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Abstract

The aim of this study was to analyse e the effect of variety, nitrogen rate and type and their interaction on protein
content and to determine the economic feasibility of varieties and fertilizer application for the highest values. The
subject of the experiment consisted in testing during two wheat growing seasons 2021-2023, twenty-seven winter wheat
varieties fertilized with nitric and ammoniacal nitrogen in three different rates - 120, 150 and 170 kg N ha''. The layout
of the experimental plan was done using stratified randomization block method. Cultivars were factorially combined
and arranged in completely randomized blocks. We concluded that compared with the mean of the experience of
14.75%, variety and nitrogen fertilization systems interaction had a significant effect on wheat protein content. The
highest protein content was obtained by the Tika Taka variety - 15.78%. Regarding the fertilization system, with very
significant differences the values above the average of the experience, 15.32%, 15.27% and 15.36% were obtained the
levels of fertilization with nitric nitrogen and those with ammoniacal nitrogen had negative values of 14.04%, 14.20%

and 14.32%.
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INTRODUCTION

Wheat is the second most widespread
cultivated plant in the world, it is estimated that
this crop covers 200 million hectares, able to
grow in temperate, mediterranean and
subtropical regions of the two hemispheres,
thanks to its enormous genetic diversity with
more than 25,000 varieties of Triticum
aestivum L. adapted to different climate and
soil conditions (Frankin et al., 2021; de Sousa
et al, 2021). Due to relatively modest
cultivation requirements, high adaptability to
climate and soil, and high nutritional value,
wheat spread rapidly from its center of origin, a
small area in the Middle East (Jordan,
Palestine, and Lebanon) to Syria, Turkey, Iraq
and Iran and then around the world, propelling
itself into the orbit of eternity thanks to its
importance (Harari, 2015).

Nitrogen is an important factor limiting plant
growth and consequently wheat pro-duction
and quality worldwide. Plants consume
nitrogen present in both the atmospheric air and

408

soil minerals. The ability of plants to take up
nitrogen naturally or applied as fertilizers is
one of the critical factors limiting the efficient
use of N by plants. Despite the fact that N is
one of the most abundant elements on earth,
nitrogen deficiency is one of the most common
problems affecting wheat plant growth and
development (Rossini et al., 2018; Noor et al.,
2023).

Wheat generally contains 3-5% nitrogen in its
tissue biomass, which is by far the most
important soil-derived nutrient outside of
oxygen, hydrogen, and carbon (Ali et al.,
2011). Nitrogen has a complex role, it is
responsible for plant growth and development,
involved in a wide range of physiological
processes such as photosynthesis, protein
synthesis and enzyme activity, it is a
constituent of nucleic acids (DNA and RNA),
proteins, enzymes, cell wall and pigment
system, amino acids, vitamins (biotin, thiamin,
niacin and riboflavin), all proteins and a wide
range  of  nitrogen-containing  organic
molecules.  Nitrogen assimilation occurs



throughout the growing season, but with
different intensities depending on the growth
and development phenophase and critical
periods of nutrition (Ali et al., 2011;
Barraclough et al., 2014).

Nitrogen is indispensable for both production
yields and wheat quality. The benefits of
nitrogen fertilizer on yield and quality depend
on the rate and timing of application (Grzebisz
et al., 2023; Bogard et al., 2010).

The use of mineral fertilizers in agricultural
systems for growing wheat is essential to
support the growing world population. Wheat
is demanding in terms of fertilization, be-cause
the root system is poorly developed, given the
architecture of the root, therefore it explores a
small volume of soil and has a low power to
solubilize and absorb nutrients from the soil
reserve (Ma et al., 2021).

Nitrogen is the essential element for increasing
production yields and economic profitability.
Nitrogen availability for wheat production is
almost as important as soil water availability.
Without an adequate N supply, all growth
stages are severely stunted (Zhong et al., 2019;
Song et al., 2020). N applied at sowing
stimulates tillering and vegetative growth,
while N applied in the generative phases has a
greater influence on the protein concentration
of the caryopses (Habash et al., 2006). Studies
suggest that N use efficiency is higher when N
is applied later (at tillering) than when applied
at sowing (Zhong et al., 2018). Doses, types of
nitrogen fertilizers and the time of N
application influence nitrogen uptake and its
translocation within the plant (Khan et al.,
2022). Thus, the timing of fertilizer application
and doses have a significant role in determining
the amount of absorption and its efficient use
by the plant. N from the above-ground parts of
plants is actively recycled and transported into
plants as they grow. This redistribution of
nitrogen from aboveground parts of wheat has
been studied extensively. The flow and amount
of nitrogen redistributed to developing
caryopses varies according to the availability-
absorption ratio, which is influenced by
climatic conditions (temperature, precipitation)
and inherent properties of plant organs (Ahmed
et al., 2020; Guo et al., 2019). It has also been
suggested that N remobilization from roots may
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play an important role in whole plant N
utilization (Daba et al., 2021).

Increased leaf mass improvement in wheat
plants when nitrate nitrogen fertilizers are
applied compared to ammoniacal nitrogen
fertilizers (Aluko et al., 2023). Growth factors
consisting of tiller number, root volume,
specific leaf mass, standard leaf area, and total
leaf area per-formed better with NO3;™ compared
to NH4" fertilizers. Along with the above, the
use of nitrogen fertilizers based on ammoniacal
nitrogen decreases the nitrate content of plants,
while nitrogen fertilizers based on nitric
nitrogen increase it (He et al., 2022).
Furthermore, a significant decrease in the
soluble sugar content of wheat caryopsis
exposed to NH4" compared to NO; was
observed (Sinha et al., 2020). In addition,
investigations indicated higher plant nitrogen
use efficiency in wheat plants fertilized with
NOs., as well as reduced photosynthesis and
carbon assimilation rates in the case of NH4"
fertilization (Ukalska-lIaruga et al.,, 2020;
Yadav et al., 2023).

Today we share in the success of agriculture’s
evolution - a two-sided coin, given the ever-
growing population and the climate ecrisis.
From 1.6 billion in 1900, the world's
population has grown to more than 7 billion
today and will reach 9 billion by 2050. In this
context, it will be impossible to feed the ever-
growing population without a significant
increase in wheat quality. Data from the United
Nations show us that in the next 30 years the
global demand for food will increase by 70% as
a result of population growth, and the battle of
the future will be over food and water. Food
security is systematically analyzed by the Food
and Agriculture Organization of the United
Nations, which draws attention to the
anticipated food crisis. Thus, international
forums explain why population growth is likely
to outpace production yields and call for
greater investment to keep pace with future
demand. According to a 2022 Food and
Agriculture Organization (FAO) report, global
wheat production was 777 million tons,
production that needs to be doubled by 2050
and tripled by 2100 to ensure food security, as
a result of population growth. How this will be
achieved is unknown, as the extent of
cultivated arable land is not expected to



increase, but rather to decrease as a result of
urbanization, increased soil erosion, and areas
affected by drought and salinization
(UNESCO; FAO 2024; European Commission;
From Farm to Fork; Malinas et al., 2022).

MATERIALS AND METHODS

The study was conducted in 2021-2023 in the
Dudestii Noi experimental fields (45°50'51"N
21°06'30"E, 87 m altitude, Garmin device
GPSMAP 64 st), located in the Western Plain
of Romania, which is a part of one of the
largest agricultural regions of the country. The
territory of the area where the research was
carried out is located in the forest-steppe area,
with a high hydrostatic level of the water table
and differentiated parental rocks, which
determined a varied pedological background.
The formation of sedimentary rocks in this area
is closely related to the existence of the
Pannonian Lake, which, by retreating, created
an area of accumulation of coarse materials
brought to the unstable bed of the Mures River.
The parent rocks, on the basis of which the
soils around the commune of Dudestii Noi
were formed, consist of quartz sands with a
varied content of calcium carbonate, as well as
medium-textured 10essoid materials. In some
places, in micro-depression zones, the water
table has salted the mentioned rocks, thus
forming areas with salinized or alkalized soils.
The experimental field was located on a cambic
chernozem soil, wet phreatic, slightly levigated,
medium clay loam, developed on fluvial,
carbonate, medium fine materials with a well-
defined profile and with insignificant
differences regarding the physical, hydric and
chemical properties. The chernozems in general
and the cambium equally represent soils with a
bioenergetic potential and a good production
capacity. Cambic chernozem is a very deep soil
with loamy texture, generated by transported
and redeposited materials, constituted by
aeolian deposits (loess and carbonate loessoid
deposits) (Crista, 2017). The soil profile is
characterized by the sequence of the following
horizons: Ap, Am, Bv, Ck. Ap horizon: 0-15
cm, gradual transition, dark gray brown clayey
texture, small glomerular structure, plastic,
weak adhesive, small pores, frequent roots, dry.
Am horizon: 15-35 cm, gradual transition, dark
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brown loamy texture, medium glomerular
structure, well developed, plastic, adhesive,
small pores, weak compact, thin roots frequent.
Bv horizon: 35-60 cm, gradual transition, dark
gray-brown loamy texture, medium subangular
polyhedral structure, plastic, adhesive, fine
porous, moderately compact, sparse thin roots,
dry. Ck horizon: 60-100 c¢m, gradual transition,
yellowish brown light gray loamy texture,
subangular and medium angular polyhedral
structure well developed, plastic, adhesive, dry
(Munteanu, 2012).

Physical and hydraulic properties: The loamy-
clay texture - dusty in the first 70 cm and
loamy-dusty in the rest, makes the apparent
density (AD) medium throughout the profile of
the soil, with 1.46 g/cm? in the Ap horizon and
1.58 g/em® in Am. Total porosity (TP) is
medium in Ap (48.8%) and high in Am
(58.2%). Air porosity (AP) is medium in Ap
(15.2%), high in Am (23.8%), medium in Bv
(21.7%) and low in Ck (12.2%). The ranges of
variation for clay are between 33.4-40.3%. The
processed Ap horizon has a clay content of
36% compared to the Am horizon with a
content of 40.3%. In horizons Bv and Ck, the
amount of clay shows lower values (33.8%)
and 33.4%, respectively. The soil is weakly to
moderately compacted on the horizons below
the tilled horizon. The values of the
hydrophysical indices show different values,
correlated with the physical properties. A
medium value of the withering coefficient is
noted in the Ap and Am horizons (11.7%), high
in Bv (13.2%) and medium in Ck (12%)
(Obrejanu, 1964).

The field capacity (FC) is medium over the
entire soil profile, with values of 23.3% in Ap,
Am, Bv and 22.4% in Ck. Chemical properties
were determined using the Kjeldahl and Olsen
et al. methods (Dumitru et al., 2011). The soil
has a humus content of 3.04% in the Ap
horizon and 1.78% in the Am horizon,
decreasing by 1.24% in the Bv horizon. It is
medium supplied in total nitrogen, with 0.172%
in Ap, very well supplied in Am with mobile
phosphorus (168 ppm) and well supplied with
mobile potassium (248 ppm). The pH was
tested using the distilled glass electrode
method, 1:2.5 soil and water. The reaction of
the soil on the profile is weakly acid in Ap
horizon 5.58, weakly alkaline 7.66. The amount



of exchangeable bases is medium (23.2 in Ap,
24.8 in Am), and the degree of saturation in
bases shows values of 92.62% which gradually
increases on the Bv horizon. Trace element
content is high for zinc (176 ppm) in the Ap
and extremely low in the Bv horizon (0.40
ppm). Climatic data during the period of the
experiment were collected from  the
meteorological station of Dudestii Noi and are
represented in Figure 1. The climate of this
area is temperate - continental with slight
Mediterranean influences. The average annual
temperature is 10.8°C and the warmest month
was July. Temperatures were also extremely
high for September and October. As can be
seen, during the entire experimental period and
especially during the vegetation months, the
average monthly temperatures exceeded the
multiannual averages, with the highest values
during the vegetation period being recorded
between June and September in all two
experimental years.
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Figure 1. The average monthly temperatures (°C)
recorded in Dudestii Noi (2021-2023)

The average annual precipitation was
frequently around 540 mm. In May and July, as
a rule, the maximum pluviometric occurs
(Figure 2). Sowing was carried out late, after
successful application of a watering to help the
suitable preparation of the field. The months
from August until October were dry. These
were registered against the back-ground of
acute lack of precipitation. The last three years,
especially, have positioned the western area of
Romania in an unprecedented position. The
Western Plain of Romania, an important region
of the country for wheat cultivation, has
recently had to deal with long periods of very
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hot and dry weather and very wet and rainy
periods with heavy rainfall in a short period of
time. These climate events often exceed the
relevant meteorological observations, some of
which vary strongly from the multi-year mean
values recorded to date.
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Figure 2. The average monthly rainfall (mm) recorded in
Dudestii Noi (2021-2023)

The biological material is represented by 27
Romanian, German and French autumn wheat
varieties, some of the most cultivated wheat
varieties in the Western Plain of Romania, and
the criteria that were the basis of their choice
are the high production potential, high
tolerance to disease and pests attack and
specific qualities for milling and baking
indices.

The layout of the experimental plan was made
using the stratified randomization block
method. Cultivars were factorially combined
and arranged in completely randomized blocks.
This experimental method was chosen in order
to avoid the interfering effects of various
environmental factors and to adequately and
accurately estimate nitrogen utilization. The
size of each plot was 1.2 m x 7 m, the distance
between plots and adjacent blocks was kept at
0.5 m and 1.5 m, respectively, and the buffer
strip was 2.5 m. Each block consisted of 27
plots with three replicates. The study is based
on a ftrifactorial experiment, in subdivided
plots, on the 27 x 3 type, with the following
grading of the experimental factors:

FACTOR A - cultivated wheat variety:

al - Dacic, a2 - Miranda, a3 - Alex, a4 - Litera,
a5 - Ciprian, a6 - Crisana, a7 - Biharia, a8 -
Glosa, a9 - Bohemia, al0 - Sothys, all -
Sacramento, al2 - Rubisko, al3 - Certiva, al4 -



Aurelius, al5 - Aspect, al6 - Papillon, al7 -
Activus, al8 - Centurion, al9 - Tika Taka, a20
- Chevignon, a2l - Sosthene, a22 - Vivendo,
a23 - Sophie, a24 - Solindo, a25 - Tiberius, a26
- Arrezo and a27 - Apexus.

FACTOR B - fertilization system:

bl - Ammoniacal nitrogen; b2 -
nitrogen.

FACTOR C - fertilization level:
cl-120kgha' Nas.; c2-150kgha' Nas,;
¢3-170kgha! Nas.

Nitrogen doses were established starting from
the maximum ceiling accepted by The Agency
for Intervention and Payments in Agriculture in
Romania, 170 kg N ha' (APIA, 2021). The
lowest dose of 120 ha™! was chosen according
to the use of nitrogen in wheat crop, the humus
content and the available nitrogen in the soil.
The fertilizer consisted of two types of nitrogen
(nitric and ammoniacal) that were applied in
the form of ammonium sulfate (NH4)>SO4 and
calcium nitrate Ca(NO3)2, in three contrasting
fertilization doses and administered to the
plants in - a single dose, unfractionated, at the
stage of growth BBCH 30-31. In both years of
study, the sowing rate for each variety was
established considering aspects related to the
sowing rate such as purity, germination and the
1,000 kernel weight, and the density at sowing
was 550 germinating grains/m?. Wheat was
sown at a depth of 4 centimeters with a row
spacing of 12.5 cm. The treatments applied
were V1 - nitric N dose of 120 kg ha! N a.s.,
V2 - nitric N dose of 150 kg ha! N as, V3 -
nitric N dose of 170 kg ha' N as, V4 -
ammoniacal N dose of 120 kg ha! N a.s., V5 -
ammoniacal N dose of 150 kg ha! N a.s, V6 -
ammoniacal N dose of 170 kg ha! N a.s. and
the Mt - control variant was the average of the
experimental field.

The wheat samples were cleaned in a fully
automated process using the MLN Sample
Cleaner - Pfeuffer equipped with a cyclone for
light bodies, a ball screening system for
cleaning, additional screening screens for
sorting coarse and small grains and then
homogenized with an automatic grain sampler

Nitric

Vario 1G - Pfeuffer equipped with an
integrated  electric  actuator  (adjustment
cylinder) according to ISO 24333:2010

(ASRO, 2022), then the tests for bakery quality
indices were carried out.
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Protein content was measured using a whole
seed NIR multiparameter analyzer using near-
infrared transmission technology
(transmittance). A volume of 600 milliliters of
sample was used to analyze this parameter. The
measurement process was automated, the
transport rotor ensured constant density, and
the built-in infrared spectrometer with a range
of 950 to 1,540 nanometers scanned each
sample 1,500 times. Thanks to this technology,
each sample was completed by printing an
analysis report in less than a minute. In parallel,
two determinations were performed for each
analyzed sample.

Based on the results of two years field
experiment, the wheat protein content
parameter was calculated using the Analysis of
variance (ANOVA) and Student t tests.

RESULTS AND DISCUSSIONS

Wheat quality is a complex trait resulting from
interactions  between  numerous  protein
components.  Protein  substances  usually
represent 10-16% of the mass of the grain (with
limits between 8 and 24%) and are mostly
located towards the peripheral parts of the grain
(coats, aleurone layer), in the embryo and
scutellum. The amount and composition of
proteins give the nutritive quality of the grain.
Proteins form, mainly, gluten, a mixture of
protein substances that occupy the space
between the starch granules in the endosperm
and which, after grinding, in the flour, embeds
the starch granules. The accumulation of
proteins in the grain depends on a number of
factors, such as: the wheat species, the variety,
the climatic conditions, the natural fertility of
the soil and the doses of nitrogen fertilizers
used. Wheat grains contain on average 8-30%
proteins, which are divided into two major
categories: prolamins which include gliadins
and glutenins, and nonprolamins consisting of
water-soluble albumins and saline-soluble
globulins. The albumin/globulin fraction
accounts for 20-25%, while gliadins and
glutenins account for 75-90% of wheat proteins
(Sulek et al., 2018; Liu et al., 2022). Wheat
storage proteins, namely gliadins and glutenins,
are the main components of gluten, which
determine the nutritional values and baking
properties of wheat grains due to their impact



on the water absorption capacity of the dough,
its elasticity and extensibility. Gliadins give the
dough extensibility and viscosity and glutenins

are responsible for elasticity and resistance
(Lafiandra et al., 2022; Veraverbeke et al.,
2002).

Table 1. Variation analysis

Degree of Weighed Least of F test for s> error
Variation source|  SSP (SP) Freedom | Squares-WSL(s®) |  Value P Signification
A (variety) 137.63 26 5.29 6.5 0.000000 ok
B (agrofund) 159.26 5 31.85 39.3 0.000000 ook
AxB 102.98 130 0.79 1.0 0.551313 ns
Error 262.39 324 0.81
Total 662.26

* %% or *** indicate statistically significant differences between sample means and Mt based on t-test, at p < 0.05, p < 0.01, or p < 0.001,
respectively. NS (not significant) indicates the t-test difference between sample means was p > 0.05.
0, 00 or 000 also indicate significant differences between sample means and Mt based on t-test at p < 0.05, p < 0.01, or p < 0.001, respectively, but

with negative values.

The F test (Table 1, column p) shows that:
factor A - variety and factor B - agrofund had a
very significant effect, that is: between the
varieties followed in the experiment there are
very significant differences; between the 6

differences; the interaction A x B, insignificant
effect, the 27 varieties did not react differently
within the 6 agrofunds. In conclusion, the null
hypothesis HO is rejected for factor A (variety)
and factor B (agrofund), it is accepted for the

agrofunds  there are very significant  interaction A x B.
Table 2. Student test for factor A (variety) — witness (Mt), average of the field
Variety Protein content (%) Difference (%) Signification
al - Dacic 14.98 0.22 ns
a2 - Miranda 14.41 -0.34 ns
a3 - Alex 14.84 0.09 ns
a4 - Litera 14.87 0.12 ns
a5 - Ciprian 15.68 0.92 Hox
a6 - Crisana 15.05 0.30 ns
a7 - Biharia 15.03 0.28 ns
a8 - Glossa 14.35 -0.40 ns
a9 - Boema 14.79 0.04 ns
al0 - Sothys 14.18 -0.57 ns
all - Sacramento 13.95 -0.80 00
al2 - Rubisko 14.08 -0.68 0
al3 - Certiva 14.23 -0.52 ns
al4 - Aurelius 15.32 0.57 ns
al5 - Aspekt 14.68 -0.08 ns
al6 - Papillon 13.99 -0.76 *
al7 - Activus 14.85 0.10 ns
al8 - Centurion 13.75 -1.00 000
al9 - Tika Taka 15.78 1.03 HHK
a20 - Chevignon 15.34 0.59 *
a2l - Sosthene 14.30 -0.45 ns
a22 - Vivendo 14.89 0.14 ns
a23 - Sophie 15.02 0.27 ns
a24 - Solindo 14.57 -0.18 ns
a25 - Tiberius 15.69 0.94 *k
a26 - Arrezo 14.95 0.20 ns
a27 - Apexus 14.71 -0.04 ns
Mean 14.75 Mt

DL 5% =0.584; DL 1% =0.769; DL 0.1% = 0.981

*, **or *** indicate statistically significant differences between sample means and Mt based on t-test, at p < 0.05, p < 0.01, or p < 0.001,
respectively. NS (not significant) indicates the t-test difference between sample means was p > 0.05.
0, 00 or 000 also indicate significant differences between sample means and Mt based on t-test at p < 0.05, p < 0.01, or p < 0.001, respectively, but

with negative values.




The protein content achieved using the 27
winter wheat varieties is shown in Table 2.
Compared to the control - the average of the
experience of the two years of study, signifi-
cant differences were recorded by the Papillon
and Chevignon varieties; distinctly significant
differences were recorded by the Ciprian and
Tiberius varieties, and very significant values
were recorded by the Tika Taka variety. Below
the experience average were the Rubisko

varieties ~ with  significant  differences,
Sacramento ~ with  distinctly  significant
differences and Centurion with very significant
differences. The other varieties did not register
differences. The variety with the highest value
of this index is Tika Taka - 15.78%, Tiberius -
15.69% and Ciprian - 15.68%. The varieties
Sacramento - 13.95% and Centurion - 13.75%
ranked below the experience average. The
other varieties did not register differences.

Table 3. Student test for factor B (level of fertilizer) — witness (Mt), average of the field

Variant Protein content (%) Difference (%) Signification
V1 - 120 kg ha'' N a.s nitric N 15.32 0.57 ok
V2 - 150 kg ha'! N a.s nitric N 15.27 0.52 ok
V3-170 kg ha! N a.s nitric N 15.36 0.61 ok
V4 - 120 kg ha'! N a.s ammoniacal N 14.04 -0.72 000
V5 - 150 kg ha! N a.s ammoniacal N 14.20 -0.55 000
V6 - 170 kg ha! N a.s ammoniacal N 14.32 -0.43 00
Mean 14.75 Mt

DL 5% = 0.275;

DL 1% =0.363;

DL 0.1% = 0.462

*, ** or *** indicate statistically significant differences between sample means and Mt based on t-test, at p < 0.05, p < 0.01, or p < 0.001,
respectively. NS (not significant) indicates the t-test difference between sample means was p > 0.05.
0, 00 or 000 also indicate significant differences between sample means and Mt based on t-test at p < 0.05, p < 0.01, or p < 0.001, respectively, but

with negative values.

The protein content achieved using the nitric
and ammoniacal nitrogen fertilization is shown
in Table 3. Compared to the control group - the

mean of the experience of the years of study,
very significant differences were recorded,
regardless of the level or type of N fertilizer.

Table 4. Student test for A x B interaction (variety x level of fertilization) — witness (Mt), average of the field

Vari V1 V2 V3 V4 ' V6
ariety P | Diff P | Diff| P | Diff| P | Diff| P | Diff| P | Diff
al - Dacic 1540 [ 0.62 [ 1570 [ 0.60 [ 15,75 [ 025 | T4.00 [ 0.17 [ 14.20 [ 061 [ 15.05 [ 0.62
a2 - Miranda 15.05 | 0.62 | 1445 [ 0.60 | 14.85 [ 0.25 [ 13.85 [ O.17 [ 14.15 [ 0.61 [ T4&I0 [ 0.61
a3 - Alex 15.60 | 0.62 | 15.65 [ 0.60 | 16.00 [ 0.25 | 12.85 [ 0.17 [ 14.40 [ 0.61 [ 14.55 [ 0.6
a4 - Litera 15.30 | 0.62 | 1425 [ 0.60 | 14.90 [ 0.25 [ 13.25 [ 0.17 [ 15.65 [ 0.61 [ 15.85 [ 0.6
a5 - Ciprian 16.70 [ 0.62 | 158 [ 0.60 [ 16.60 [ 0.25 [ 1450 [ 0.17 [ 15.35 | 0.6 | 15.10 | 0.61
a6 - Crisana 1620 [ 0.62 | 13.00 [ 0.60 [ 15.10 [ 0.25 [ 1540 [ 0.7 [ 14.25 | 0.61 | 14.35 | 0.61
a7 - Biharia 16.05 | 0.62 | 1650 [ 0.60 | 15.65 [ 0.25 [ 13.90 [ 0.17 [ 13.75 [ 0.61 [ 14.35 [ 0.6
a8 - Glossa 1520 | 0.62 | 14.80 [ 0.60 [ 15.05 [ 0.25 [ 13.35 [ 0.17 [ 13.75 | 0.6 | 13.95 | 0.61
a9 - Boema 1505 | 0.62 | 1525 [ 0.60 | 1540 [ 0.25 | 1420 [ 0.17 | 1440 [ 0.6 | 1435 [ 0.6]
al0 - Sothys 15:00 [ 0,62 [ 14.50 [ 0.60 [ 14.60 [ 0.25 [ 13.70 [ 0.17 [ 13.40 [ 0.61 [ 13.90 | 0.6]
all - Sacramento | 14.75 | 0.62 | 14.20 [ 0.60 [ 14.40 [ 0.25 [ 13.80 [ 0.17 [ 13.05 | 0.6] | 13.50 | 0.61
al2 - Rubisko 14,50 | 0.62 | 14.85 [ 0.60 | 15.00 [ 0.25 | I3.15 [ 0.17 [ 13.60 | 0.61 [ 13.35 [ 0.6]
al3 - Cerfiva T4.70 [ 0.62 [ 14.85 [ 0.60 | 1475 [ 0.25 [ 13.65 [ 0.17 [ 13.50 [ 0.61 | 13.05 [ 0.01
al4 -~ Aurelius 16.40 | 0.62 | 15.90 [ 0.60 | 15.70 [ 0.25 | 14.65 [ O.17 [ 14.65 [ 0.61 [ 14:60 [ 0.61
al5 -~ Aspeki 1450 [ 0.62 | 16.10 [ 0.60 [ 15.60 [ 0.25 [ 1445 [ 0.17 [ 13.85 | 0.6] | 13.55 | 0.61
al6 - Papillon 12.50 | 0.62 | 14.35 [ 0.60 | 1445 [ 0.25 | 13.75 [ 0.17 | 13.35 [ 0.6 | 13.55 [ 0.6]
al8 - Centurion | 14.55 | 0.62 | T4.00 [ 0.60 [ T4.15 [ 0.25 [ 12.85 [ 0.17 [ 13.60 | 0.61 | 13.35 | 0.61
al0 - Tika Taka [ 16.00 | 0.62 | 1640 [ 0.60 | 16.10 [ 0.25 | 15.20 [ 0.17 | 14.00 [ 0.6] | 15.20 [ 0.6]
220 - Chevignon | 16.30 [ 0.62 | 13.80 [ 0.60 [ 15.70 [ 0.25 [ I5.10 [ 0.17 [ 14.60 | 0.61 | 14.55 | 0.61
a21 - Sosthene 14,70 [ 0.62 | 14.75 [ 0.60 | 15.70 [ 0.25 | 1330 [ 0.17 [ 13.55 [ 0.61 [ 13.80 [ 0.6
a22 - Vivendo T4.85 [ 0.62 [ 14.90 [ 0.60 | 1485 [ 0.25 [ 14.50 [ 0.17 | 1490 [ 0.61 | 15.35 [ 0.01
223 - Sophie 1320 [ 0.62 | 16.10 [ 0.60 [ 16.10 [ 0.25 [ 15.010 [ 0.7 [ 15.15 | 0.61 | 1445 | 0.61
a24 - Solindo 15.45 | 0.62 | 1540 [ 0.60 | 15.05 [ 0.25 [ 13.70 [ 0.17 [ 13.85 [ 0.61 [ 13.95 [ 0.6
a25 - Tiberius 1655 0.62 | 1625 [ 0.60 [ 16,05 [ 0.25 [ 15.15 [ 0.17 [ 14.95 | 0.6 | 15.20 | 0.61
26 - Arrezo 15.60 | 0.62 | 15.00 [ 0.60 | 16.15 [ 0.25 | 13.30 [ 0.I7 | 1440 [ 0.6 | 14.35 [ 0.6]
a27 - Apexus 15.05 [ 0.62 | 14.85 [ 0.60 | 15.10 [ 0.25 [ 13..90 [ O.17 [ 14.65 [ 0.61 [ 14.70 [ 0.6
Mean 14.75
DL 5% = 0.486; DL 1% = 0.528; DL 0.1% =0.667

* ** or *** indicate statistically significant differences between sample means and Mt based on t-test, at p < 0.05, p < 0.01, or p < 0.001,
respectively. NS (not significant) indicates the t-test difference between sample means was p > 0.05.
0, 00 or 000 also indicate significant differences between sample means and Mt based on t-test at p < 0.05, p < 0.01, or p < 0.001, respectively, but
with negative values.
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However, it should be noted that: at the V1, V2
and V3 treatments the protein content values
obtained are above the experience average.

The highest value of 15.36% was obtained at
the V3 treatment, followed by V2 - 15.27% and
the minimum level of nitrogen fertilization, V1
- 15.32%. Below the experience mean are the
protein content values from the ammoniacal
nitrogen fertilization levels, the values being
very significant for the first two nitrogen rates,
V4 and V5 and distinctly significant for the
maximum level of fertilization with this type of
nitrogen.

There are no significant differences in Table 4,
the same is confirmed by the F test from the
analysis of variance.

Influence of variety on protein content - the
protein content values range between 13.7%
(Centurion variety) and 15.7% (Tika Taka
variety). All other 25 varieties have values
between 13.8 and 15.5%. The differences
between varieties are highly significant
(p<0.001), according to the F-test value.
Influence of fertilization system on protein
content - for the first three fertilization levels,
the protein content values are approximately
identical. From the fertilization level of 120 kg
ha™! a.s. ammoniacal nitrogen to that of 170 kg
hal a.s. ammoniacal nitrogen, the trend is
slightly upward, with protein content values
ranging between 14 and 14.4%. The differences
between agrofunds are very significant
(p<0.001), according to the F-test value.
Influence of the A x B interaction on protein
content: the lowest value of this index was
recorded for the Alex variety - 12.9% at the
fertilization level of 120 kg ha' as.
ammoniacal nitrogen; and the highest value of
this index was obtained by the Tika Taka
variety - 16.9% at the fertilization level of 120
kg ha™! a.s. nitric nitrogen.

Factor A - variety contributes to the formation
of the protein content index by 20.78%, factor
B - fertilization system by 24.05%, and the
interaction of the two mentioned factors A x B
by 15.55% (Figure 3). However, it is very
important to mention that the greatest
contribution to the formation of protein content
is made by other factors that were not taken
into account in this study, being followed by
factor B - fertilization system, then with a very
small difference factor A - variety, in last place

415

being the interaction between the two factors,
variety - fertilization system.

40,00
35,00
20,00
25,00
20,00
15,00
10,00

5,00

0,00
Factor &

Factor B

nxB Error

Figure 3. The contribution of factors and the interaction
of factors on protein content

CONCLUSIONS

The average of the two years study for the
protein content is 14.75%. The highest values
of this index were obtained by the varieties
Tika Taka - 15.78%, Tiberius 15.69%,
Ciprian - 15.68% and Chevignon - 15.34%.
Below the average of the experience, with the
lowest values, Rubisko - 14.08%, Sacramento -
13.95% and Centurion - 13.75% varieties were
ranked. Regarding the fertilization levels and
types of nitrogen, the highest value of 15.36%
was obtained at V3 (170 kg ha' a.s. nitric
nitrogen, followed by V1 (120 kg ha™! a.s. nitric
nitrogen) - 15.32% and V2 (150 kg ha' as.
nitric nitrogen) - 15.27%.

The variants in which fertilization was carried
out with ammoniacal nitrogen were ranked
below the average of the experience with
values of 14.04 - V4 (120 kg ha' as.
ammoniacal nitrogen), 14.20 - V5 (150 kg ha!
a.s. ammoniacal nitrogen and 14.32% - V6 (170
kg ha'! a.s. ammoniacal nitrogen). Influence of
the A x B interaction on the protein content: no
significant differences were recorded.

Wheat mainly uses nitric nitrogen, under the
influence of  microorganisms, being
immediately available and easily absorbed by
plants, much more mobile in the soil, which
leads to its solubilization in the root zone,
especially on sandy soils or in conditions of
abundant precipitation. In soil, nitric nitrogen
moves mainly by mass flow with water
movement and partly by diffusion, while



ammonia nitrogen moves mainly by diffusion
and less by mass flow (Mooshammer et al.,
2014). The rate of movement of soil solution
through mass flow depends on plant
transpiration rate, soil water content, and soil
texture (Barraclough et al., 2014). Absorption
of ammoniacal nitrogen occurs specifically
through the root plasma membrane, which
serves as an ammonium ion transporter. These
uptake transporters have a high affinity for
ammonium ions, allowing wheat plants to
achieve this even in the presence of low
external ammonium concentrations. And once
used, ammonium can be directly assimilated
into organic compounds through the process of
glutamate dehydrogenase (GDH). This process
catalyzes the formation of glutamate from
ammonium and 2-oxoglutarate. However, the
efficient uptake mechanism may not have
positive effects on wheat plants that are
exposed to excessive soil ammonium levels,
causing toxicity such as stunted root growth
and reduced nutrient uptake efficiency (Ijato et
al., 2021). Several studies have tested the
molecular mechanisms behind the
physiological responses of wheat plants to
ammonia nitrogen fertilization. It has been
found that NH4" application can decrease pro-
ton efflux lipid peroxidation and protein
carbonylation in root tissues, consequently
causing plant growth suppression (Du et al.,
2021). This is associated with the rate of
ammonium absorption exceeding the rate of
assimilation in the plant tissues, which leads to
the disturbance of ion homeostasis, especially
in potassium ions (Xiao et al., 2023). This
disturbance of potassium ion balance can
appear as leaf chlorosis, leaf scorch and lower
biomass production. In addition, ammonium
toxicity leads to damage to the chloroplast

ultrastructure, which in  turn  affects
photosynthetic activity and plant growth
(Castro et al., 2022).
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