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Abstract

Twenty-five mutant/recombinant lines and the two parental forms of winter wheat were taken into study to assess
the correlations between grain yield and some quality traits. This investigation was carried out at ARDS Caracal
of University of Craiova, during 2015-2018 cropping seasons in randomized blocks design with 3 replications. It
included two factors: A— influence of climatic conditions (2016-2017 favorable conditions (A;); 2017-2018 less
favorable (A,) and 2018-2019 abnormal conditions (As) and b — genotype. Observations were recorded after
harvest for grain yield and some quality traits every year after harvest. All the analyzed traits such as proteins,
starch, TKW, seeds number/ear, seeds weight/100, seeds weight/ear indicate the experimented material combine
well high level of yield and superior quality percent in the grains.
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1. Introduction

Globally, demand for wheat by 2050 is predicted to increase by 50 percent from present’s levels, so identification
of better genotypes with desirable traits is an important objective in every breeding programms.

Agriculture plays a central role in the economy of the southern region of Romania. Here, modern crop technologies
have come to provide record harvests on some farms, but sometimes agricultural production is highly dependent
on weather conditions.

In 2015, Romania was the 12th largest world grain exporter and ranked 3rd in the EU member states (28), and in
2017 it became the main cereal exporter in the European Union (https://uefiscdi.gov.ro).

Innovative plant improvement techniques respond in part to current challenges. So, improving the quality of the
plants has been and is still a significant objective in the activity of breeders, who must create new varieties, which
will yield higher yields of useful substances per hectare, with a better nutritional or commercial value.

A basic factor in improving the quality of cultivated plants is the value and diversity of biological material, which
must be rich in quality genes or genotypes. The quality traits of the plants are genetic, determined monogenic or
polygenic.

Wheat quality is as important as production capacity. The attention paid to improving the quality is highlighted by
the numerous meetings and the large volume of research undertaken. They established that both protein and gluten
content are heritable traits caused by quantitative physiological differences or as a result of processes of internal
elements directed by a particular gene or combination of genes.

Considerable research in the past decade has been devoted to novel techniques and methodologies in wheat
biotechnology. The integration of novel techniques and methods into wheat breeding programs is necessary to
facilitate continued and accelerated progress in producing new wheat lines. In the past two decades, developments
of in vitro culture techniques have enabled the production of large numbers of haploid plants, especially in cereals.
Of these techniques, anthers culture and chromosome elimination in inter-generic crosses have been the most
widely used. The production of DHs has been an important development in wheat breeding,

because, after chromosome doubling to recover fertility, the recovery of homozygous lines can be achieved in a
single generation. This can significantly reduce the time taken before advanced comparative trials can be made
and new commercial cultivars identified.
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Induction of mutations is another possibility to improve quality traits and a useful method to generate new wheat
lines. Mutation breeding induces mutations, usually in the seed and includes exposure of seeds to ionizing radiation,
ultraviolet radiation or chemical mutagens. The yield and quality of a wheat crop is determined by the complex
interaction of water availability, nutrition, environment, pest and disease and genetic make-up (Nuttall, J.G. et all.,
2017).

The establishment of yield performance and their correlation with some quality characteristics in some
mutant/recombinant wheat lines was the purpose of this study.

2. Material and Method

Field experiments were conducted in the ARDS Caracal (44"7' north latitude and 24"21' east longitude) placed in
South Romania over three growing seasons (2016-2019) on a chernozem soil. 10 mutant/recombinant lines of
wheat were sown in October at a seeding rate of 400 seeds m”. Every year, before planting, phosphate was added
into the soil at an amount of 70 kg P/ha and nitrogen fertilizer as ammonium nitrate was incorporated also at a rate
of 65 kg N/ha. Most of the experimented lines are mutant/recombinant of Izvor variety which was created at
NARDI Fundulea, through sexual hybridization, followed by repeated individual selection; it is precocious and
has good resistance to fall and winter frost. It is resistant to drought (it has the ormo-regulatory gene) and is
recommended for production expansion in the south and east areas of the country while other lines become from
breeding line F00628-24
(http://www.madr.ro/docs/cercetare/Rezultate activitate de cercetare/INCDA_Fundulea.pdf).

The analyzed characters were: yield, protein content, starch content, one thousand kernel weight (TKW), seeds
no./ear, seeds weight/100 1, seeds weight/ear.

Protein and starch concentration was determined using a Perten Infrared Analyzer. TKW and seeds weight was
measured by an electronic caliper (100 randomly grains of each wheat line).

Data were statistically analyzed and means were compared by least significant differences (LSD), P=0.05%.
Correlation analysis and coefficients were compared after Pearson significance values and Principal Component
Analysis (PCA) was performed based on the analyzed indices. Both correlation and PCA were performed by IBM
SPSS Version 2011 and MS Office Excel 2016.

The experiment included two factors: A factor - the environment, with 3 graduations (A, A, and As) and B factor,
genotype, with 10 genotypes (Gi-Gio).

The graduations of A factor, A; A,, Az, were considered the vegetation years 2016-2017, 2017-2018 and 2018-
2019, the environment influencing decisively the crops behavior.

In the case of temperature analysis, in the 10 months of multi-annual vegetation the average is 9.85°C. The closest
value is recorded in 2016-2017, with an average of 9.49°C, with 0.36°C below the multiannual value, while in the
other two years of experimentation there were registered higher values of 10.7°C in 2017-2018 and a positive
deviation of 0.85°C and 10.69°C respectively in the year 2018-2019 and a positive deviation of 0.84°C.

Regarding the analysis of the temperatures according to the vegetation phases of the plants, in the first part
respectively from the sowing and until the exit of winter of the plants (the period of October-February), it should
be noted that in comparison with the multiannual average, the first year of experimentation is noted through an
extremely low period in January (average temperature -6.1°C and a deviation of -7°C), otherwise the monthly
deviations from the multiannual monthly averages have no exaggerated values (table 1).

The same situation is found in the interval in which the plants accumulate the thickness of vegetative mass (March-
July), the monthly deviations from the multiannual monthly averages being rather within limits that can be
considered normal.

Table 1. The variation of the temperatures recorded in the years of experimentation and the calculation of
deviations from the multiannual values

Month
Oct. Nov. Dec. Jan. Feb. March. Apr. May June July Average
Year

Value 10.7 55 0.7 -6.1 0.00 8.8 10.6 169 235 243 9.49
Deviation -0.5 0.2 0.5 -7 -14 2.8 09 -06 22 11 -0.36

2016-2017
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Value 121 65 3.1 0.8 1.00 3.8 16.1 19.6 22.1 219 10.70

2017-2018
Deviation 0.9 1.2 29 -01 -04 -2.2 46 2.1 08 -13 0.85
Value 13.8 5.1 02 05 320 9.1 12 17.1 228 23.1 10.69

2018-2019
Deviation 2.6  -0.2 0 -04 1.8 31 0.5 -04 15 -0.1 0.84
Multianual 112 53 02 09 140 6 1.5 17.5 213 232 9.85

In the case of precipitation analysis, the multiannual average amount was 429 mm, the highest value being recorded
in 2016-2017 with an amount of 604.4 mm and a positive deviation of 175.1 mm. In the second year of
experimentation, a precipitation amount of 448 mm was recorded, with a positive deviation from the average
multiannual amount of 18 mm (Table 2).

The lowest value is recorded in the case of 2018-2019 with a value of 387.5 mm/year and a negative deviation
compared to the multiannual of 41.8 mm. In the analysis of the monthly values, in the first part of vegetation
period, the first year of experimentation is noted by higher levels of precipitation compared to the multiannual
average, both at arise and tillering, the winter period bringing in quantitative significant precipitations. In the
period of intense growth in the spring (March-April) were also recorded higher values well above the multiannual
average, which favored the intense development of the plants. The month was poorer in precipitation, but the
negative deviation was reduced in value (-8.1 mm), being supplemented by the precipitations that occurred in
March and April.

Regarding the experimentation year 2017-2018, although at dawn there was sufficient rainfall to allow germination
and planting, in winter the accumulated rainfall was modest in value, with negative deviations from the average
multiannual values, as in small quantities of water were accumulated, which did not allow a good development of
the plants in the first part of the spring. Only towards the end of March, when the plants had entered well into the
vegetation and on a drought background in the soil, there were consistent precipitations. April came much closer
to the normal values recorded, while the month of May came with consistent rainfall, but in this same period the
plants had finished their period of growth and accumulation of vegetative mass.

Regarding the year 2018-2019, October was a very poor one in precipitation, only towards the end of November,
significant quantities of precipitation were recorded, so that the plants had major difficulties in the germination
and sprouting process. Subsequently, during the winter, in the background of the drought in the autumn, the water
supplies from the soil were not restored, which was accentuated in the first part of the spring, so that the plants
suffered from water stress. Only in May it was recorded precipitations close to normal, but their development cycle
had been seriously affected.

Table 2. The variation of precipitation recorded during the years of experimentation and the calculation of
deviations from the multiannual values

Month
Oct. Nov. Dec. Jan. Feb. March Apr. May June July Sum
Year

Value 46 63.8 103 38.8 56.4 86.4 104.6 55.6 102 39.6  604.40

2016-2017
Deviation 5.6 11.4 56.3 0.7 185 45.6 52.7 -81 7.3 -149 175.10
Value 56 48 14 6.8 124 53 54 848 17.6 1014 448.00

2017-2018
Deviation 15.6 -4.4 -32.7 -31.3 -25.5 12.2 2.1 21.1 14.7 46.9 18.70
Value 7.4 46.8 534 38.6 142 252 444 69 285 60 387.50

2018-2019
Deviation -33 -5.6 6.7 0.5 -23.7 -15.6 -7.5 53 256 5.5 -41.80
Multianual 40.4 52.4 46.7 38.1 37.9 40.8 519 63.7 29 545 42930
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3. Results and Discussions

Quality characteristics (content of proteins and starch,) are strongly influenced by environment conditions and
fertilization. Proteins are stable constituents in dry grains.

Proteins content from wheat grains may vary from less than 6 % to more than 20% and are distributed over the
whole grain. The applying of fertilization during growing is essential for optimal plant development. Nitrogen (N)
fertilization is, in particular, important for common wheat, because a high N supply provides high protein content.

It seems that for the experimented areal, the lines presented superior genetic potential, both for yield and some
productivity elements and for quality.

3.1 Influence of A Factor

As concern yield analysis, TKW, no. of seeds/car and seeds weight/ear, the highest value is registered at the A;
graduation, which recorded significant differences compared to the values recorded by the other two graduations
and between these there is a significant difference.

In the case of protein content, the highest value was registered at the A; graduation, which records significant
differences compared to the values recorded by the other two graduations and between these, there is also a
significant difference. Regarding the starch content, the highest value is registered at the A, graduation, with
significant differences compared to the values recorded by the other two and between these, there is a significant
difference.

In the case of seeds weight/100 1, the highest value was registered at the A; graduation with significant differences
compared to the values recorded by the other two and between the latter not registering a significant difference
(table 3).

Aslani, F. et all., 2013 stated that water stress and high temperature are the principle environmental parameters
affecting wheat grain quality under Mediterranean conditions. Also, drought stress environments are generally in
relation to a rise in protein content (Pompa, M. et al., 2009).

It can be seen from these results that abiotic stress influences yield and quality and it is difficult to calculate exactly
how it will affect crops. In the future, the productivity of major crops is expected to decline in many countries of
the world due to global warming, lack of water and other environmental impacts (Ali Raza et all., 2019).

Analysis of variance revealed significant differences among a category of amphidiploids and mutant/recombinant
genotypes for many morphological characters of wheat, due mostly to the influence of the climatic conditions of
the region (Iancu Paula et all., 2019 a).

Table 3. Influence of A factor upon studied characters’ variability

Character Protein  Starch TKW Seeds

Yield (kg/ha) Seeds weight/100 1 Seeds weight/ear
A graduati (%) (%) (2) no./ear

Ay 6998.2° 12.36° 74* 49.20*  65.81° 78.182 2.97*

A 5467.6° 11.69¢ 7232 4539  49.86° 77.73% 2.88°

A3 3846.9° 12,928 71.33° 43.48 5823 76.81° 2.74¢
Average 5437.5 12.32 72.55 46.02 57.97 77.57 2.86
LSD 109.38 0.321 0.379 1.056 1.248 1.014 0.107

3.2 Influence of B Factor

In the case of yield analysis the first five genotypes differ significantly from all the others and between them there
are no statistical differences.

For protein content, the highest value was recorded by genotype Bs, this differing significantly compared to the
last 5 classified genotypes.

In the case of starch content, the most productive genotype Bi records the highest content, differing significantly
from all other genotypes, except with the exception of the second classified genotype. As concern TKW analysis,
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the most valuable result was recorded by genotype B,, which differs significantly from all other analyzed
genotypes (table 4).

Regarding the seeds no./ear, the first classified genotype differs significantly compared to the last 7 classified, this
being the most productive. For seeds weight/100 1, the best results are recorded by genotypes Bs and Bs, which
differ significantly compared to the last 4 classified genotypes. Concerning seeds weight/ear, the first 3 classified
genotypes, which are also the most productive, register significant differences compared to all the other genotypes
analyzed.

Table 4. Influence of B factor upon studied characters’ variability

Character  Yield Protein Starch Seeds Seeds Seeds
TKW (g)
B graduatio (kg/ha) (%) (%) no./ear  weight/1001 weight/ear

B: 5945.00° 11.67¢ 74.07% 45.475¢ 62.07* 78.30 3.30°
B; 5958.33% 11.97% 73.40% 52.28* 61.67% 78.123b 3.26*
B; 5858.67* 12.07¢¢ 73.13° 46.64% 60.733 77.73% 3.23¢%
B, 5773.33% 12.2754 73.03° 45.535d 59.53b 78.174 2.92°
Bs 5785.00* 12.23b 72.87°% 44.96°¢ 58.20° 79.03? 2.89°
Bs 5156.33% 12.47%4 72.27¢ 47.02° 56.87¢ 78.98* 2.88°
B, 5253.33% 12.37%4 72.20¢4 44.94¢ 56.53¢ 77.12° 2.65¢
Bs 4934.00¢ 12.90* 71.97¢ 43.67% 56.27% 76.93° 2.59¢
By 4780.67¢ 12.7020 71.70¢ 46.18% 54.07¢f 76.60° 2.56°¢
Bio 4930.33¢ 12.60%¢ 70.87¢ 43.55% 53.73F 74.73¢ 2.344

Average 5437.50 12.32 72.55 46.02 57.97 77.57 2.86

LSD 5% 199.70 0.586 0.692 1.929 2.279 1.851 0.196

Literature ensures greater variation in protein content. It has been reported wider germplasm screens with the
comparison of 212.600 lines in the World Wheat Collection showing a range from about 7 to 22% protein on a
dry weight basis (Vogel, K.P. et all., 1976).

Lines with higher grain protein contents presented lower starch percent. lancu Paula et all., 2018 a, also reported
some amphidiploids lines which presented high quality characteristics in combination with other agronomic
desirable characters and represent valuable genes sources which can be incorporated into future wheat breeding
programs and other genetic studies.

As concern protein content of the whole grains flour of some mutant/recombinant lines, highly significant
differences were detected and some of them could be grown as a new and suitable release for the experimented
region (Iancu Paula et all., 2018 b).

Starch is the major storage carbohydrate of cereals and an important part of human

nutrition and lately became also an important feedstock for bioethanol or biogas production. The result for starch
percent for the mutant/recombinant lines ranged from 70.87% (B1¢) to 74.07% (B1). Shewry, P.R., 2013 sustained
that the increases in starch content are largely responsible for the increases in grain size achieved by breeding
programs in order to produce high-yielding wheat varieties (table 5).

Table 5. Influence of A and B factors interaction upon studied characters’ variability

Character Yield Protein Starch TKW Seeds  Seeds weight/ Seeds
ajb; variant (kg/ha) (%) (%) (2) no./ear 1001 weight/ear
aib 7900.00°  12.00¢ 75.30° 48.55f 70.202 79.10%4 3.47*
aib, 7840.00°  12.10%h 74.90 57.20° 69.60° 79.00%¢ 3.36%
aibs 7827.00°  12.40¢ 74.30*° 49.50>¢  67.60% 78.60%¢ 3.32%¢
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ajby 7760.00°  12.10%" 74.20%4 48.28>F  66.40%¢ 77.00%¢ 3.02¢h

ajbs 7735.00°  12.00% 73.90¢ 47.65¢¢  65.10>4 79.80° 3.01¢h

aibs 6320.00°  12.60°f 73.800¢ 50.08  64.80%4 79.75%® 2.984h
aiby 6320.00° 12.10¢h 73.700f 50.00%4  64.60°4 77.85%¢ 2.77¢k
aibg 6170.00%  12.60°>F 73.50¢¢ 46.67%"  64.00%4 77.65%¢ 2,700
aiby 6092.00  12.80¢ 73.30°0 49.46>  63.20% 77.00%¢ 2.69t-m
aibio 6016.00>4  12.90% 73.10%h 44.638%  62.60%¢ 76.054F 2.37m°
axb; 5750.00%  11.00! 74.40% 46.44¢ 53.60" 78.40%4 3.32%¢
arby 5864.00¢¢  11.30M 72.90% 51.09° 53.40M 78.25%¢ 3.31%d
arbs 5642.004F  11.40¢ 72.80% 42.98™ 53,00 77.50%¢ 3.30+4
arby 5635.00°F  11.60% 72.60% 47.50<¢  52.007k 79.30%¢ 2.90¢4
arbs 5520.00¢  11.70% 72.4087 4416 50.40'¢ 79.20%4 2.87%
arbs 5312.00%  11.80°1 72.30h7 45.615 49.20% 79.20%4 2.87%
arby 5628.00°  12.00% 72.30h7 44.87¢ 48.80% 77.00%¢ 2.680-m
arbg 5075.005  12.00% 71.80 43.21  48.60m 76.80%¢ 2.601°
azbyg 5125.005  12.00% 71.305! 44,508k 45.00™ 76.500¢ 2.581°
arbio 5125.00¢  12.10°h 70.40™ 43.57"m  44.60™ 75.10¢ 2.34m
azb; 4185.00"  12.00%1 72.50¢ 41.42%"  62.40% 77.40%¢ 311
azby 4171.00"  12.50°f 72.4087 44.55¢%  62.00% 77.10%¢ 3.100¢
azbs 4107.00"  12.40°¢ 72.30h 43.44bm  61.60% 77.10%¢ 3.07%¢
azby 3925.00™  13.10%° 72.30h 40.80™  60.20%F 78.20%¢ 2.83%
asbs 4100.00%  13.00°¢ 72.30h 43.08™  59.10°¢ 78.10%¢ 278
aszbs 3837.00™  13.00%¢  70.70%™ 45.38% 56.60h 78.00%¢ 278
azby 3812.0087  13.00°4 70.60' 39.96" 56.20¢ 76.500¢ 2.50
asbsg 3557.000 14.10° 70.60'™ 41,12 56.20¢ 76.35¢¢ 247k
azboy 3125.00  13.30% 70.50™" 44.57¢%  54.00M 76.30¢¢ 2.42%
azbio 3650.009  12.80°¢ 69.10" 42 .44 54.00M 73.05F 2.31°
LSD 345.88 1.015 1.199 3.341 3.948 3.206 0.340

PCA analysis indicates that the first two components account for 78.78% of the total version, of which the first
component registers 60.8% and the second component 17.93% (table 6).

Table 6. Total Variance Explained

Initial Eigenvalues Extraction Sums of Squared Loadings
Component - - - :
Total % of Variance =~ Cumulative % Total % of Variance = Cumulative %
1. 4.256 60.807 60.807 4.256 60.807 60.807
2. 1.255 17.932 78.739 1.255 17.932 78.739
3. 0.671 9.581 88.319
4. 0.405 5.791 94.110
5. 0.274 3.908 98.018
6. 0.082 1.164 99.183
7. 0.057 0.817 100.000

257 Published by IDEAS SPREAD



as.ideasspread.org Agricultural Science Vol. 2, No. 1; 2020

Extraction Method: Principal Component Analysis.

In a similar experience, but in groundnuts, PCA analysis accounted 95.57% with the first PC of 74.38 % whereas
the second PC of 21.19% (Iancu Paula et all., 2019 b).

Analysis of the first component indicate positive values for all analyzed characters except the protein content, so
this component can be considered as an identifier for the variants with high production results, with good starch
content and high value yield elements. For the second component, positive values for protein and seeds no./ear are
recorded, so it is an identifier for high-protein variants with high values for TKW and seeds no./ear (table 7).

Table 7. Character Component score Method: Principal Component Analysis 2 components extracted

Character  Yield Protein Starch TKW  Seeds Seeds Seeds
Component (kg/ha) (%) (%) (g) no.ear weight/1001 weight/ear

1 0.870 -0.542 0954  0.803  0.607 0.765 0.836

2 0.028 0.798 0.100 0.112  0.744 -0.112 -0.170

The first group consists of 9 variants that have both positive components, these variants being: a;by, a;b,, aibs, ajbs,
aibs, ajbs, a1b7, a1bg and a;be. This group is characterized by the fact that almost all genotypes are present at A;
graduation. In other words, A; graduation determines for all genotypes the highest production values, high protein
and starch content and very high values of the production elements (chart 1).

The second group consists of 6 variants respectively abi, a;b,, asbs, asbs, asbs, and a,be, variants having the first
positive and the second negative. Characteristic for this group is the fact that it was identify the first 6 genotypes
as yield potential under the conditions offered by the A, graduation, this resulting in lower yields compared to the
first graduation, the lowest protein content, high starch content and yield elements with highest values for seeds
weight/100 1 and respectively for seeds weight/ear.

The third group consists of 5 variants respectively a>bs, asbs, azbg, a2bio and respectively, asb;, variants that have
both negative components, being genotypes less productive under the conditions offered by A, graduation or B;
genotype under Az graduation conditions. A, graduation provides for these genotypes poor production results and
low protein and starch content, with low production elements.

The fourth group consists of 10 respective variants a;bio, asb, asbs, asba, asbs, asbe, asbs, asbs, azbe and asbi, variants
having the first negative component and the second positive. Characteristic for these groups is the fact that it is
represented by all genotypes in the conditions offered by the Aj; graduation, which determines the poorest
production results, the highest content of protein, the lowest content of starch and production elements with modest
values.
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Chart 1. Distribution of the analyzed variants by groups according to PCA analysis

Analysis of cereal productivity data for the last few decades reveals considerable increase in yield, but it appears
that negative impact of climate change have large influence in vegetation period. Drought conditions are a frequent
impediment to maximized production. Plants are sensitive to short-term changes in weather and to seasonal, annual
and longer-term variations in climate. For every degree increase in mean temperature, grain yield decreased by
428 Kg/ha (Khan, S.A., et all., 2009). Climate change proved to have negative effect on yield and productivity of
agricultural crops.

Genetic variability and character association is a pre-request for improvement of any crop and for selection of
superior genotypes and improvement of any trait (Krishnaveni, B. et al., 2006).

In this study, the correlation coefficients between the studied characters were calculated according to each group
resulting from the PCA analysis (table 6).

The correlation between yield and protein is very strong in productive genotypes both under favorable conditions
(A)) and less favorable (A;) and weak at low productive genotypes or under abnormal conditions (As3), irrespective
of the biological production potential of genotypes.

The correlation between yield and starch is strong for all genotypes under favorable conditions (A;) or abnormal
conditions (A3) and becomes insignificant for genotypes with lower biological potential under A, conditions. Also,
the correlation between yield and TKW is very strong in genotypes with lower biological potential under A,
conditions. Regardless of conditions or biological potential between yield and seeds no./ear there is a very strong
correlation. Seeds weight/100 1 influence production only on genotypes with high biological potential and under
A; conditions.

Under favorable conditions (A;) or less favorable (A,), regardless of the biological potential seeds weight/ear
strongly influences yield. The relationship between protein and starch is strong and indirect under favorable
conditions (A;) and normal conditions (A») regardless of biological potential. No relationship between protein and
TKW was identified regardless of biological potential or experimental conditions. The relationship between
protein and seeds no./ear is strong and inverse under normal conditions (A») to genotypes with high biological
potential.

The correlation between protein and seeds weight/100 1 is strong and inverse under normal conditions for
genotypes with low biological potential. The relationship between protein and seeds weight/ear is strong and
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inverse, regardless of biological potential or experimental conditions. Only under favorable conditions (A) can a
relationship between starch and TKW be identified.

The relationship correlation between starch and seeds no./ear is strong and inverse regardless of the biological
potential or conditions of experimentation. There is a strong direct relationship between starch and seeds
weight/100 1 in abnormal conditions (A3) regardless of biological potential. The correlation between starch and
seeds weight/ear is strong and direct regardless of the biological potential. The relationship between TKW and
seeds no./ear is strong and inverse under normal conditions (A,) genotypes with low biological potential. The
relationship between TKW and seeds weight/100 1 was not identified, regardless of the biological potential and
experimental conditions.

A strong inverse relationship between TKW and Seeds weight/ear normal conditions (A») can be identified in
genotypes with low biological potential. The correlation between seeds no./ear and seeds weight/100 1 is very
strong under normal conditions regardless of the biological potential.

The correlation between seeds no./ear and seeds weight/ear is very strong and direct regardless of the biological
potential and conditions of experimentation. The correlation between seeds weight/100 1 and seeds weight/ear is
very strong and direct, regardless of the biological potential under favorable conditions (A;) or abnormal (A3) and
inverse less favorable conditions (A») (table 8).

Table 8. Variation of correlation coefficients between studied characters depending on variant groups resulted after
PCA analysis

PCA groups according to components

Crt 5 & & & 8 & & &
rvalues g = g g £ = £ g
no. o] o] o o o] o Q o
Correlation relationship © © © © © © o0
+ + + - - - - +
1.  yield/protein -0.733%%%  ().808%** 0.104"s -0.324ns
2. yield/starch 0.807%** 0.576* -0.269 0.687%**
3. yield TKW 0.235" 0.574* 0.945%** 0.281"
4. yield/seeds no./ear 0.815%***  (.937***  _0.807*** (. 733%**
5. yield/seeds weight/100 1 0.355" -0.541* -0.316™ 0.043"
6. yield/seeds weight/ear 0.853*** (), 782%** -0.697** -0.018
7. protein/starch -0.660***  -0.927***  -(.834%**  _(.342"
8.  protein/TKW -0.170™ -0.289™ 0.023"s -0.370™
9. protein/seeds no./ear -0.615™ -0.897*%* -0.406™ -0.495%%*
10.  protein/seeds weight/100 1 -0.325" 0.624**  -(0.928%** 0.001"
11.  protein/seeds weight/ear -0.551%*  -0.885%**  .0.641** -0.522%%*
12.  starch/TKW 0.418%* 0.152" -0.298" 0.235"
13.  starch/seeds no./ear 0.989%** 0.697** 0.736** 0.941%**
14.  starch/seeds weight/100 1 0.409* -0.384 0.971***  (0.622%**
15.  starch/seeds weight/ear 0.944*** 0.682%** 0.859%** 0.555%*
16.  TKW/seeds no./ear 0.483* 0.353" -0.826%** 0.219™
17.  TKW/seeds weight/100 1 0.218" 0.107" -0.290" 0.093"s
18.  TKW/seeds weight/ear 0.421* 0.234"s -0.656** 0.203™
19.  seeds no./ear/seeds weight/100 1 0.378 -0.709%**  (.694%*** 0.461*
20.  seeds no./ear/seeds weight/ear 0.958%**  (.885%**  (.952%**  (.619%**
21.  seeds weight/100 I/seeds weight/ear 0.533*%*%  -0.891***  (.855%**  (0.668%**
22. r significance P 5% 0.380 0.468 0.514 0.361
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23. levels P1% 0.486 0.589 0.641 0.462

24, P0.1% 0.597 0.708 0.760 0.570
Two tailed significance levels of the Pearson correlation coefficient

4. Conclusions

The first graduation of factor A is decisive regarding the expression of the yield potential for all genotypes, while
the Az graduation is decisive regarding the protein content.

Concerning the B factor influence, the genotype, on yield potential, it is decisive in the A, graduation conditions,
where even the least productive genotypes obtain superior results compared with the results obtained by the best
genotypes under A, and A3 graduations conditions.

Under the conditions offered by A; graduation, almost all genotypes obtain the highest protein content and record
the lowest production results.

The first two graduations of factor A are decisive regarding the first two groups of variants. Thus, the variants in
the first group are almost all genotypes on A; graduation, while the variants in the second group are the first 6
genotypes as biological potential under the conditions offered by the A, graduation.

In relation to the analysis of the correlations between the studied characters, certain correlations are universally
valid regardless of the group of variables analyzed, among them we mention: yield and seeds no./ear, starch and
seeds weight/ear, seeds no./ear and seeds weight/ear, seeds weight/100 1 if seeds weight/ear.

Only one relationship was found to be insignificant regardless of the analyzed group, the one between TKW and
seeds weight/100 1, otherwise said regardless of genotype and environment for the analyzed genotypes, there is no
relationship between the two characters.

The relationship between yield and protein is strongly indirect only in favorable conditions that allow the
expression of a high biological potential, in unfavorable conditions, the drastic decrease of the yield no longer
allows the identification of a relationship between the two analyzed characteristics.

References

Aslani, F., Mehrvar, M. R., Nazeri, A., & Juraimi, A. S. (2013). Investigation of wheat grain quality characteristics
under water deficit condition during post-anthesis stage. ARPN Journal of Agricultural and Biological
Science, 8(4), 273-278.

lancu, P., Panita, O., & Soare, M. (2019b). Evaluation of Drought Tolerance Indices and Nitrogen Fertilization for

Some Groundnut (Arachis hypogaea L.) Genotypes. Agricultural Science, 1(1), 18-29.
https://doi.org/10.30560/as.vinlpl8

lancu, P., Soare, M., & Panita, O. (2019a). Comparative study concerning the variability of few quantitative
characters of some new wheat germplasm. SCIENTIFIC PAPERS SERIES A-AGRONOMY, LX1I(1),316-321.

lancu, P., Soare, M., & Panita, O., (2018a). Analysis of some quality components to few amphidiploid lines of
wheat. Scientific Papers. Series A. Agronomy, LXI(1),234-239.

Iancu, P., Soare, M., & Soare, R. (2018b). Quality characteristics of whole grains flour of some mutant/recombinant
winter wheat lines. 18th International Multidisciplinary Scientific Geoconference, Volume 18, Nano, Bio.
Green and Space Technologies  for a Sustainable Future, 6(2), 489-496.
https://doi.org/10.5593/sgem2018/6.2/S25.065

Khan, S. A., Kumar, S., Hussain, M. S., & Kalra, N. (2009). Climate Change, Climate Variability and Indian
Agriculture: Impacts Vulnerability and Adaptation Strategies. In S.N. Singh (ed.), Climate Change and Crops,
Environmental Science and Engineering, Springer-Verlag Berlin Heidelberg. https://doi.org/10.1007/978-3-
540-88246-6 2

Krishnaveni, B., Shobharani, N., & Ramprasad, A. S. (2006). Genetic parameters for quality characteristics in
aromatic rice. Oryza, 43(3), 234-237.

Nuttall, J. G., Leary, G. J., Panozzo, J. F., Walker, C. K., Barlow, K. M., & Fitzgerald, G. J. (2017). Models of
grain quality in wheat - A review. Field Crop Research, 202, 136-145.

Pompa, M., Giuliani, M.M., Giuzio, L., Gagliardi, A., Di Fonzo, N., & Flagella Z. (2009). Effect of sulphur
fertilization on grain quality and protein composition of Durum Wheat (7riticum durum Dest.). Ital. J. Agron.,

261 Published by IDEAS SPREAD



as.ideasspread.org Agricultural Science Vol. 2, No. 1; 2020

4, 159-170. https://doi.org/10.4081/ija.2009.4.159

Raza, A., Razzaq, A., & Mehmood, S. S., et al. (2019). Impact of Climate Change on Crops Adaptation and
Strategies to Tackle Its Outcome: A Review. Plants (Basel), 8(2), 34. https://doi.org/10.3390/plants8020034.

Shewry, P. R., Hawkesford, M. J., Piironen, V., Lampis, A. M., Gebruers, K., Boros, D, ... Ward, J. (2013). Natural
Variation in Grain Composition of Wheat and Related Cereals. J. Agric. Food Chem., 61(35), 8295-8303.
https://doi.org/10.1021/j£3054092

Vogel, K. P, Johnson, V. A., & Mattern, P. J. (1976). Protein and lysine content of grain, endosperm and bran of
wheats from USDA World Wheat collection. Crop Sci., 16, 655-660.
https://doi.org/10.2135/cropscil 976.0011183X001600050014x

http://www.madr.ro/docs/cercetare/Rezultate_activitate de cercetare/INCDA_Fundulea.pdf.

https://uefiscdi.gov.ro.

Copyrights
Copyright for this article is retained by the author(s), with first publication rights granted to the journal.

This is an open-access article distributed under the terms and conditions of the Creative Commons Attribution
license (http://creativecommons.org/licenses/by/4.0/).

262 Published by IDEAS SPREAD




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


