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ABSTRACT.  The application in a single or split dose of nitrogen in 
wheat affects the expression of ear components. Models that simulate 
these effects can help predict yield. Our objective was to identify 

wheat ear components that are responsive to the forms of nitrogen 
supply in a single versus split dose d. This was achieved by testing 
variables in the construction of a multiple linear regression model for 

grain yield simulation in harvest simulation analysis. The study was 
carried out in 2018 and 2019, in a randomized block design with four 
replications in a 3 x 3 factorial scheme, for three doses of nitrogen 

(30, 60, 120 kg ha
-1

) and three forms of nutrient supply [ single dose 
(100%) at phenological stage V3 (third expanded leaf); split dose 

(70% and 30%) at phenological stage V3/V6 (third and sixth 
expanded leaf) and split dose (70% and 30%) at phenological stage 
V3/R1 (third expanded leaf and beginning of grain filling)] , 

respectively, in the soybean/wheat and corn/wheat succession 
systems. This form of fractionation of 70% and 30% is the form 
commonly used in commercial wheat crops. The wheat cultivar used 

was BRS Guamirim. Twenty ears of wheat per experimental unit 
were randomly collected, which were sent to the laboratory. Ear mass 
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(EM, g), ear grain mass (EGM, g), ear grain number (EGN, n), ear 
length (EL, cm) and ear harvest index (EHI), given by the ratio of ear 
grain mass to ear mass, dry weight were measured. Nitrogen supplied 

in single and split doses modifies with greater intensity the wheat ear 
components ear mass and ear grain mass. The nitrogen in a single 
dose supplied at stage V3 provides significant superior grain yield 

compared to split doses, regardless of nutrient dose, crop season and 
succession system. 
 
Key words: Triticum aestivum; Nitrogen fertilizer; Agricultural security 

INTRODUCTION 
 
Wheat is a cereal grown on a large scale in several regions of the world, having 

great importance in the global economy (Trautmann et al., 2020; Moustafa et al., 2021). The 

yield and quality of wheat grains is directly linked to the performance of cultivars, 
management technologies, soil and climate (Silva et al., 2015; Costa et al., 2017). 

Among the management technologies, nitrogen plays an important role in 
biochemical processes, being part of the constitution of proteins, enzymes, coenzymes, 
nucleic acids, phytochromes and chlorophyll, among others, with direct effects on grain 

yield and quality (Correa Filho et al., 2017; Brezolin et. al., 2017). Urea (soluble fertilizer) 
is the most used source of nitrogen in agriculture because of its high content of the nutrient 
(45%) and rapid availability to plants, in the form of broadcast application on the soil 

(Prando et al., 2013; Santos et al., 2020). The greater absorption of nitrogen by the urea 
source depends on soil moisture and adequate air temperature, conditions not always 

obtained at the time of fertilization, generating efficiency losses, increased production costs 
and environmental pollution (Mantai et al., 2015; De Mamann et al 2019). These facts have 
raised concern even in public health issues when it involves the contamination of 

groundwater and surface water (Fernandes et al., 2017; Peng et al., 2020). Difficulties 
encountered in nitrogen management suggest that application at different stages of 
development can be the solution for improving efficiency and reducing losses (Espindula et 

al., 2010; Brezolin et al., 2016). 
In wheat, the components linked to the ear act directly on the expression of grain 

yield. These components, such as the number of spikelets per ear and the grain mass, are 

strongly influenced by the variation in the dose and timing of nitrogen supply (Silva et al., 
2015; Batista et al., 2020). These conditions lead to the possibility of searching for the 

components of the ear and nitrogen simulation models that enable the prediction of 
productivity (Costa et al., 2018; Trautmann et al., 2020). The use of efficient models that 
integrate plant components and management can contribute to the predictability of crop 

seasons and crop planning, as well as a subsidy for the analysis of productivity in 
inspections of agricultural activity guarantee programs (Mantai et al., 2016; De Mamann et 
al., 2020). 

Multiple linear regression is a model that enables the combination of controlled and 
uncontrolled variables to carry out simulations, explaining the effect of independent 

variables on a main variable (Trautmann et al., 2017; Marolli et al., 2017). The use of the 
Stepwise technique to identify potential variables for inclusion in multiple linear regression 
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promotes the generation of a more robust and efficient model (Dalchiavon, Carvalho 2012; 
Mantai et al., 2016). 

The objective of this work was to identify components of the wheat ear that are 

more responsive to the forms of nitrogen supply in a single versus split dose and the 
management of nitrogen that promotes greater productivity. This was done using a multiple 
linear regression model for grain yield simulation in crop prediction analysis. 

MATERIAL AND METHODS 
 
The experiment was conducted in the field, in the seasons of 2018 and 2019, in the 

county of Augusto Pestana, RS, Brazil (28° 26’ 30’’ S latitude and 54° 00’ 58’’ W 
longitude). The soil of the experimental area is classified as a typical dystroferric red latosol 
(Oxysol) and the climate of the region, according to the Köeppen classification, of the Cfa 

type, with hot summer without a dry season. In the study, 10 days before sowing, soil 
analysis was performed and identified, over the years average, the following chemical 
characteristics of the site: i) corn/wheat system (pH= 6.5, P= 34.4 mg dm

-3
, K= 262 mg dm

-

3
, OM= 3.5%, Al= 0.0 cmolc dm

-3
, Ca= 6.6 cmolc dm

-3
 and Mg= 3.4 cmolc dm

-3
) and; ii) 

soybean/wheat system (pH= 6.2, P= 33.9 mg dm
-3

, K= 200 mg dm
-3

, OM= 3.4%, Al= 0.0 

cmolc dm
-3

, Ca= 6.5 cmolc dm
-3

 and Mg= 2.5 cmolc dm
-3

). The experimental design was a 
randomized block design with four replications, in a 3 x 3 factorial scheme for N-fertilizer 
doses (30, 60, 120 kg ha

-1
) and forms of supply [single dose, with 100% nitrogen applied in 

the V3 stage phenological (expanded third leaf); split dose, with 70% and 30% nitrogen 
applied in the phenological stages V3 (expanded third leaf) and V6 (expanded sixth leaf), 
respectively; and split dose, with 70% and 30% nitrogen applied in the phenological stages 

V3 (expanded third leaf) and R1 (beginning of grain filling), respectively]. This form of 
fractionation of 70 and 30% is the form commonly used in commercial wheat crops. 

The sowing was carried out with a seeder-fertilizer for the composition of plots with 

5 rows of 5 m in length and spaced 0.20 m apart, forming the experimental unit of 5 m
2
. At 

sowing, 30 and 15 kg ha
-1

 of P2O5 and K2O were applied, respectively, based on the P and 

K contents in the soil for expected grain yield of 3 t ha
-1

 and N in the base with 10 kg ha
-1

, 
with the urea source, with the remainder to contemplate the doses proposed in the study. 
The experiment was carried out in two cropping systems, involving soil cover with high and 

low Carbon/Nitrogen vegetable residue, in a corn/wheat and soybean/wheat succession 
system, respectively. The seeds were submitted to a germination and vigor test in the 
laboratory, in order to correct the desired density of 400 viable seeds m

2
. Applications of 

the fungicide tebuconazole at a dosage of 0.75 L ha
-1

 were carried out to control fungal 
diseases. For weed control, the herbicide metsulfuron-methyl was used at a dose of 4g ha

-1
. 

The wheat cultivar used was BRS Guamirim, which is small in size, early cycle, resistant to 
lodging, commercial class "bread" type and with high productive potential, representing the 
standard biotype desired by wheat growers in southern Brazil. The harvest of the 

experiment to estimate the grain yield was done manually by cutting the three central lines 
of each plot, stage close to the harvest point (125 days), with grain moisture approximately 
15%. The plots were tracked with a stationary harvester and sent to the laboratory for 

correction of grain moisture to 13%, after weighing and estimating grain yield (GY, kg ha
-

1
). In the analysis of ear components, 20 ears of wheat per experimental unit were randomly 

collected, which were sent to the laboratory for decomposition of the inflorescence 
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components. Therefore, ear mass (EM, g), ear grain mass (EGM, g), ear grain number 
(EGN, n), ear length (EL, cm) and ear harvest index (EHI), given by the ratio of ear grain 
mass to ear mass, dry weight were measured. 

In compliance with the assumptions of homogeneity and normality of the variables, 
analysis of variance of the main effects and interaction of doses and forms of nitrogen 
supply were performed (not shown). By Singh's method, contribution analysis of single and 

split nitrogen supply on wheat ear components at different nutrient doses. The Sing method 

is based on the 𝑆.𝑗 , statistic, where: 
 

 𝐷𝑖𝑖′
2 = 𝛿 ′𝜓−1𝛿 =   𝜔𝑗𝑗 ′𝑑𝑗𝑑𝑗 ′

𝑛
𝑗 ′=1

𝑛
𝑗=1                              (Eq. 1) 

5  

where: 𝐷𝑖𝑖′
2  is the Mahalanobis distance between treatments 𝑖 and 𝑖′, 𝜓 is the matrix 

of residual variances and covariances, 𝛿 ′ =   𝑑1  𝑑2 …  𝑑𝑛 , where 𝑑𝑗 = 𝑌𝑖𝑗 − 𝑌𝑖′𝑗 , 𝑌𝑖𝑗  is the 

mean of the i-th dose in relation to the j-th character and 𝜔 is the element of the j-th row 
and j'-th column of the inverse of the matrix of residual variances and covariances. The total 

of distances involving all pairs of treatments is given by: 
 

   𝐷𝑖𝑖′
2

𝑖′ =  𝐷𝑚
2

𝑚 =  𝑆.𝑗𝑗=1𝑖<                                  (Eq. 2) 
 

The percentage values of 𝑆.𝑗  indicate the measure of the relative importance of 

variable 𝑗. 
Linear regression analysis was performed to show the level of the relationship 

between grain yield and nitrogen dose in each nitrogen application condition (single and 
split), supporting the identification of the best way to supply the product and bases for 

simulation validation involving a multiple linear regression model. 
The selection of potential variables for multiple linear regression was performed 

using the Stepwise technique. In this technique, a sequence of regression models in which 

variables are added and removed is iteratively constructed, selecting the regression that has 
the greatest relationship with the main variable. The addition and removal of variables is 

performed using partial F statistic, according to the model: 
 

 𝐹𝑗 =
𝑄𝑆𝑅 (𝛽𝑗  | 𝛽1 ,𝛽0)

𝑄𝑀𝐸 𝑋𝑗 ,𝑋1 
                                               (Eq. 3) 

 

where: 𝑄𝑆𝑅 is the regression sum of squares and 𝑄𝑀𝐸 𝑋𝑗 , 𝑋1  is the mean error 

square containing the variables 𝑋𝑗  and 𝑋1. Variables selected via Stepwise were used to 

compose the multiple linear regression equation to simulate wheat grain yield. This 
equation is composed of two or more variables in generating an equation as follows: 

 

 𝑦 = 𝑏0 + 𝑏1𝑋1 + 𝑏2𝑋2 + 𝑏3𝑋3 + ⋯ + 𝑏𝑛𝑋𝑛 + 휀                   (Eq. 4) 
 

 
described in matrix form as: 

 

𝑦 =  

𝑌1

𝑌2

𝑀
𝑌𝑛

 ; 𝑋 =

 
 
 
 

1 𝑋11 𝑋12 … 𝑋1𝑝

1 𝑋21 𝑋22 … 𝑋2𝑝

𝑀 𝑀 𝑀 … 𝑀
1 𝑋𝑛1 𝑋𝑛2 … 𝑋𝑛𝑝  

 
 
 

; 𝑏 =  

𝑏1

𝑏2

𝑀
𝑏3

 ; 휀 =  

휀1

휀2

𝑀
휀3

 .       (Eq. 5) 

From these matrices, the values of the regression coefficients are obtained, as 
follows: 
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 𝛽 =  𝑋′𝑋 −1𝑋′𝑌                                               (Eq. 7) 
 

and the variance of these coefficients is obtained by the covariance matrix of the 
vector of the regression coefficients: 

 

 
𝑪ô𝒗 𝜷  =  𝑿′𝑿  𝝈  e  𝝈 𝟐 =

 𝒀−𝑿𝜷  
′
 𝒀−𝑿𝜷  

𝒏−𝒑−𝟏
                          (Eq. 8) 

 

where 𝑛 is the number of equations 𝑝 and is the number of parameters. The 

hypothesis test is verified: 𝐻0:𝛽𝑖 = 0; 𝑣𝑠 𝐻𝑎 :𝛽𝑖 ≠ 0, expressed by: 
 

 𝒕 =
𝜷 𝒊−𝜷𝒊

 𝑽  𝜷 𝒊 

                                                     (Eq. 9) 

 

The values of nitrogen doses together with the mean values of the wheat ear 

components validated by the Stepwise technique were used in the multiple linear regression 
models, regardless of the crop season. All analyzes were performed using the free Genes 
software (Cruz, 2013). 

RESULTS AND DISCUSSION 
 
In 2019 (Figure 1), high maximum temperatures were observed at the beginning of 

wheat development, with no rain in the days prior to fertilization at phenological stage V3. 
This condition leads to a greater loss of nitrogen by volatilization and lower absorption 
efficiency due to the restriction of soil moisture to the plants, resulting in lesser 

development of tillers and ears per area. Fertilizer application in split condition at 
phenological stage V6 was followed by a high volume of rain, which favors the loss of 
nitrogen by leaching, due to the high solubility of urea. On the other hand, nutrient splitting 

at the flowering stage showed a more adequate condition for nitrogen management, with 
soil moisture caused by rains that occurred the day before fertilization. The meteorological 

conditions presented together with the reduced average grain yield obtained (Table 1) 
qualify the year 2019 as unfavorable (UY) for the growing of wheat. In 2018 (Figure 1), 
lower maximum temperatures were observed during nitrogen supply at the V3 phenological 

stage, favoring tillering, a component directly linked to productivity. The occurrence of 
light rains before and after the application of nitrogen was also observed, ensuring soil 
moisture with great possibility of better use of nitrogen. 

Similar moisture guarantee conditions were also observed in the phenological stages 
of nitrogen splitting in V6 and R1, but with higher temperatures in these periods compared to 

2019. However, the average grain yield obtained in 2018 (Table 1), with difference of 
almost 1000 kg ha

-1
 in relation to 2019, qualifies the year as favorable (FY) for the growing 

of wheat. 

The efficiency of the application of urea, the main source of nitrogen fertilization, 
depends on favorable weather conditions, especially adequate rainfall distribution and 
milder temperatures (Arenhardt et al., 2015; Costa et al., 2017). The milder air temperature 

in the vegetative cycle influences wheat development, with greater tiller production and 
distribution of photoassimilates for yield, while higher temperatures reduce root 
development and leaf area and the percentage of fertilized flowers (Ribeiro et al., 2012; 

Fioreze et al., 2019). Water stress, caused by the excess or shortage of rainfall, has negative 
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effects on plant survival and growth, mainly harming grain yield (Santos et al., 2012). 
However, a favorable climate for wheat is described as one of milder temperatures and high 
solar radiation, without heavy rain and large volumes, with adequate distribution to 

maintain stored soil moisture (Silva et al., 2015; Trautmann et al., 2021). 
 

 
Figure 1. Rainfall and maximum temperatures along the wheat crop cycle and the times of nitrogen application in 

the years of growing. V3 = Full condition (100%) of the nitrogen dose at the third expanded leaf stage. V3/V6 = 

Fractionated condition (70%/30%) of the nitrogen dose at the third and sixth expanded leaf stage, and V3/R1 = 
Fractionated condition (70%/30%) of the nitrogen dose at the third expanded leaf stage. 

 
 

Table 1. Temperature and rainfall in the months of growing and average wheat yield. 

 

Year Month 
Temperature 

o
C  Rainfall mm GY 

Class 
Min Max  Mean  Average

* 
Actual Kg 

2019 

May  11.1 24.5 17.8  149.7 20.3 

2436b  UY 

June  9.3 20.7 14.5  162.5 59.4 

July 7.4 17.5 12.4  135.1 176.6 

August 12.9 23.4 18.1  138.2 61.4 

September 12.0 23.0 17.5  167.4 194.6 

October 15.0 25.5 20.2  156.5 286.6 

Total        909.4 798.9 

2018 

May  10.5 22.7 16.6  149.7 100.5 

3421 a FY 

June  7.9 18.4 13.15  162.5 191.0 

July 8.3 19.2 13.75  135.1 200.8 

August 9.3 20.4 14.85  138.2 223.8 

September 9.5 23.7 16.6  167.4 46.5 

October 12.2 25.1 18.65  156.5 211.3 

Total        909.4 973.9 
*Average rainfall obtained in the last 25 years; means followed by the same letter in the column do not differ at p ≤ 0.05 by 

the Scott & Knott test; Min: Minimum; Max: Maximum; Mean: average temperature; FY: Favorable year; UY: unfavorable year; GY: 

Average grain yield. 
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In Table 2, the general averages of grain yield and wheat ear components show a 
tendency to reduction in most variables with nitrogen splitting, regardless of the cropping 
system. This behavior possibly shows that the dose splitting of the nutrient in stages close to 

the grain filling does not contribute to the maximization of components related to yield. 

 
 

Table 2. Mean values and relative contribution of wheat yield and ear components by the forms of nitrogen 

supply in each dose of the nutrient. 

 

Characters    

Splitting Average  RC (Singh, %) 

 
 Nitrogen doses (Kg ha

-1
) 

V3    V3/V6 V3/R1  30 60 120 

(2018+2019) 
Soybean/wheat system 

GY  3278 3226 3065  21.53 23.69 10.0 

EM 1.45 1.39 1.5  14.96 24.69 14.1 

EGM 1.06 1.05 1.01  35.90 39.25 38.8 

EGN     27.88    27.92 27.96  0.80 1.72 9.0 
EL 7.25 6.72 7.15  0.42 5.83 15.6 
EHI 0.72 0.75 0.74  26.39 4.81 12.5 

Corn/wheat system 

GY 2752 2762 2546  31.05 55.88 70.47 

EM 1.35 1.28 1.28  19.31 9.32 5.17 
EGM 0.97 0.92 0.94  34.14 14.92 10.54 
EGN 27.29 27.22 25.74  0.31 10.03 5.10 
EL 6.98 6.48 6.51  2.36 4.05 0.96 
EHI 0.72 0.72 0.73  12.82 5.80 7.76 

V3 = collar formed on the 3rd leaf of the main stem; V3/V6= Collar formed on the 6th leaf of the main stem and V3/R1= Differentiation of 

the ear; RC=Relative contribution by Singh's method; GY= grain yield (kg ha -1); EM= ear mass (g); EGM= ear grain mass (g); EGN= ear 

grain number (n); EL= ear length (cm); EHI= Ear Harvest Index (EGM/EM). 

 

In the analysis of the relative contribution in the soybean/wheat system (Table 2), 
the variables grain yield, ear mass, ear grain mass and ear harvest index show effective 

changes due to the single and split form of nitrogen supply in different doses of the nutrient, 
with the exception of the ear harvest index with 60 kg ha-1, which showed a reduced 
contribution. Regardless of nutrient dose, ear grain mass was the most effective component 

of change due to single and split nitrogen availability. In the corn/wheat system (Table 2), 
regardless of the nitrogen dose, a high change by the single and split dose of the nutrient 
was observed for grain yield, ear mass and ear grain mass. In this condition, the greater 

sensitivity for the single and split supply of nitrogen is directly linked to yield, unlike the 
soybean/wheat system, due to the greater contribution of the ear grain mass. This fact 
justifies that the greater availability of residual-N in the soybean/oat system enhances the 

expression of fertile tillers, generating a greater influence of nitrogen on the inflorescence 
components. On the other hand, the restriction of residual-N imposed by the corn/wheat 

system hinders greater expression of tillering, generating a greater need for the use of 
fertilizer nitrogen in the maintenance of this component, therefore, the effects observed on 
the inflorescence components are smaller. It is noteworthy that the number and mass of ear 

grains and the number of fertile tillers per plant or area are components directly linked to 
yield and with greater contribution from tillering in altering grain yield (Valério et al., 2009; 
Silva et al., 2015). 
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Relative contribution analysis allows knowing the characteristics or components 
that have the greatest contribution to genetic and environmental effects (Mantai et al., 
2016b). They observed the influence of succession systems on grain yield and oat panicle 

components, with greater change by the analysis of relative contribution of grain and 
panicle mass by different doses of nitrogen supply. Kurek et al. (2002), studying oats, found 
the greatest contribution in the identification of plants with higher grain yield in panicle 

mass. According to these authors, panicle grain number and panicle grain mass were also 
effective in differentiating more desirable genotypes. Silva et al. (2007) in wheat observed 
in the ear mass and the number of grains per ear the greatest sensitivity of alteration due to 

genetic and environmental effects, with direct effects on yield. 
Table 3 shows the linear regression analysis to estimate the agronomic efficiency of 

wheat grain yield as a function of nitrogen doses provided in single (V3) and split (V3/V6 
and V3/R1) doses in a soybean/wheat and corn/wheat systems, in the joint analysis of the 
crop seasons. It is noteworthy that the agronomic efficiency is obtained by the angular 

coefficient (bix) of the linear equation (Arenhardt et al., 2017; Mantai et al., 2021), 
indicating in this research the relation of yield increment per kilogram of nitrogen supplied. 
In soybean/wheat system, the greatest agronomic efficiency was obtained with the nutrient 

supplied in a single dose, in the ratio 1: 66, therefore, an increase of 66 kg ha
-1

 of grains for 
each kilogram supplied of the nutrient. A reduction in efficiency is also observed when 

splitting takes place in V3/V6 and advances to V3/R1, with 60 and 52 kg of grains for each 
kilogram of nitrogen added, respectively. In corn/wheat system, the most effective 
agronomic efficiency was observed equally when the nutrient was directed in a single dose 

(V3) and split in V3/V6, with a return of 51 kg ha
-1

 of grains per kilogram of nitrogen. In this 
condition, there is also a strong reduction in efficiency with the splitting in V3/R1, with a 
return of 39 kg ha

-1
 of grains per kilogram of nitrogen supplied. 

 
 

Table 3. Linear regression in the estimation of agronomic efficiency as a function of nitrogen doses in a 

single and split supply with simulation of wheat grain yield. 

 

N 

Supply 
GY=bo±bix 

P R² N-fertilizer dose GYs 

(bix) (%) GYE (3000 kg ha
-1

) (kg ha
-1

) 

(2018 + 2019) 
Soybean/wheat system 
V3 107+66x * 99 60 4067 
V3/V6 243+60x * 94 60 3843 
V3/R1 237+52x * 93 60 3357 

Corn/wheat system 
V3  67+51x * 99 90 4657 
V3/V6 124+51x * 98 90 4714 
V3/R1 189+39x * 93 90 3699 

V3=third leaf expanded stage; V3/V6=third and sixth leaf expanded stage; V3/R1= third leaf expanded stage and ear differentiation; 

GY=grain yield; P(bix)=parameter that measures the significance of the line; R²=coefficient of determination; GYE=expected grain yield 

as recommended in the Lime and Fertilizer Manual for the States of Rio Grande do Sul and Santa Catarina, 2016; GYs=simulated grain 

productivity. 

 
In table 3, from the parameters of the linear equation, the simulated grain yield 

(SGY) was also obtained considering the nitrogen dose of 60 and 90 kg ha
-1

 for the 
soybean/wheat and corn/wheat succession system, respectively, in the grain yield 
expectation of 3000 kg ha

-1
, according to the Lime and Fertilizer Manual for the states of 
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Rio Grande do Sul and Santa Catarina, Brazil. Thus, the replacement of the expectation 
dose to the regression models shows that the highest grain yield estimated in the 
soybean/wheat system was obtained in the single dose application at V3 stage (4067 kg ha

-

1
), with reduced yield under the conditions of splitting, mainly in V3/R1. In the corn/wheat 

system, the expectation dose of 3000 kg ha
-1

 shows greater magnitude of yield simulated in 
stages V3 and V3/V6, with 4657 and 4714 kg ha

-1
 of grains, respectively, and with a strong 

reduction in yield with the splitting in V3/R1. Therefore, the obtained results qualify the 
nitrogen management in a single application at stage V3, avoiding the expense of a second 
management operation in the crop by splitting in V3/V6, and especially in V3/R1, with a 

strong reduction in yield, regardless of the succession system. 
Nitrogen fertilization is one of the most important management techniques in cereal 

growing due to its great effect on grain yield (De Mamann et al., 2019). In wheat, the timing 
and form of nitrogen supply modify ear components directly linked to yield (Silva et al., 
2015). Pietro-Souza et. al (2013) mention the importance of nitrogen supply in the initial 

stages of growing to increase the number of spikelets and grains per ear. However, the 
greatest efficiency of the nutrient depends on adequate conditions of soil moisture and air 
temperature, a condition not always obtained at the time of fertilization (Costa et al., 2018). 

According to Brezolin et al. (2016), the fractional supply of nitrogen at different times of 
wheat development can be an alternative to reducing nutrient losses. The results obtained 

here show that a single supply in V3 is more efficient on the expression of yield compared 
to splitting. Therefore, management in a single application of fertilizer under more 
favorable conditions of soil moisture and air temperature ensure greater efficiency in the 

elaboration of grain yield. 
The complex relationships between the plant and nitrogen management reinforce 

the search for more adjusted simulation models that allow for qualifying the crop forecast 

estimate. These models can potentially be constructed taking into account plant 
inflorescence components and nitrogen rates (Mantai et al., 2016). In this perspective, in 
Table 4, the significance by the Stepwise technique is presented, in the indication of 

potential variables for inclusion in a multiple simulation model. In the soybean/wheat 
system, the application of nitrogen in a single dose in V3 qualifies the number of grains per 

ear, the ear harvest index and the nitrogen dose as potential variables. In the V3/V6 
phenological stage, ear mass and nitrogen dose indicated more significant effects. In the 
application at the V3/R1 stage, both ear length and nitrogen dose were the most promising 

variables. In the corn/wheat system (Table 4), in the single dose application in V3, the ear 
grain mass, ear length and nitrogen dose were effective. In stage V3/V6, ear harvest index 
and nitrogen dose were classified, and in stage V3/R1, only nitrogen dose shows 

contribution for inclusion in the multiple linear regression model. 
The results presented in Table 4 show that the forms of nitrogen supply act 

differently on the components of the wheat ear, modifying the magnitude of importance for 
inclusion in the multiple model. On the other hand, the nitrogen dose proved to be effective 
regardless of the form of supply, being potentially necessary in the simulation. Studies 

analyzing plant variables and nitrogen management support the importance of the nutrient 
on the development of different crops (Pietro-Souza et. al 2013; De Mamann et al., 2017). 
Mantai et al. (2016), for the oat crop, using the Stepwise technique, defined the panicle 

harvest index and the nitrogen dose as efficient to compose the multiple linear regression 
model in a soybean/oat system. In corn/oat system, panicle harvest index, number of grains 
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per panicle and number of spikelets per panicle were selected, showing that the succession 
system interferes with the classification and magnitude of importance of the variables, 
meeting the results of this study. Marolli et al. (2017) used the grain mass per panicle and 

the oat panicle harvest index to compose the multiple linear regression models, with high 
reliability of grain yield simulation along with the management of the growth regulator and 
nitrogen. Trautmann et al. (2017) selected rainfall, crop cycle days and nitrogen rates in 

development in the simulation of wheat biomass yield, with results close to those observed. 
Marolli et al. (2018) identified the thermal sum, rainfall, solar radiation, growth regulator 
dose and biomass cut-off moment, qualifying the composition of the multiple linear 

regression model, in the simulation of oat biomass yield. In the cited works, the high 
reliability of the multiple linear regression models in the simulation of yield in different 

scenarios, based on the variables selected by the Stepwise technique, is highlighted. 
 

 

Table 4. Significance by the Stepwise technique of potential wheat variables for use in the multiple linear 

regression model, with mean values of the classified variables. 

 

Source of 

variation 

Mean square/Stepwise   Mean square/Stepwise 

Soybean/wheat system 
 

Corn/wheat system 

V3 V3/V6 V3/R1   V3 V3/V6 V3/R1 

 
2018+2019 

Regression 6508728* 7030946* 4940923* 
 

2597993* 4329377* 7547405* 
EM ns * ns 

 
ns ns ns 

EGM ns ns ns 
 

* ns ns 
EGN * ns ns 

 
ns ns ns 

EL ns ns * 
 

* ns ns 
EHI * ns ns 

 
ns * ns 

N Dose * * * 
 

* * * 
Error 99659 145805 192093   159756 100438 65295 

Selected variables 
Soybean/wheat system means 

 
Corn/wheat system means 

V3 V3/V6 V3/R1   V3 V3/V6 V3/R1 

EM - 1.39 - 
 

- - - 

EGM - - - 
 

0.97 - - 
EGN 27.88 - - 

 
- - - 

EL - - 7.15 
 

6.98 - - 
EHI 0.72 - - 

 
- 0.72 - 

N Dose 60 60 60 
 

90 90 90 

V3 = collar formed on the 3rd leaf of the main stem, V3/V6= Collar formed on the 6th leaf of the main stem and V3/R1= Differentiation of 

the ear; EM= ear mass (g); EGM= ear grain mass (g); EGN= ear grain number (n); EL= ear length (cm); EHI= ear harvest index 

(EGM/EM); N Dose = Dose of Nitrogen; * = Significant at 5% error probability, respectively, by the F test; ns= Not significant by the F 

test at 5% probability of error. 

 
From the selected variables in each of the scenarios, Table 5 presents the multiple 

linear regression equations for the simulation of wheat grain yield by the dose of nitrogen 

and ear components in the doses in single and split nitrogen supply. The simulations 
considered the nitrogen dose for the expected yield of 3000 kg ha

-1
, in a soybean/oat (60 kg 

ha
-1

) and corn/oat (90 kg ha
-1

) system, together with the average values of the components 
of ear obtained in the joint analysis of the studied crop seasons (Table 4). For both 
succession systems, the grain yield values simulated at stages V3, V3/V6 and V3/R1 were 

similar to the mean values observed under field conditions, with the results contained in the 
mean confidence interval (Table 5). Also noteworthy are the different multiple regressions 
found for the same fertilization conditions. That confirms the dynamics of the 

carbon/nitrogen ratio of succession systems in influencing plant variables and interaction 
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with fertilizer nitrogen. This dynamic is, for example, observed with the number of grains 
per ear, which was significant in the phenological stage V3 only in the soybean/wheat 
system. Due to the greater release of residual-N in this system, the maximization of 

expression of the number of grains is favored, a phase that initiates the cellular 
differentiation processes of spikelets of the ear (Kuhnem et al 2020). 

 
 

Table 5. Multiple linear regression to simulate wheat grain yield by ear components and nitrogen rates in 

the forms of supply in growing systems. 

 

N supplied 

(stage) 

Equation GYo GYs CI 

GY=f(xi) (kg ha
-1

)   (kg ha
-1

) LL-UL 

Soybean/wheat system 

V3 GY=-4547+70.99EGN+6947EHI+11.48N 3277 3122 2860-3494 
V3/V6 GY=-1782 +3097.92EM+9.38N 3226 3086 2864-3487 
V3/R1 GY=-6457+1156EL+17.98N 3065 2887 2649-3281 

Corn/wheat system 

V3 GY=6212+2007.84EGM-904.38EL+12.99N 2752 3016 2482-3121 
V3/V6 GY=-4618+9134EHI+11.57N 2762 2999 2496-3128 
V3/R1 GY=1497+14.98N 2546 2845 2312-2980 
V3 = collar formed on the 3rd leaf of the main stem, V3/V6= Collar formed on the 6th leaf of the main stem and V3/R1= Ear differentiation; 

GYo= Observed grain yield; GYs= simulated grain yield; EM= ear mass (g); EGM= ear grain mass (g); EGN= ear grain number (n); EL= 

ear length (cm); EHI= ear harvest index (EGM/EM); N= nitrogen dose; CI = confidence interval; LL= lower limit of the confidence 

interval; UL= upper limit of the confidence interval. 

 

In the supply at later stages, little influence is given on the ear components. In the 
V3/R1 condition, only in the soybean/wheat system there is inclusion of the ear length, 

however, it has no direct influence on yield. Similar results in later fertilization were also 
observed by Costa et. al (2018). Multiple linear regressions are of great importance in the 
study of systems where there is a need to understand the influence of multiple factors on a 

main variable. Dalchiavon et al. (2012), simulated with high quality by multiple linear 
regression the rice yield by the number of panicles, weight and number of spikelets per 
panicle and thousand grain mass. Marolli et. al (2018) efficiently developed a multiple 

linear regression model, considering plant variables, climate and management of growth 
regulator and nitrogen to simulate the yield of oat biomass for silage throughout the cycle. 
Liu et al (2020) used multiple linear regression to quantify the importance of ear 

components for determining wheat grain yield per plant under low air temperature 
conditions, finding that the reduction in grain yield is attributed to the decrease in number of 

ears per plant and number of grains per ear. 

CONCLUSIONS 
 
Nitrogen supplied in single and split doses modifies the wheat ear components ear 

mass and ear grain mass at different nitrogen doses and succession systems. 
The nitrogen in a single dose supplied at stage V3 provides significantly superior 

grain yield compared to a split dosabe, regardless of nutrient dose, crop season and 
succession system.  

The multiple linear regression model efficiently simulates wheat grain yield by 

inflorescence and nitrogen components, ensuring crop predictability. 
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