeed, it
was observed that the composition of wheat proteins was altered by high temperatures [51].
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However, as reported by De Vita et al. [45] the good grain quality in modern cultivars finds
an increase in the pasta-making quality of proteins.

Findings of an Italian research report that the delayed sowing (from October to March)
of some modern durum wheat cultivars determined a reduced grain yield but increased
the protein percentage from 107 to 147 g kg−1 [23].

Another research, which compared old versus modern cultivars and moved the sowing
date from November to March, reported that the protein percentage in the old cultivar
increased by 2.7%, but in the modern cultivar increased by only 1.3%. This difference
was the consequence of the grain yield reduction caused by the delayed sowing in the old
cultivar (−19%) than in the modern cultivar (−7%) [52]. Similarly, in our research, under
ordinary temperature conditions, we found a greater increase in the protein percentage of
grain in Cappelli with delayed sowing (34.0%) compared to Ofanto, in which the protein
percentage increased by about 12.3% compared to plants of ordinary sowing.

As reported by Brankovic et al. [53], the quality parameters of the grain, and especially
the vitreousness, are influenced from various environmental factors such as: higher tem-
perature for 43.4%, low precipitation for 30.9%, and sunshine hours for 5.6% during grain
filling and ripening. In our research, the percentage of vitreous kernels had been always
higher than 91%, with the maximum value (96.5%) for the OS-Mix plants grown in higher
temperature conditions.

The late sowing of crops and high-temperature stress affects the development of plant
organs and causes the reduction in quality and quantity yield components [54,55].

5. Conclusions

The projection of an increase in the world mean temperature will determine less
favorable growth conditions for crops, especially for microthermal ones such as wheat.
Therefore, it is necessary to individuate strategies for adapting to these changes, between
which the choice is of sowing time and/or variety.

The findings of our research highlighted that durum wheat does not adapt well to
higher temperature conditions, showing with a strong reduction in yield (about half of
ordinary conditions). However, in these conditions, the delayed sowing results in a discrete
technique of adjustment, allowing it to reach a yield value consistent with the yield of
plants with ordinary sowing. Regarding the varieties, the choice of a “traditional” variety
(Cappelli) was driven by the attempt to exploit its greater resilience, but our results did not
highlight a higher adaptability than Ofanto, a modern variety; indeed, Cappelli showed
about a 15% decrease in yield. The greater adaptability of Ofanto is probably due to the
lower development of biomass with consequent lower water losses.

Interestingly, the grain quality, in particular the protein percentage, seems to be
improved by higher temperature conditions, showing higher values but without a beneficial
effect of delayed sowing in these conditions. Finally, the late sowing time improved
the grain quality (increase in 1000 seeds weight and protein percentage and decrease in
shrunken grains).

Therefore, it seems that in areas characterized by high temperatures, delayed sow-
ing can improve grain quality without reducing yield quantity compared to ordinary
sowing times.
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