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To establish the effect of nitrogen-sulfur fertilization
on yield and corn quality, an experiment was carried
out at the peasant settlement of Arenales, Aragua
state, Venezuela (10°06'17'' N, 67°35'44''W). The
experimental design used was a split-plots with four
replicates; three hybrids differing in endosperm
texture were arranged on the main plots: DK-5632
(flint), DK-440 (semi-flint) and DK-5277 (semident), and on secondary plots, three levels of nitrogen
(0, 100 and 200 kg/ha) and two levels of sulfur
(0 and 50 kg/ha). The variables measured were the
yield, the weight of 1000 grains (W1000G), grains
per square meter (G/m2), hectoliter weight (HW),
flotation index (FI), grain hardness (GH) and crude
protein (CP). All corn genotypes increased their
yield, W1000G and G/m2 significantly with the

level of fertilization N200S50. Genotype DK-5277
reached the highest yield, while DK-5632 and
DK-440 obtained higher values of HW compared
to those achieved by DK-5277, as well as a lower
FI, with significant differences at p ≤ 0.05. The level
of fertilization N200S50 allowed a significant
decrease of the FI values in all corn genotypes.
Nitrogen-sulfur fertilization increased in more
than 100 % the GH of DK-5277. The FI showed
a negative and significant association with HW,
while a positive and highly significant correlation
was found between W1000G and yield. For all
hybrids, CP was positive and significantly associated
with yield and positive and highly significant with
W1000G and HW.

Keywords: crop yield, fertilizer application, nitrogen, sulphur, Zea mays

Resumen
Para conocer el efecto de la fertilización nitroazufrada sobre rendimiento y calidad de maíz,
se realizó un experimento en el Asentamiento
Campesino Arenales, estado Aragua, Venezuela
(10°06'17'' N y 67°35'44'' O). El diseño utilizado
fue parcelas divididas con cuatro repeticiones; en las
parcelas principales se consideraron tres híbridos
de diferentes texturas de endospermo: DK-5632
(córneo), DK-440 (semicórneo) y DK-5277 (semidentado), y en las secundarias, tres niveles de N (0,
100 y 200 kg/ha) y dos niveles de S (0 y 50 kg/ha).
Las variables medidas fueron rendimiento (REND),
peso de mil granos (P1000G), granos por metro
cuadrado (G/m2), peso hectolítrico (PH), índice
de flotación (IF), dureza (D) y proteína cruda (PC).

Los genotipos aumentaron significativamente
REND, P1000G y G/m2 con el nivel de fertilización
N200S50. DK-5277 alcanzó valores mayores de REND
mientras que DK-5632 y DK-440 obtuvieron valores
más altos de PH y menores de IF, con diferencias
significativas (p ≤ 0,05). El nivel de fertilización
N200S50 disminuyó significativamente el IF en
todos los genotipos. La fertilización nitroazufrada
aumentó más de 100 % la D del DK-5277. El IF se
asoció de manera negativa y altamente significativa
con el PH, mientras que P1000G y REND presentaron
correlación positiva y altamente significativa. La PC
se asoció positiva y significativamente con el REND,
y de forma positiva y altamente significativa con
P1000G y PH.

Palabras clave: aplicación de abonos, azufre, nitrógeno, rendimiento de cultivos, Zea mays
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In Venezuela, there is little information regarding
the response of corn to sulfur fertilization. However,
the probability that the productivity of the crop is
affected by this deficiency is high, since Venezuelan
soils used for corn cropping mostly meet conditions
that favor the deficiency of this element. These
conditions include the progressive reduction in
organic matter content, low turnover, and insufficient nutrient replenishment (Caamaño & Melgar,
1998; Reussi, Echeverría, & Sainz, 2006).
Conversely, these two nutrients have proven to be
fundamental in the improvement of the physical and
nutritional quality of corn grains. The availability
of N affects grain yield and quality (Governatori
& Uhart, 1997; Vázquez, Arellano, & Santiago,
2015). On the other hand, sulfur, is a constituent
of amino acids such as cysteine and methionine,
so the application of sulfur fertilizers increases the
protein content of the grain and affects the texture
of the endosperm (Pedrol, Salvagiotti, Castellarín,
Rosso, & Vernizzi, 1999; Salvagiotti, Castellarin,
Miralles, & Pedrol, 2009). This modifies positively
quality parameters such as weight in hectolitres,
flotation index, and hardness (Barrios, Basso, &
García, 2016). The quality of corn grains is a feature
determined by factors such as climate and soil, as
well as by factors that we can manipulate to improve
and maintain yield and quality levels, among which
fertilization is found. The aim of this work was to
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evaluate the effect of fertilization with N and S
on yield and some of its components, and grain
quality aspects of three corn genotypes with different
endosperm textures.

Materials and methods
The field trial was carried out at the Peasant
Settlement of Arenales, Plot # 18, Zamora District,
Aragua State, Venezuela (10°06'17'' N and
67°35'44''W), with average annual precipitation
and temperature values of 820 mm and 26.5 °C,
respectively (Climatic and Edaphic Station of
Santa Cruz, Aragua State, Venezuela). The physicochemical characteristics of the soil where the trial
was carried out are presented in table 1. Three
corn genotypes with different endosperm textures
constitute the evaluated plant material: flint
(DK-5632), semi-flint (DK-440) and semi dent
(DK-5277). The experimental unit consisted of
plots of 3.6 × 4.0 m2 with four rows of 4 m long
separated by 0.9 m; the distance between plants
was 0.20 m.
The source of nitrogen used was urea (46 % of N),
and its application was carried out in two fractions:
the first during the sowing, and the second 25 days
after sowing (das) when the crop had 6 to 8 leaves
(Ritchie, Hanway, & Benson, 1993). Calcium sulfate
was used as a source of sulfur (20 % of S, 16 % of
Ca) and it was applied during sowing; both sources
were incorporated at a distance of 5 cm below
and next to the seed to avoid phytotoxic effects
(Ciampitti, Fontaneto, Micucci, & García, 2006).
A split-plot design with four repetitions was used.
The main plots were the corn genotypes, and the
secondary plots were the combination of fertilizer
levels, which consisted of three levels of nitrogen:
0, 100 and 200 kg/ha, and two levels of sulfur:
0 and 50 kg/ha. These were designated as N0S0,
N100S0, N200S0, N0S50, N100S50 and N200S50. Chemical
and manual control of weeds, insect pests, and
diseases were carried out, and a 5 mm water sheet
was applied daily for supplementary irrigation by
gravity (furrows).

Effect of nitrogen-sulfur fertilization on yield and quality of three corn genotypes differing in endosperm texture

Nitrogen fertilization in corn cultivation is one of the
most critical aspects of its agronomic management
and has been a decisive factor in obtaining high
yields worldwide. Nitrogen is considered as the
main element for plant production because it is, in
most situations, the factor that limits productivity
(Capurro, Fiorito, González, & Pagani, 2002;
Kappes, Orivaldo, & Da Costa, 2013). On the
other hand, sulfur is currently an essential nutrient,
whose deficiency is frequently reported in various
works (Ferraris et al., 2007; Sakal, Singh, Sinha, &
Ismail, 2000; Weil, & Mughogho, 2000).
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Table 1. Physicochemical characteristics of the soil used in this study

Texture

Sand

Silt

Clay
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%
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OM

N-NO3

S-SO4

%

P

K

pH 1:1
in water

mg/kg

C

9.95

20.79

69.25

2.25

11.65

4.6

16

71

7.1

CL

17.00

27.00

56.00

2.20

10.50

5.2

12

72

6.8

C: Clay, CL: clay loam, OM: organic matter
Source: General Soil Laboratory, Instituto de Edafología Fagro-ucv, Maracay, Venezuela.

Productivity variables
The productivity variables analyzed in this research
are the following:
• Yield. In each experimental unit, 10 m2 were
harvested manually; grain moisture was established in physiological maturity, whose records
were used to express the yield at 12% moisture
content of the grain.
• Weight of 1000 grains (W1000G). In each
genotype 100 grains obtained at random were
weighed in a Sartorius Basic microbalance with
a sensitivity of 0.001 g; subsequently, the result
in grams was multiplied by 10.
• Number of grains per square meter (G/m2).
The number of G/m2 was estimated by the
quotient between the yield (on dry basis) and
the individual weight of the grain. This was
established with the average of two samples of
200 grains each, dried in a forced air oven for
ten days.
Grain quality variables
The grain quality variables measured in this study
are presented below:
• Hectoliter weight (HW). Hectoliter weight was
estimated according to method 55-10 (Approved Methods of the American Association of
Cereal Chemists [AACC], 1998) and expressed
in kg/hL.

•

•

•

Flotation index (FI). The FI was obtained from
100 healthy grains placed in an Erlenmeyer
of 250 mL, containing 170 mL of a mixture
of kerosene-carbon tetrachloride (d = 1.305 at
25 °C). After a brief agitation with a glass rod,
the grains that floated were counted. The flotation
index was calculated as the percentage of grains
that floated (Robutti, Borrás, González, Torres,
& De Greef, 2002).
Grain hardness (GH). Grain hardness was
determined by increasing it fivefold in a 10-grain
sample, carrying out a penetration resistance
test measured with a texture analyzer (TAXT2)
provided with a conical punch (30° angle), at a
speed of 0.5 mm/s, and a penetration distance
of 2 mm. The hardness of the grain was reported
in kg-f.
Crude protein (CP). Crude protein was established through the Kjeldahl method (AACC,
1998) and expressed in percentage.

Statistical analysis
The data were analyzed with the statistical program
Statistix 8.0. An analysis of variance was carried out
according to the experimental design used, and the
means obtained in the combinations of the different levels of fertilization were compared through
Tukey's multiple comparisons test. Correlations
were also made between the variables measured
using Pearson´s method.
Ciencia y Tecnología Agropecuaria

The hybrid × fertilization interaction was statistically
significant (p ≤ 0.001) for all the measured variables;
this behavior is related to the yield potential of each
hybrid and the type of endosperm, which determined
the response of the materials evaluated. In table 2 is
shown the effect of the fertilization with nitrogen
and sulfur on the yield and its components for each
corn genotype evaluated. The DK-5277 hybrid
with semi-dent (soft) endosperm obtained the
highest yields (10,274 kg/ha) when the fertilization level applied was N200S50, with an increase
of 42.2% compared to the control, and of 39.8%
and 38.7% compared to the flint and semi-flint
genotypes, respectively.
Commonly, higher yields are observed in corn
with soft or semi-dent textures compared to hard
or flint textures, which may be determined by a
decrease in the protein content in the grain (Ciampitti
& Vyn, 2013; Salvagiotti, Castellarín, Ferragutti,
Dignani, & Pedrol, 2010). On the other hand,
Ferragutti, Castellarín, and Salvagiotti (2016) also
obtained a greater response in yield in a hybrid with
semi-dent texture compared to one with a flint
texture, when they evaluated the nutritional requirements of these hybrids. All the genotypes evaluated
reached the highest yields when they were fertilized
with N200S50, with statistically significant differences
between fertilization levels compared to the control
(p ≤ 0.05).
Capurro et al. (2002) found that the yield response
of corn to the aggregate of S was significant with
doses of N higher than 60 kg/ha and higher to
increasing doses of N; besides, these showed that
there is a significant N*S interaction. Conversely,
corn genotypes with high yield potential have
very high nutrient requirements, so their response
is greater at higher doses of N (Salvagiotti et al.,
2010). Similarly, the interaction between nutrients
can increase the efficiency of the applied fertilizer
and improve the utilization of N by the crop
(Stewart, 2007).
2019 Corporación Colombiana de Investigación Agropecuaria
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Other cereals have also experienced similar responses to the application of S; Hoffman, Fassana,
Mazzilli, Berger, and Ernst (2016) found that
in wheat, the addition of N in the presence of S
increased the absorbed amounts of N. The response
of the genetic materials to S of this trial is related to
the low mean contents of organic matter and the
reduced levels of this nutrient in the soil (table 1).
Furthermore, also to the long agricultural history of
the area without contributions of sulfur fertilizers,
which is the determining cause of S deficiency in
soils (Pagani, Echeverría, & Sainz, 2009).
Regarding the variable W1000G, statistically
significant differences (p ≤ 0.05) were observed
between the levels of fertilization compared to
the control (table 2) for all genotypes, detecting
response to fertilization with N and S. All materials
evaluated reached the highest W1000G with the
application of 200 and 50 kg/ha of N and S, respectively; with this fertilization level the values obtained
were significantly different (p ≤ 0.05) compared to
the values found in the rest of the fertilization levels
applied.
The increase of the W1000G by increasing the dose
of N generally depends on the relationship between
the weight of the grain and the growth of the plant
during the filling of the grains, and this is why in
the control treatment, this increase was limited by
the smaller amount of assimilates (Amin, 2011). In
this case, the addition of S improves both the grain
yield and the W1000G with the highest dose of N,
even though this variable is not a component that is
as directly associated with the yield as the number
of G/m2 (Pérez, 2015). These results are indicative
that the characteristics of each genotype and their
ability to remobilize assimilates towards the grain
can favor the yield and its components.
Regarding the number of G/m2, considering the
factor most closely related to variations in yield
(Capurro et al., 2002; Muchow, 1998), the highest
values were obtained with the fertilization level of
N200S50 for all hybrids, with significant statistical
differences (p ≤ 0. 05) between fertilization levels
compared to the control. These results indicate that
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the increase in the number of G/m2 in response
to the addition of S, was a decisive factor in yield
increase in the corn genotypes evaluated, and that
fertilization with N and, to a lesser extent with S,
modify the supply of assimilates and nutrients, and
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affects the individual weight and quality of the
grains (Pagani et al., 2009). Ferragutti et al. (2016)
obtained a similar response when they evaluated
fertilization with nitrogen and sulfur in corn
hybrids with flint and semi-dent textures.

Effect of nitrogen-sulfur fertilization on yield and quality of three corn genotypes differing in endosperm texture

Table 2. Effect of nitrogen-sulfur fertilization on the yield, the weight of a thousand grains and the number of grains
per square meter, of three corn hybrids with different endosperm textures
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Yield (kg/ha)
Fertilization level

Hybrid DK-5632
(flint texture)

Hybrid DK-440
(semi-flint texture)

Hybrid DK-5277
(semi-dent texture)

N0S0

7,028.8 f

6,573.8 e

7,223 d

N100S0

9,218.8 c

7,812.5 d

9,631 c

N200S0

9,607.5 b

8,750.0 b

9,875 b

N0S50

7,817.5 e

8,567.5 c

9,599 c

N100S50

8,700.0 d

8,765.8 b

9,930 b

N200S50

9,826.3 a

9,119.5 a

10,274 a

X

8,699.82

8,264.85

9,422.00

CV (%)

0.73

0.37

0.29

Weight of 1.000 grains (g)
N0S0

234.0 de

233.00 d

234.75 f

N100S0

236.5 d

242.75 c

242.50 d

N200S0

256.0 b

246.00 b

252.25 b

N0S50

232.3 e

233.75 d

239.00 e

N100S50

251.3 c

245.50 b

245.75 c

N200S50

266.0 a

257.45 a

262.35 a

X

246.02

243.08

246.10

CV (%)

0.70

0.46

0.43
(Continue on next page)
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(Continuation of table 2)

Yield (kg/ha)

3,112.5 d

3,293.8 f

N100S0

3,380.0 d

3,385.0 c

3,713.3 d

N200S0

3,725.0 b

3,732.5 b

3,774.3 b

N0S50

3,285.0 e

3,156.3 d

3,607.8 e

N100S50

3,680.5 c

3,733.5 b

3,729.3 c

N200S50

3,844.3 a

3,815.0 a

4,043.0 a

X

3,526.02

3,489.13

3,693.58

CV (%)

0.09

0.67

0.05

Note. Different letters within a column indicate significant differences (p ≤ 0.05) according to Tukey's multiple comparisons test.
Source: Elaborated by the authors

Physical and nutritional quality of the grain
In table 3 is shown that the HW values showed
significant differences (p ≤ 0.05) between the levels
of fertilization compared to the control for all
hybrids evaluated, which shows that the genotype
x fertilization interaction significantly influenced
the HW of the grains. In this study, the flint and
semi-flint genotypes (DK-5632 and DK-440)
obtained higher HW values compared to the
semi-dent hybrid, because grains with flint endosperm are denser and heavier than those with a soft
endosperm. This confirms that when there is higher
endosperm hardness, the HW is also higher. Authors
as Barrios et al. (2016) reported similar results.
In general, the HW is a quality parameter that
responds to nitrogen fertilization and, taking into
consideration that the absorption of N is favored
when the crop is fertilized with S (Salvagiotti et
al., 2009) the HW values reached were expected.
On the other hand, even when the quality of the
2019 Corporación Colombiana de Investigación Agropecuaria

flint genotype was higher compared to the HW, the
yield was lower in comparison with the hybrid of
soft or semi-dent texture (table 2). This behavior is
commonly observed in the field since the dent, and
semi-dent corn textures have higher yield potential,
a product of the genetic improvement (Calderone,
Torres, Papucci, Cruciani, & González, 2008).
The semi-dent hybrid DK-5277 also showed more
significant response in the HW compared to the
other two hybrids with the application of N200S50,
if we consider that this genotype experienced an
increase of 8.9% compared to the control and in
comparison with the increases experienced by the
hybrids DK-5632 and DK-440 (6.4 % and 7.7 %,
respectively). These results indicate a greater
efficiency in the use of nitrogen with the addition
of 50 kg/ha of sulfur and represents an improvement in the grain quality of this genotype due
to the increase in HW values. Since S is found in
proteins as an amino acid component, among
others methionine and cystine, the application of
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sulfur fertilizers could have important effects not
only on the increase in protein content, but also on
changes in texture and density of the endosperm,
increasing the resistance to grain breakage (Cruciani,
González, Papucci, & Pedrol, 2014).
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Nonetheless, the FI represents one of the most
important indicators of hardness for the dry milling
process (Ferragutti, Salvagiotti, & Castellarín,
2012). In this trial, significant differences were
obtained (p ≤ 0.05) for the FI between the levels
of fertilization compared to the control for each
of the genotypes evaluated (table 3), where the
hybrids of hard and semi-hard texture, i.e., DK-5632
and DK-440, showed lower FI values. In this
experiment, the application of the fertilization level
N200S50 allowed a significant decrease in the FI
values, which is an indication of an improvement
in grain quality in terms of hardness (Zepeda et al.,
2009). This tendency occurred primarily in the case
of the semi-dent hybrid DK-5277. Considering
studies that have shown that a greater absorption of
N occurs in crops fertilized with S (Salvagiotti et al.,
2009), these results corroborate that the nitrogensulfur fertilization strategy has an important
effect on the texture of the endosperm, increasing
the density of the grain through the increase of
the proportion of zeins and glutelins in the flint
endosperm (Barrios et al., 2016; Tsai, Dwerkat,
Huber, & Warren, 1992).
In relation to the hardness of the endosperm, this
is a property of the grain associated with a higher
density and vitrosity of the flint endosperm, factors
that depend on the union between starch and
proteins, especially zeins, a fraction abundant
in sulfur amino acids (Cirilo, Actis, Andrade, &
Valentinuz, 2011). In this study, significant differences (p ≤ 0.05) between the levels of fertilization
compared to the control for the hardness test were
obtained for all the evaluated genotypes. Genotype
DK-5277 of soft endosperm reached lower values
compared to the flint and semi-flint genotypes, as
expected, as in the flint fraction of the endosperm
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the starch and the protein are strongly bound, and
in the mealy fraction the link is weaker, although
fertilization with N and S allowed a much more
evident response in this genotype. This is because
the increase concerning the control was more
than 100 % compared to the values of 15.99 %
and 20.18 % obtained with the flint and semi-flint
hybrids, respectively. The improvement of the
hardness test values in response to nitrogen fertilization in all hybrids evaluated corroborates that
timely nutrition with S and N, which ensures
adequate flow of these nutrients to the grains,
would favor its hardness by increasing the concentration of both elements (Cirilo et al., 2011).
Regarding the CP content, the means obtained with
the fertilization level N200S50 for all hybrids differed
significantly with those of the rest of the fertilization levels and compared to the control (p ≤ 0.05).
These results confirm that the protein content
increases by an adequate substitution of N and S,
and that this increase positively influences grain
density, reducing the susceptibility to cracking as
a consequence of the higher zein content and the
higher flint/floury endosperm ratio (Cirilo et al.,
2011; Cruciani et al., 2014). On the other hand,
gamma and beta zeins also require S for their
synthesis, due to the presence of sulfur amino
acids in their composition (Wu & Messing, 2010),
which would explain the response to this fertilization strategy.
The correlation between the measured variables is
presented in table 4. For the three genotypes, CP
was positively and significantly associated with
yields and GH, and positively and highly significant
with HW and W1000G, while the FI showed a
negative and highly significant correlation. The fertilization strategies evaluated in this trial allowed an
increase in the physical quality of the grain through
a decrease in the FI of each hybrid. The HW was
associated in a negative and highly significant way
with the FI, while the W1000G and the yield were
associated in a positive and highly significant way.
Ciencia y Tecnología Agropecuaria
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Table 3. Effect of nitrogen-sulfur fertilization on the hectoliter weight, the flotation index, the grain hardness and
the crude protein content of three corn hybrids with different endosperm textures

Hybrid DK-440
(semi-flint texture)

Hybrid DK-5277
(semi-dent texture)

N0S0

76.59 f

75.88 f

72.40 f

N100S0

79.20 d

79.12 d

76.30 d

N200S0

80.12 c

80.09 c

76.50 c

N0S50

78.22 e

78.10 e

76.12 e

N100S50

81.30 b

81.25 b

77.70 b

N200S50

81.49 a

81.69 a

78.81 a

X

79.49

79.36

76.31

CV (%)

0.03

0.04

0.04

Flotation index (%)
N0S0

6.89 a

6.16 a

13.74 a

N100S0

2.83 c

3.14 d

11.83 b

N200S0

2.64 d

3.40 c

10.45 d

N0S50

3.81 b

3.66 b

11.21 c

N100S50

2.47 e

3.03 e

10.12 e

N200S50

2.34 f

2.74 f

9.23 f

X

3.50

3.69

11.10

CV (%)

0.57

0.73

0.14
(Continue on next page)
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(Continuation of table 3)

Hectoliter weight (kg/hL)
Fertilization level

Hybrid DK-5632
(flint texture)

Hybrid DK-440
(semi-flint texture)

Hybrid DK-5277
(semi-dent texture)
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Grain hardness (kg-f )
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N0S0

85.10 f

79.24 f

15.80 f

N100S0

88.91 d

87.62 d

26.93 d

N200S0

96.51 c

91.97 c

27.98 c

N0S50

87.27 e

85.73 e

17.13 e

N100S50

97.06 b

93.69 b

29.09 b

N200S50

98.71 a

95.23 a

32.65 a

X

92.26

88.91

24.93

CV (%)

0.05

0.05

1.55

Crude protein (%)
N0S0

8.34 e

7.95 f

7.32 f

N100S0

9.33 d

10.19 d

8.25 e

N200S0

10.66 b

10.37 c

9.66 c

N0S50

9.93 c

9.25 e

8.61 d

N100S50

10.00 c

11.15 b

10.25 b

N200S50

11.14 a

11.72 a

10.37 a

X

9.9

10.11

9.08

CV (%)

0.90

0.38

0.31

Note. Different letters within a column indicate significant differences (p≤0.05) according to Tukey's multiple comparisons test
Source: Elaborated by the authors
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Table 4. Coefficients of linear correlation between grain hardness (GH), grains per square meter (G/m2), flotation
index (FI), hectoliter weight (HW), the weight of 1.000 grains (W1000G), percentage of crude protein (CP) and
yield, in three corn hybrids with different endosperm textures

GH
G/m2

G/m2

FI

HW

W1000G

CP

-0.1659

P1000G

PC

Rendimiento

0.0401

**

Ns

0.7183

0.4058

-0.8207

**

Ns

**

0.0915

0.8746

-0.1957

0.6055

Ns

**

Ns

**

0.5081

0.4370

-0.6392

0.9038

0.7100

*

Ns

**

**

**

-0.2678

0.8311

0.0868

0.4021

0.6902

0.5102

Ns

**

Ns

Ns

**

*

Ns: Not significant. ** Significant at 1 % probability. * Significant at 5 % probability.
Source: Elaborated by the authors

Conclusions
The interaction between the genotype and the
fertilization strategy influences all the variables
measured in this study. All hybrids reach the highest
yields when they are fertilized with the level of
fertilization of N200S50. The soft endosperm hybrid
showed the highest yields. The fertilization with N
and S for all hybrids evaluated generates an increase
in the percentage of proteins, which produces
effects on the texture of the grain, increases its density
and weight, and decreases its flotation index. The
2019 Corporación Colombiana de Investigación Agropecuaria

application of N200S50 allows reducing the flotation
index values significantly in all hybrids. The results
obtained for the measured variables indicate a greater
efficiency in the use of N with the addition of 50 kg/ha
of S. The yield and the weight of one-thousand
grains correlate in a positive and highly significant
way, while the crude protein content is positively
and significantly associated with the yield and the
grain hardness. Moreover, also in a positive and highly
significant way with the hectoliter weight and the
weight of one-thousand grains. Further, the hectoliter
weight shows a negative and highly significant
correlation with the flotation index.
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