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Abstract 
 
As new wheat cultivars (Triticum aestivum L.) continue to be developed, they enable cultivation in regions experiencing tropical 
types of climate under conditions of irrigation. However, further studies are necessary to provide details regarding the properties 
of the nutrients and their behavior under these conditions to advance the plant growth. Therefore, this study aimed at assessing 
the development of the irrigated wheat in Oxisol, using combined doses of nitrogen and potassium. These fertilizers are added in 
the tropical areas as a viable alternative to expand the wheat cultivable regions. Adopting the completely randomized block design, 
the experiment was conducted for two consecutive years in the State of Mato Grosso, Brazil. Five nitrogen doses (0, 70, 140, 210, 
280 kg ha

-1
), using urea as the fertilizer, and five potassium doses (0, 50, 100, 150 and 200 kg ha

-1
), using Simple superphosphate as 

the fertilizer were employed with four replicates. Using the conventional spraying irrigation method, the plant height, number of 
leaves and tillers, plant lodging and chlorophyll index were assessed. The nitrogen and potassium doses were observed to influence 
the irrigated BRS 254 wheat in terms of the growth and chlorophyll levels. Potassium expressed the best results for the variables of 
this study when added alone. The addition of nitrogen demonstrated remarkable results during the second agricultural year. 
 
Keywords: Triticum aestivum L., Fertilization management; BRS 254, Wheat Production in the Cerrado, Nitrogen and Potassium 
doses. 
Abbreviations: DAE_Days after plant emergence, FTE_Fritted trace elements, SPAD_Soil plant analysis development. 
 
Introduction 
 
Wheat is extensively utilized in human consumption and has 
high ranked globally among the most essential cereals. As 
the constantly burgeoning population requires increasing 
food production (Ahmed et al., 2013), the availability of 
more cereals, like wheat, directly affects the very survival of 
mankind (Shahzad et al., 2013).  According to Reynolds et al. 
(2012), one of the principal methods of increasing the wheat 
availability to fulfil the world-wide demand is to promote the 
production of wheat. However, as wheat mostly grows in the 
temperate zones (Goutam et al., 2013), high temperatures 
greatly affect the wheat by influencing the photosynthetic 
process (Chen et al., 2017), which in turn restricts the 
productivity (Webber et al., 2017). Several studies have been 
conducted solely to identify the genes or chemical reactions 
that can enhance wheat cultivation, by raising its tolerance 
for higher temperatures. This will facilitate expanding its 
regions of cultivation. This is also beneficial with the trend of 
rising global temperatures (Wang et al., 2014; Wana, 2015; 
Mishra et al., 2017). Wheat cultivars were thus tailored to 
adapt the tropical climatic conditions, and particularly to the 
edaphoclimatic factors of the Brazilian Cerrado (Cordeiro et 
al., 2015). The concept involved extending the cultivable 
areas to raise wheat production in Brazil. The Cerrado is 

characterized by acidic soils with poor nutrient content, low 
in nitrogen, phosphorus, potassium, calcium, magnesium, 
zinc, boron and copper concentrations but with high 
aluminum saturation (Lopes and Guilherme, 2016). Poorly 
fertile soils will restrict agricultural production if left 
uncorrected (van der Velde et al., 2014). For enhanced 
wheat development and productivity, manuring and 
fertilization particularly utilizing nitrogen and potassium are 
necessary. When nitrogen is made abundantly available, the 
plants absorb it and show significant improvement in 
growth, development, output (Benett et al., 2011; Bavar et 
al., 2016) and grain quality (Espindula et al., 2010).  

A definite relationship between the high nitrogen doses 
and improved expression of the wheat gene, which was 
responsible for greater grain output, yield and quality (Zhan 
et al., 2017) has been observed. However, nitrogen added to 
the soil could cause environmental complications (Wang et 
al., 2017), as well as reduce the ability of the plant to use the 
nitrogen (Liu et al., 2016). 

Potassium, which is the primary nutrient in plant survival 
and cell evolution helps in maintaining the ionic cell balance 
and acts as an enzyme activator, besides activating the 
photosynthetic enzymes (Marschner, 2012; Erel et al., 2015). 
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Therefore, the plant must be provided with sufficient 
potassium levels to prevent any developmental loss.  

The soil potassium heightens the ability of the roots to 
absorb the nitrate and transport it later on to the aerial 
plant parts (Hu et al., 2016). Potassium is vital in establishing 
the beneficial boundary of the intensity of interaction 
among these micronutrients. 

Therefore, the fertilizer doses must be adjusted to suit the 
crop demand and reduce the negative environmental 
influences (Cao et al., 2017). Hence, this study aimed at 
assessing the development of irrigated wheat in Oxisol 
resulting from the effect of the combined nitrogen and 
potassium doses in the tropical parts of the country as a 
viable alternative to extend the cultivable wheat growing 
regions. 
 
Results and Discussions 
 
Plant height 
 
In terms of plant height, the first cultivation year of the 
wheat (2014) demonstrated no statistical difference among 
the treatments. Mean plant heights of 42.8 and 46.7 cm; 
therefore, were recorded for the first and second 
assessments, respectively. 

In the second cultivation year (2015), plant height showed 
a significant response to the nitrogen and potassium doses 
during the first assessment at 37 DAE. This was observed 
during the elongation phases and flag leaf emergence, at 
which phase 10.89% the nitrogen contribution was recorded 
(Fig. 1A). The potassium apparently contributed 7.26% to the 
plant growth for the same phase (Fig. 1B). 

The Cerrado region has a naturally distinctive poor fertile 
soil (Lopes and Guilherme, 2016); however, by implementing 
proper corrective management methods and appropriate 
fertilizers the agricultural yield showed great improvement. 
Thus, as this was the first crop, the plant height variable 
responded to the treatments more clearly only during the 
second year, when observable differences were reported 
among the treatments. 

During the second agricultural year (2015), the wheat 
plants were assessed at 52 DAE, just when the gleaning time 
began; an isolated effect was recorded when nitrogen alone 
was applied, which increased based on the doses applied. 
Plant height increased by 5.8% in response to the highest 
nitrogen dose when compared with the treatment lacking 
any fertilization (Fig. 1C). 

All the evaluations revealed a linear response of the plant 
height to the nitrogen doses applied. Hitz et al. (2017) 
assessed the effect of the addition of low and high nitrogen 
doses to the soil, and reported that the higher wheat yields 
were produced from the plants with the greatest heights. 
Belay (2014) proposed that grain yield could have a bearing 
on plant height, whereas stem elongation could encourage 
lodging, resulting in harvesting difficulties and slower grain 
maturation. 

Although there are many processes involved with wheat 
development, gibberellin signaling and the expression of this 
hormone group are directly linked to plant height (Zhang et 
al., 2016), which necessitates efficient nitrogen absorption 

by the plants (Gooding et al., 2012). However, the addition 
of potassium increased the efficiency and use of nitrogen 
and phosphorus (Niu et al., 2013). 
 
Number of tillers 
 
In the first agricultural year, potassium was found to be 
significantly influence the number of tillers only during the 
first evaluation (37 days), at which the most number of 
tillers (103.61 m

-1
) was recorded for the potassium dose of 

83.83 kg ha
-1

 (Fig. 2A). During the second evaluation of the 
first agricultural year, the number of tillers per linear meter 
recorded no significant difference for either the added 
nitrogen or potassium among the treatments, with a mean 
of 161.25 m

-1
. 

During the second agricultural year a significant difference 
was noted between the two evaluations in terms of the 
number of tillers, both revealing an isolated effect for the 
nitrogen dose applied. The first evaluation demonstrated 
that the nitrogen dose increased the variable, recording a 
34.43% rise in tiller development (Fig. 2B). In the second 
evaluation, this was adjusted to the quadratic regression 
model. The highest number of tillers (111.57 m

-1
) was 

confirmed when nitrogen was applied at a dose of 198.68 kg 
ha

-1
 (Fig 2C). According to Cai et al. (2014) the number of 

tillers could be reduced when the plant density was 
increased per linear meter. 

Recording the number of tillers can facilitate the 
identification of the number of spikes that plant generates, 
as they can survive and produce grains (Hucl and Baker, 
1991). According to Cai et al. (2014) the requirement for 
high wheat output was influenced by population growth and 
development, mainly in terms of the increase in the tiller 
yield per unit area. The addition of potassium was observed 
to regulate the nitrogen metabolism, which can increase its 
absorption by the plant (Zahoor et al., 2017). 
 
Number of leaves 
 
An isolated effect was observed for the number of leaves in 
response to the applied potassium doses in the first 
evaluation of the first agricultural year. Potassium exerted a 
linear effect revealing a 12.81% increase (y = 312.27 + 
0.2294 * x; R² = 0.4073). In the second evaluation on 52 
(DAE), the number of leaves had a mean of 335.21 leaves 
per linear meter, but showed no statistical difference 

During the second agricultural year (2015), the number of 
leaves exhibited an isolated effect in response to the 
nitrogen doses, for both the evaluations (37 and 52 DAE). 
The number of leaves in the first evaluation was adjusted for 
the nitrogen doses to the linear regression model, in which 
the leaf development reportedly escalated by 12.82% (y = 
284.77 + 0.1495 * x, R² = 0.5672). In the second evaluation, 
the data were adjusted to the quadratic regression model 
(Fig. 3), in response to the nitrogen dose of 187.08 kg ha

-1
, 

which induced the production of the most number of leaves 
(293.35) per linear meter. 

Pietro-Souza et al. (2013) assessed the wheat plant 
development (BRS Guamirim cv.) in the Oxisol and 
confirmed  a  spurt  in  the  number  of leaves, in response to  
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Table 1. Chemical characterization of the 0-0.2 m Oxisol layer collected from the experimental area prior to the commencement of 
the experiment. 

pH Ca Mg Al CTC O.M P K Zn Cu Fe Mn B S V 

CaCl2 -------Cmolc dm
-3

------ g kg
-1

 ---------------------mg dm
-3

---------------------- % 
4.0 0.35 0.1 1.3 7.6 18.7 3.4 52 0.5 0.85 122.5 19 0.13 6 8.3 

Calcium Chloride (CaCl2), Phosphorus (P), Potassium (K), Calcium (Ca), Magnesium (Mg), Hydrogen (H), Aluminum (Al), Sum of Bases (SB), Cation Exchange Capacity (CEC), 
Base Saturation (V) and Organic Matter (O.M). 

 

 
Fig 1. Plant height in the second year (2015) during the first evaluation (37 days after plant emergence) in response to the nitrogen 
(A) and potassium (B) doses. Plant height in the second year (2015) during the second evaluation (52 days after plant emergence) in 
response to the nitrogen doses (C). Significant at *** p < 0.001, ** p < 0.01 and * p < 0.05.  
 
 

 
Fig 2. The number of tillers in the first evaluation of the first cultivation year, in response to the potassium (A) and nitrogen (B) 
doses. The number of tillers in the second evaluation of the first cultivation, in response to the nitrogen doses (C). Significant at ** 
p < 0.01 and * p < 0.05.  
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Fig 3. Number of leaves in response to the nitrogen doses in the first evaluation of the agricultural year 2015. Significant at ** p < 
0.01 and * p < 0.05. 
 
 

 
 
Fig 4. Plant lodging at 52 DAE, in response to the nitrogen doses, during the first agricultural year (2014). * Significant at p < 0.05. 
 
 

 
  
Fig 5. Chlorophyll index (SPAD), in the first evaluation of the first agricultural year (2014), in response to the potassium doses (A). 
The SPAD index, in the second evaluation of the second agricultural year (2015), in response to the nitrogen doses (B). Significant at 
*** p < 0.001, ** p < 0.01 and * p < 0.05.  
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the increase in nitrogen dosing. Allwood et al. (2015) 
confirmed that nitrogen and carbon assimilation was crucial 
in foliar metabolism, when they observed that the 
metabolite levels in the presence and absence of nitrate 
exerted an additional impact during the wheat leaf 
development. 
 
Plant lodging 
 
Considering the wheat plant, lodging was a significant effect 
evident only in the first agricultural year (2014). In the 
second agricultural year (2015), the mean plant lodging was 
3.7%. The lodging results from the first agricultural year 
indicated an isolated effect in the lodging in response to 
nitrogen alone with an adjustment to the quadratic model of 
regression (Fig. 4) at the 146.12 kg ha

-1
 nitrogen dose. The 

highest lodging value (23.25%) of the wheat plants was 
recorded at 52 DAE. 

Lodging may increase the vulnerability of the wheat plants 
to pests and diseases (Berry et al., 2004; Pinthus, 1974), 
whereas the excess nitrogen fertilization can induce lodging 
(Subedi et al., 2007), thereby minimizing their development. 
The enhanced grain yield was found to be linked to the 
lodging resistance (Foulkes et al., 2011). 

Plant lodging occurs due to root fixation failing to occur in 
the soil, as well as to stem spanning (Berry et al., 2004). The 
current study reported stem span as the sole confirmed 
reason. 

The lignin concentrated in the second internode of the 
wheat plant was related to its resistance to lodging, as well 
as to the increased nitrogen level in the plant (Peng et al., 
2014). 
 
Chlorophyll index 
 
During the first evaluation of the first agricultural year 
(2014), the chlorophyll index (SPAD) revealed an isolated 
effect in response to the nitrogen doses, and for the 
potassium doses in the second evaluation, showing 
adjustment to the linear and quadratic regression models, 
respectively. The nitrogen induced a 4.05% increase in the 
chlorophyll index (y = 43.529 + 0.0066 *x, R² = 0.5531). At 
the highest nitrogen dose (280 kg ha

-1
) the chlorophyll index 

was 45.5 and in the absence of nitrogen fertilization (0 kg ha
-

1
) the chlorophyll index dropped to 43.24. 

The 147.91 kg ha
-1

 potassium dose induced the highest 
chlorophyll index (42.74) (Fig. 5A). Above this dose, the 
value of the chlorophyll index was declined, possibly 
because of the potassium was mobilized from the vegetative 
parts to the grains from the time of evaluation which was 
the commencement of the peeling period. Viana and Kiehl 
(2010) reported that the chlorophyll index increased after 
addition of nitrogen and potassium. Teixeira Filho et al. 
(2010) assessed the chlorophyll concentration in wheat 
plants and also confirmed that the nitrogen doses influenced 
the leaf chlorophyll index, in which the maximum valued 
achieved was 46 corresponding to the applied nitrogen dose 
of 147 kg ha

-1
. The leaf nitrogen content was found directly 

linked to the chlorophyll index (Schlichting et al., 2015) and 
varied with each phenological stage (Lailibert et al., 2007). 
Thus, rapid and non-destructive monitoring for diagnosis of 
nutritional status facilitates the nutrient management 
strategy (Feng et al., 2015). 

Materials and Methods 
 
Location and experimental design 
 
The experiment extended over two successive years, (2014 
and 2015), from March to August of each year, in the city of 
Rondonópolis, State of Mato Grosso – Brazil (16º 27’54.98” 
E, 54º 34’41.75” N), at altitude of 287 m. During the first and 
second crop years, the mean recorded temperatures were 
33 and 30 

o
C, respectively 

The BRS 254 wheat cultivar experienced a medium cycle 
(56 days from emergence to peaking and 120 days from 
emergence to maturation), with a primarily erect flag leaf at 
the breeding time with natural resistance to threshing, 
moderate lodging resistance and having hard grains. This 
cultivar is strongly recommended for cultivation in the low 
altitudes in the Cerrado region (Albrecht et al., 2008). The 
experimental cultivation area was characterized by Oxisol 
(Table 1) during the first and second agricultural years. Prior 
to beginning of experiment the soil was limed, facilitating its 
ability to react for 63 days, inducing a rise of up to 60% in 
saturation using bases. 

Employing the completely randomized block design for the 
experiment, with a 5x5 factorial scheme, including five 
nitrogen doses (0, 70, 140, 210, 280 kg ha

-1
) and five 

potassium doses (0, 50, 100, 150 and 200 kg ha
-1

), a total of 
25 treatments with four replications were carried out on 100 
experimental plots at all. 

Each experimental plot included 9 rows, each 6.0 m long 
with 0.20 m spacing and 350 m

-2
 seed density. The useful 

area of each experimental plot included seven central lines, 
with 0.75 m scattering at the ends, over a total floor area of 
6.3 m

2
. The conventional spray irrigation method was 

employed and managed, complying with the climatic 
demands observed at the Meteorological Station, as well as 
through the evapotranspiration values of the culture, 
determined using the Penman-Motith model (Allen et al., 
1998). During the experimental period, water depths of 
498.15 and 448.33 mm were employed (precipitation + 
irrigation), respectively, in 2014 and 2015. 

For both the agricultural years (2014 and 2015), the 
nitrogen doses (urea) were provided in two applications. The 
first was found related to 30% of the dose of each treatment 
at the sowing time of the wheat, while the second 
corresponded to 70% of the dose of each treatment applied 
to the cover when the tillering stage began (14 days after 
the wheat emergence). Potassium fertilization (potassium 
chloride) was done at the time of sowing for both the 
agricultural years. Similar to phosphorus fertilization (single 
superphosphate) the addition of 200 kg ha

-1
 and 

micronutrients, 30 kg ha
-1

 included (FTE - 9%, Zn - 1.8%, B - 
0.8%, Cu - 2%, Mn - 3.5%, and Fe - 0.1% Mo). Potassium, 
phosphate and micronutrient fertilization were applied to 
the soil, in the 2- to 3-cm layer just below the wheat seed 
during planting.  
 
Experimental evaluations 
 
Recordings were taken at two stages, one at 37 days post 
plant emergence (DAE), during the stages of flag leaf 
elongation and emission, and the other at 52 DAE, which 
was the grain-filling phase, in both the agricultural years. 
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Plant height, number of leaves and tillers and chlorophyll 
content index were estimated. 

For the first evaluation, plant height was measured from 
the soil surface right up to the curve of the highest fully 
expanded leaf. In the second, it was determined up to the 
tallest spike tip, barring the edges, in five randomly selected 
plants in the productive region of each experimental unit. 
At three random points (each 0.3 m linear), the number of 
leaves and tillers were counted in the productive part of 
each plot. Lodging was determined on a 0 to 4 scale in the 
experimental plots, as given: 0 = no lodging; 1 = up to 25% of 
the bedded plants; 2 = up to 50% of the bedded plants; 3 = 
up to 75% of the bedded plants; 4 = the total number of 
bedded plants. 

Utilizing a chlorophyll meter, the chlorophyll index was 
measured and the SPAD value "Soil Plant Analysis 
Development" was determined. Adopting the methods of 
Matsunaka et al. (1997), these readings were noted on 
diagnostic sheets (+1 and +2) from 10 randomly selected 
plants in the mid-third of the first leaf blade immediately 
below the flag leaf, in the productive part of each 
experimental plot. 
 
Statistical analysis 
 
The analysis was done to identify the interaction between 
the nitrogen and potassium doses via polynomial regression 
(response surface). When no significant interactions were 
noted then first- and second-degree regressions were 
performed using the Statistical Analysis System (SAS). Levels 
up to p ≤ 0.05 were considered significant for all the 
statistical tests. 
 
Conclusion 
 
The influence of nitrogen and potassium doses on the 
irrigated BRS 254 wheat cultivated under tropical climatic 
conditions in soils low in natural fertility was determined. 
During the first agricultural year, the application of 
potassium alone gave the best results for the variables in 
this study. On the other hand, the addition of nitrogen 
demonstrated the most obvious results during the second 
agricultural year. 
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