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ABSTRACT

Wheat (Triticum aestivum L) is one of the major staple food crops consumed
globally. Nonetheless, the cultivation of wheat is influenced by various environmental
factors, with the planting date being significantly impacted by the effects of climate
change. Addressing these changes could involve evaluating wheat genotypes to identify
appropriate planting dates. A phenotypic screening experiment was conducted in the
field crop station of Agriculture College of Tikrit University to determine the suitable
planting time for wheat cultivars under local environmental conditions during 2022-23.
Several morpho-physiological, quality, and yield traits were measured. Factorial
experiment using spilt plot through randomized completely block design (RCBD). was
used with three replications. The five planting dates (5-10, 25-10, 15-11, 5-12, and 25-
12) were considered as the main plot, and the eight wheat cultivars (Ipaa99, Al-Rasheed,
Al-Baraka, Sham6, Tammuz2, Al-Hashimiya, Al-Noor, and Al-Adnanieh) as sub-main
plot. Data were used to calculate the Individual, Cumulative, and Total Vigor Response
Indices (IRI, CRI & TRI). Cultivars were classified into different categories using total
cumulative early or late planting date vigor response index values (TRI-e) or (TRI-I)
and standard deviation (SD). The (TRI-e) values ranged from 36.07 (sensitive) for the
cultivar Al-Baraka to 39.13 (tolerant) for the cultivar Al-Hashimiya. However, the (TRI-
1) values ranged from 36.59 (sensitive) for the cultivar Al-Noor to 39.52 (tolerant) for
the cultivar Al-Hashimiya. The correlation coefficient (r?) between the (TRI-e) and
cumulative very early/early planting date vigor response index was positively correlated
(r? = 0.70 for very early planting date (5-Oct) and r? = 0.60 for early planting date (25-
Oct). Furthermore, 76% of the total variation in the (TRI-I) was explained by the
cumulative very late planting date vigor response index (CRI-vl) while just 49% of the
total variation was explained by the cumulative late planting date vigor response index
(CRI-1). Based on those results, wheat producers could select either tolerant cultivars for
early planting or tolerant cultivars for late planting to maximize wheat production in
their specific growing environments including planting dates.
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INTROUCTION

Wheat (Triticum aestivum L) is considered one of the most productive grain crops in the
world. The total global wheat grain production reached around 778.6 million tons in 2021-2022,
compared to 697.0 million tons in 2011-2012, and 756.5 million tons in 2016-2017, which led to
an annual increase of 1.24% in the last ten years and 0.83% in the last five years. Those results
show a decline in the annual growth rate against the desired rate of 1.5-2% to meet the growing
demand of the world population (Moshawih et al., 2023). The importance of wheat comes from
the dependence of two-thirds of the world’s population on it, and it provides human food with
more than 25% of calories and proteins, containing quantities of fats, some mineral salts, vitamins
thiamine B1, and riboflavin B2 (FAO, 2008).

The main problem facing increasing production and achieving self-sufficiency in wheat is
low productivity per unit area, so work must be done to raise its production efficiency via the use
of resistant and highly productive genotypes of wheat. Cultivars vary in the nature of their growth
due to their different genetic compositions, so the growth of the crop and its arrival at the vegetative
growth stage and the yield differ depending on the cultivar, which is reflected in its growth and
productivity. The total crop yield is affected by multiple genetic and environmental factors, most
notably planting dates, and developing genotypes that are compatible with early and late planting
is considered one of the best solutions to obtain a resistant cultivar (Jardén et al., 2023). The
planting dates are considered one of the basic inputs for field crops, and the optimal sowing date
is affected by climate change, therefore, it is assumed that the best planting date is determined to
obtain the best plant yield. The characteristics of crop production are directly related to the
temperature and relative humidity of the atmosphere during a growing season, so it is necessary to
provide the thermal requirements of the cultivars. The late planting influences each growth stage
and each characteristic of the plant like the number of grains spike ™, grain yield, and 1000-grain
weight (Coventry et al., 2011; Anwar et al., 2011; and Sattar et al., 2015). Meanwhile, Gul et al.,
(2012) have mentioned that the delay in a day from optimum planting time has decreased by 1%
grain yield. In contrast, the higher grain yields are related to the optimal planting date, and each
day delay in sowing from 15-20th November decreases grain yield at 39 kg-ha™* per day (Singh

and Ultam, 1999). Hence, to become customary to crop systems to the changing climate and to
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match the growing population, it is vital to know how climate change influences agricultural

production and water productivity (Rockstrém et al., 2009).

Producing quantitative values and identifying important traits to screen and classify wheat
cultivars for early-late vigor would be valuable to select current cultivars and develop new
genotypes better appropriate for the production system. Using of the total cumulative vigor
response index (TCVRI) to examine the relationship among crop characteristics is an additional
tool for breeders and producers to understand physiological changes during variety development
and could be a useful basis for selection in plant breeding. Vigor indices of each trait provide
information about the growth rate and uniform development of genotypes under varied
environmental conditions including planting dates (Powell and Matthews, 2005), which is crucial
for the growth and development of the crop when competing for limited resources. Plants with
high vigor usually compete successfully under limited environmental resources, influencing stand

establishment and, ultimately, grain yield (Jumaa et al., 2020).

There are some studies that have dealt with the cumulative vigor response index as
Wijewardana et al., 2015, Singh et al., 2017, Lone et al., 2019, Jumaa et al., 2019, and Kakar et
al., 2019, which studied the effect of cold tolerant on maize hybrids, the effect of soil moisture on
rice cultivars, the effect of drought on genotypes (Indica), the effect of high-low temperature on
rice cultivars, and the effect of salinity on rice genotypes (Japonica), respectively. Hence, due to
the limited availability of research examining the cumulative response index concerning wheat
yields based on planting dates, the experiment was undertaken as the inaugural study to assess the
wheat cultivars across both early and late planting dates. The objective was to categorize cultivars

into distinct groups, identifying their sensitivity or tolerance to either early or late planning.

MATERIAL AND METHODS

Experimental condition:

The experiment was carried out during the winter season of 2022-2023 at the research station of
the Field Crops Department, College of Agriculture, Tikrit University (34° 35” E, 34° 27’ N). A
randomized complete block design (R.C.B.D.) was used according to the split-plot arrangement

with three replicates. Each replicate has 40 experimental units coming from five main plots
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including planting dates (5/10, 25/10, 15/11, 5/12, and 25/12), which were divided into eight sub-
main plots having wheat cultivars 1paa99, Al-Rasheed, Al-Baraka, Sham6, Tammuz2, Al-
Hashimiya, Al-Noor, and Al-Adnanieh. The experimental unit area (plot) was (2 x 1m) including
five lines with 10 cm among lines and 10 cm among seeds. The soil of the experiment was plowed
with disc harrows then it was leveled and amended, and fertilized by DAP as a source of
phosphorus at a rate of 100 kg ha*, and nitrogen fertilizer (urea) 46% N at a rate of 200 kg ha™,
which added in the vegetative stage and at the reproductive stage (Igbal et al., 2012). The well

water was used for irrigation, and weeds were removed manually whenever necessary.
Total Cumulative Planting Date Response Index (TCPDRI):

Initially, individual very early planting date response indices (IR1-ve) and individual early planting
date response indices (IRI-e) were calculated by dividing the value of parameter (Pve) at very early
planting date (5-10) or the value of parameter (Pe) at early planting date response index (25-10)
for a given cultivar by the value of the same parameter (Po) at optimum planting date (15-11) [Eq.
1 and 2] (Wijewardana et al., 2015). Also, the individual late planting date response indices (IRI-
I) and individual very late planting date response indices (IRI-vl) were calculated by dividing the
value of parameter (Pl) at late planting date (5-12) or the value of parameter (Pvl) at very late
planting date response index (25-12) for a given cultivar by the value of the same parameter (Po)
at optimum planting date (15-11) [Eq. 3 and 4]. Then, the cumulative very early planting date vigor
response index (CRI-ve) and cumulative early planting date vigor response index (CRI-ve) were
calculated as the sum of 20 IRI-ve or 20 IRI-e for each cultivar that includes Flowering date (FI),
Leaf area (LA), Plant height (PH), SPAD, Spike plant? (SP), Spike length (SL), Maturity date
(MT), Tiller number (TN), Weight seed (WG), Yield of protein (YP), Seeds of spikelet (SS),
Biological yield (BY), Harvest index (HI), Yield of seeds (YS), Ashes (PR), sedimentation (RM),
Wet gluten (GW), Dry Gluten (GD), Humidity (RR), and Yield plant® (WW) [Eq. 5 and 6].
Similarly, cumulative late and very late planting date response index (CRI-1) and (CRI-vl) were
calculated as the sum of 20 IRI-I or 20 IR1-vl for each cultivar [Eq. 7 and 8]. Finally, the total early
planting date vigor response index TRI-e was estimated by summing CRI-ve and CRI-ve for each
cultivar [Eq. 9]. Also, the total late planting date vigor response index TRI-I was generated by

summing CRI-I and CRI-vl for each cultivar [Eg. 10].
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IRI-ve = Pve/Po {Equ. 1}
IRI-e = Pe/Po {Equ. 2}
IRI-1 = P./Po {Equ. 3}
IRI-vl =PvL/Po {Equ. 4}

CRI-ve = (PrLve/Prio) + PLave/PLAo + Pprve/PpHo + Pspabve/Pspabo + Pspve/Pspo + PsLve/PsLo +
PmTve/PMTo + PTnve/PTno + Pweve/Pweo + Pypve/Pypo + Pssve/Pssot Peyve/Peyo + PHive/PHio +

Pysve/Pyso + Pprve/Ppro + PrRMve/PrRMo + PowvelPowo + Pobve/Pebo + Prrve/PRRo + Pwwve/Pwwio
{Equ. 5}

CRI-l = (PrLe/Prio) + Prae/PLAo + PpHe/PpHo + Pspape/Pspabo + Pspe/Pspo + PsLe/PsLo + Pmte/PmTo +
Pne/PTNo + Pwee/Pwco + Pype/Pypo + Psse/Pssot Peye/PeYo + PHie/PHio + Pyse/Pyso + Ppre/Ppro +

Prme/PrRMo + Powe/Powo + Pope/Pebo + Prre/PrRro + Pwwe/Pwwio

{Equ. 6}

CRI-I = (Prui/Prio) + PLal/PLAo + Prri/PpHo + Pspapi/Pspabo + Pspi/Pspo + Psui/PsLo + PmTi/PmTo +
Prni/Ptno + Pwel/Pweo + Pypi/Pypo + Pssi/Pssot Peyi/Peyo + PHil/PHio + Pysi/Pyso + Ppri/Ppro +

PrmI/PrRMo + Powi/Pewo + Pepi/Pcpo + PrrI/PRRo + Pwwi/Pwwo

{Equ. 7}

CRI-VI = (PrLwi/Prio) + PLavi/PLao + Pprvi/PpHo + Pspabvi/Pspabo + Pspu/Pspo + Psiu/Psio +
Pmtv/Pmto + Pvwi/Pno + Pweu/Pweo + Pypui/Pypo + Pssui/Pssot PeyvilPeyo + Privi/Phio +

Pysui/Pyso + Pprul/Ppro + PRMvI/PRMo + PewwilPewo + Pepvi/Pepo + PrrW/PRRo + Pwwi/Pwwo
{Equ. 8}

TRI-e = CRI-ve + CRI-e {Equ. 9}
TRI-1 = CRI-l + CRI-vI {Equ. 10}

Cultivars were classified into various groups as the early or late tolerance or sensitivity of each
cultivar according to the results from the classification vigor indices using standard deviation.
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Data Analysis:

The data of morpho-physiological and yield-related measurements were recorded and compiled in
Microsoft Excel 2016. Descriptive analysis including means, standard deviations (SD),
coefficients of variation (CV), and analysis of variance (ANOVA), was calculated for the traits
under optimum and planting dates treatments using the SAS program (SAS] (v 9.4, SAS Institute,
Inc., Cary, NC, USA, 2011) using wheat cultivars and planting date as a source of variance via
spilt-plot within randomized completely block design. Data were analyzed using a one-way
ANOVA via PROC GLM in SAS to determine the effect of planting dates on the morpho-
physiological and yield-related traits. The Fisher’s protected least significant difference test at p =
0.05 was employed to test the differences among the treatments for the measured characteristics.
The standard errors of the mean were calculated using Sigma Plot 14.0 (Systat Software, Inc., San

Jose, CA, USA, 2017) and presented in the figures as error bars.
RESULTS AND DISSCUSION

Using five planting dates in combination with morpho-physiological and yield-related
traits, this study effectively developed a scoring system for early/late planting date tolerance in
wheat, and the results indicated that by using two indices (TRI-e and TRI-I). The (TRI-e) and (TRI-
I) values of the cultivars and their standard deviations were further used to classify wheat cultivars
into three response groups of (TRI-e) and four groups of (TRI-I). Furthermore, wheat cultivars
were classified into different groups viz sensitive, moderate, and tolerant for (TRI-e) and sensitive,
sensitive-moderately, tolerant-moderately, and tolerant for (TRI-I) to planting dates based on their
cumulative response for all morpho-physiological and yield-related traits. The (TRI-e) values
ranged from 36.07 (sensitive) for the cultivar Al-Baraka to 39.13 (tolerant) for the cultivar Al-
Hashimiya (Table 1). Four cultivars were classified as moderately sensitive or tolerant to early
planting dates Sham6 (37.19), Al-Adnanieh (37.39), Al-Rasheed (37.50), and Al-Noor (38.08)
(Table 1). The (TRI-I) values ranged from 36.59 (sensitive) for the cultivar Al-Noor to 39.52
(tolerant) for the cultivar Al-Hashimiya (Table 2). Four cultivars were classified as sensitive
moderately to late planting dates Al-Baraka (37.95), Ipaa99 (38.07), Tammuz2 (38.35), and Al-
Adnanieh (38.41). However, one cultivar was classified as tolerant moderately to late planting
dates Al-Rasheed (38.58) (Table 2).

229



Al-mafraji et al, , Tikrit Journal for Agricultural Sciences (2024) 24 (1): 223-237

Table 1. Classification of eight wheat cultivars into three planting date response groups based on
total cumulative early planting date vigor response index (TRI-e) for all parameters, along with
individual scores in parentheses.

Sensitive Moderate Tolerant
(36.07 — 37.10) (37.11-38.12) (38.13-139.14)
Al-Baraka (36.07) Sham6 (37.19) Al-Hashimiya (39.13)
Tammuz2 (36.40) Al-Adnanieh (37.39)
Ipaa99  (36.50) Al- Rasheed (37.50)

Al- Noor (38.08)

Table 2. Classification of eight wheat cultivars into four planting date response groups based on
total cumulative late planting date vigor response index (TRI-I) for all parameters, along with
individual scores in parentheses.

Sensitive Sensitive - moderately  Tolerant - moderately Tolerant
(36.59 — 37.52) (37.53-138.45) (38.36 — 39.38) (39.39-40.31)
Al-Hashimiya

Al-Noor (36.59) Al-Baraka (37.95)  Al-Rasheed (38.58) (39.52)

Shamé (36.94) Ipaa99 (38.07)
Tammuz2 (38.35)

Al-Adnanieh  (38.41)

The correlation coefficient (r?) between the total cumulative early planting date vigor response
index and cumulative very early/early planting date vigor response index using (TRI-e) for early
planting dates was positively correlated (r> = 0.70 for very early planting date (5-Oct) and r>= 0.60
for early planting date (25-Oct). This implies the light importance of very early parameters than
early parameters in identifying planting dates tolerant wheat cultivars using these indices. The plot
of the very early planting date vigor response index relative to the early planting date vigor
response index revealed a very weak positive correlation coefficient (r? = 0.09). This result means
both very early or early shares separately to explain the variations in total cumulative early planting
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date vigor response index and the selection for very early or early planting dates of these wheat
cultivars are the same. Figures (1 and 2). Correlations between morpho-physiological, quality, and
yield-related traits with total cumulative early planting date vigor response index are shown in Fig.
3, with the coefficient of determination (r?) values, which give the percentage of total differences
response index described by each independent variable. An overall high linear positive correlation
was observed between the quality traits (r> = 0.74) and the TRI-e. On another hand, moderate
correlations were observed between TRI-e and vyield-related traits (r> = 0.65), and weak
correlations were observed between TRI-e and morphophysiological traits (r> = 0.46) for the
selected wheat cultivars (Figure. 3).
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Figure 1. The relationship between total cumulative early planting date vigor response index and
very early or early planting date vigor response indices of eight wheat cultivars.
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Figure 2. The relationship between cumulative very early planting date vigor response index and
cumulative early planting date vigor response index of eight wheat cultivars.
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15 ' W Yield-related traits, 4.27 + 0.47x; " = 0.65

Cumulative Very Early or Early Planting Date
.....Vigor Response Index of Parameters .
@
«
>
L |
L |

35 36 37 38 39 40
Total Cumulative Early Planting Date
Vigor Response Index

Figure 3. The relationship between total cumulative early planting date vigor response index and
morpho-physiological (closed circle), quality (open circle), and yield-related (triangle)
individual response index of eight wheat cultivars.

According to Figure 4, 76% of the total variation in the cumulative late planting date vigor
response index (TRI-I) was explained by the cumulative very late planting date vigor response
index while just 49% of the total variation in the cumulative late planting date vigor response index
(TRI-I) was explained by the cumulative late planting date vigor response index. There is no
relationship between the cumulative late planting date vigor response index and the cumulative
very late planting date vigor response index (r? = 0.07) Figure 5. An overall very high linear
positive correlation was observed between the yield-related traits (r> = 0.86) and the TRI-I. In
contrast, very weak correlations were observed between TRI-I and morpho-physiological traits (r2
=0.02) and quality traits (r*= 0.19) for the selected wheat cultivars (Figure 6).

A similar response index has been used as selection criteria for phenotyping cereals and
legume crops for abiotic stress tolerance, such as cold tolerance (Wijewardana et al., 2015),
drought tolerance (Singh et al., 2017; Lone et al., 2019), salt tolerance (Kakar et al., 2019), and
low or high-temperature tolerance (Jumaa et al., 2020; Reddy et al., 2021).
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Figure 6. The relationship between total cumulative late planting date vigor response index and
morpho-physiological (closed circle), quality (open circle), and yield-related (triangle)
individual response index of eight wheat cultivars

CONCLUSION

Selected wheat cultivars were evaluated for planting date responses. The very early and very late
planting date treated plants showed significantly lower morpho-physiological, qualitative traits,
and yield-related parameters. Al-Hashimiya cultivar was shown to be the most tolerant to early or
late planting dates among wheat cultivars. The moderate coefficient of determination between total
cumulative early planting date vigor response index (TRI-e) and cumulative very early planting
date vigor response index (CRI-ve) or cumulative early planting date vigor response index (CRI-
e) (r2=0.70 and r2 = 0.60) respectively, for the studied eight wheat cultivars. This result indicates
that very early and early planting date tolerance mechanisms are different and selection must be
made independently in developing tolerance to very early and early planting dates. However, a
strong, positive, and linear coefficient of determination between the total cumulative late planting
date vigor response index (TRI-I) and total late yield-related response index (r2 =0.86,n=8; p =
0.01. This may imply that yield-related traits are vital for selecting late planting dates more than

morpho-physiological and quality traits.
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