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ABSTRACT

The use of information derived from conventional digital images can represent a low cost and 
widely accessible alternative for estimating nitrogen nutrition in various agricultural crops. This 
study aimed to evaluate the feasibility of using smartphone based digital images in the visible (RGB) 
spectrum to assess nitrogen status in maize. The experiment was carried out using a randomized 
block design, with three replicates, in a 2 × 5 factorial scheme, consisting of the absence and presence 
of biostimulant and five nitrogen doses (0, 50, 100, 200 and 400 kg·ha-1 of N) applied as topdressing. 
Relative chlorophyll index measurements were performed using a chlorophyll meter and digital 
images were obtained using a smartphone at the V8, V10 and R1 phenological stages. At the V10 
and R1 phenological stages, leaf samples were collected to determine leaf nitrogen content using 
the semi-micro Kjeldahl method. Application of the biostimulant did not influence the SPAD index 
orle af nitrogen content of the different maize hybrids. There was a positive linear correlation 
between the SPAD index and leaf nitrogen content in maize at theV10 and R1 phenological stages, 
with values of 52.42 and 55.15, respectively. Twelve of the 17 spectral parameters evaluated were 
effective in assessing the nutritional status of maize plants at the V8, V10 and R1 stages, particularly 
the R band. Smartphone based image analysisis a valuable tool that enables rapid, non invasive, 
and non destructive estimation of nitrogen in maize crops directly in the field at low cost, there 
by promoting smarter and more sustainable agriculture. Accordingly, the development of a mobile 
application based on the obtained findings could significantly increase accessibility and usability 
for stakeholders.
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INTRODUCTION

Maize is one of the main agricultural 
commodities in the world, with Brazil being the 
third largest producer of this crop. The 2023/2024 
harvest recorded 115.7 million tons overran 
area of 21 million hectares (CONAB, 2024), high 
lighting the relevance of the crop in the Brazilian 
trade balance and its contribution to meeting 
global food demand (USDA, 2024). However, 
maize yield in Brazil is considered low when 
compared to countries such as the United States 
and China, the world’s largest producers. The 
low efficiency in the use of fertilizers, especially 
nitrogen fertilizers, may be associated with low 
yield (Frazao et al., 2014).

Nitrogen (N) is the element extracted in 
greatest quantity by the maize crop and its supply 
is essential to obtain high yields (Vergutz et al., 
2017). This is because N plays important roles 
in biochemical processes and is a component of 
chlorophylls, secondary metabolites, proteins, 
and other enzymes (Elazab et al., 2016; Gabriel et 
al., 2017), in addition to being vital for stem and 
leaf grow thas well as fruit development (Li et al., 
2020). However, N fertilization recommendations 
are only approximations of the crop’sactual needs 
and yield, since soil N dynamics in the soil are 
complex, governed by numerous chemical and 
biological reactions that regulate its availability, 
and are strongly influenced by edaphoclimatic 
conditions (Sainju et al., 2017).

In order to identify the optimal N rate, and 
given that excess N reduces agronomic efficiency, 
increases production costs, and affects crop 
productivity, various management strategies 
have been used to estimate plant nutritional 
status. The main methods include laboratory 
analysis of foliar N content and the use of 
portable sensors. Among the sensors, the SPAD 
(Soil Plant Analysis Development) chlorophyll 
meter, which determines the green intensity of 
the leaves (Fontes, 2016), and the Dualex (dual 
excitation), a portable device that combines light 
fluorescence and transmittance to determine N 
leaf concentration (Tremblay et al., 2009), stand 
out.

In addition, visible light sensors, such as 
digital cameras and image analysis software, 
have been used to quantify leaf greenness as 
an indirect measure of crop N status, with 
digital images recording information such as 
the amounts of red, green, and blue (RGB) light 
(Bestas et al., 2025; Shi et al., 2021; Rigon et al., 
2016). Another method that can be used is remote 
sensing, which allows evaluating the color of the 
leaves by means of sensors capable of quantifying 
the electromagnetic radiation reflected by them, 

using as a parameter the spectral bands of the 
electromagnetic spectrum, which are the ranges 
of wavelengths of electromagnetic radiation 
recorded by the remote sensors (Formaggio et 
al., 2017). Some of these spectral bands are visible 
through the red, green and blue colors, while others 
can be converted into visible images. Analysis of 
certain spectral bands enables the identification 
of target characteristics, such as vegetation 
type or condition, as plants absorb, reflect, and 
transmit electromagnetic radiation in different 
proportions according to their biochemical and 
physical properties, allowing the establishment 
of color parameters that characterize vegetation 
(Chen et al., 2024; Xin et al., 2024; Devechio et al., 
2023; Formaggio et al., 2017). One of the main 
advantages of this technology is that it allows for 
surveying large areas in a non invasive and non 
destructive manner (Lassalle, 2021).

In this context, Wu et al. (2014) found that 
the analysis of digital images can identify and 
associate one or more nutrient deficiencies in 
maize hybrids, allowing determination of the 
optimal timing and type of nutrient application. 
Romualdo et al. (2014), in a study evaluating 
methods for extracting characteristics from digital 
color images to identify N deficiency in maize 
hybrids, found high success rates of the methods 
used, with  correct detection rates of82.5% and 
96.5% at the V4 and R1 stages, respectively.

According to Shi et al. (2021), information 
derived from conventional digital images may 
represent a low-cost and widely accessible 
alternative for estimating N nutrition. The 
present study evaluated the feasibility of using 
smartphone based digital images in the visible 
(RGB) spectrum to assess N status in maize, 
aiming to advance agricultural technologies that 
promote sustainability and competitiveness of 
the sector through the integration of technologies 
that reduce input dependence and  production 
costs, and improve crop production efficiency.

MATERIALS AND METHODS

Experimental area characterization
The experiment was conducted under field 

conditions from February to April 2022 at the 
experimental area of the Federal Institute of 
Education, Science and Technology of Rondônia, 
Colorado do Oeste Campus, in the municipality 
of Colorado do Oeste, RO, Brazil(13º 06’ S and 
60º 29’ W), at an average altitude of 407 meters 
(Fig. 1).The climate of the region is Aw (tropical 
climate with dry winter) according to the Köppen-
Geiger classification (Beck et al., 2018), while the 
soil is classified as Argissolo Vermelho-Amarelo 
Eutrófico (PVAe), corresponding to Ultisol in the 
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Soil Taxonomy classification (Santos et al., 2018).
Average temperature (25.6°C) and rainfall 

(616mm) data during the experiment were 
obtained from the FieldClimate database 
(FieldClimate, 2022). Data on the chemical 
characterization of the soil at0-20 cm and 20-40 
cm depths, from samples collected prior to the 
experiment, are presented in Table 1.

Experimental design
The experimental design was randomized 

blocks, with three replicates, in a 2 × 5 factorial 
scheme, consisting of the absence and presence of 
biostimulant and five N rates (0, 50, 100, 200 and 
400 kg·ha-1N) applied as top-dressing (Banzato 
and Kronka, 2006). Seeds of the single hybrids 
SYN7G17 TLTG Viptera and DKB 390 PRO3, 
from the brands Syngenta and Dekalb, were used 
for planting.

Soil preparation and planting
Planting and fertilization furrows were 

mechanically opened at depths between 4 and 
7 cm, according to the determined spacing. 
The single hybrids SYN7G17 TLTG Viptera 
and DKB 390 PRO3 were sown on previously 
desiccated Crotalaria juncea straw using a seeder-
fertilizer machine, with 0.50 m row spacing, 
targeting a population of 65,000 plants ha-1. Each 
experimental unit measured 3 m x 6 m, with a 
usable area of 8m2, excluding the two outer rows 
and 1m from each end.

At the time of sowing, basal fertilization 
was applied at 500 kg·ha-1 of fertilizer (04-30-10 
(N-P2O5-K2O), supplying 20 kg·ha-1 N, 150 kg·ha-1 

P2O5 and 50 kg·ha-1 K2O. An additional 150 kg·ha-1 

K2O was applied as top-dressing across the plot 
in two equal split applications at the V2 and V4 
phenological stages.

The biostimulant used was Bioenergy®, 
registered as a foliar fertilizer obtained from 
seaweed (Ascophyllum nodosum L.) extract and 
added with glycine, applied at a rate of 250 
mL·ha-1 at the V5 and V11phenological stages. 
The top-dressing N rates(0, 50, 100, 200 and 400 
kg·ha-1N) were applied in the form of urea (45%), 
in two equal splits at the V4 and V6 phenological 
stages across the entire experimental plot. Crop 
development was monitored using the scale 
proposed by Ritchie et al. (1993). Pest, disease, 
and weed management was carried out following 
standard recommendations for maize cultivation.

Determination of chlorophyll index and 
nitrogen content

Relative chlorophyll index (RCI) measurements 
were obtained using the Minolta SPAD-502 
chlorophyll meter, and performed at theV8, V10 
and R1phenological stages, in five plants per 
experimental unit, with four readings per plant 
in the two newly expanded leaves. Readings were 
taken at two thirds of the distance from the tip of 
the leaf blade to the stem, on opposite sides of the 
midrib and equidistant between the midrib and 
the leaf margin. The RCI of the experimental unit 
was calculated as the average value of twenty 
readings, according to Argenta et al. (2004).
At the V10 and R1phenological stages, five 

plants per experimental unit were sampled, with 
collection of the last fully expanded leaf (V10) 

deficiency in maize hybrids, found high success rates of the methods used, with  correct 

detection rates of82.5% and 96.5% at the V4 and R1 stages, respectively. 

According to Shi et al. (2021), information derived from conventional digital images 

may represent a low-cost and widely accessible alternative for estimating N nutrition. The 

present study evaluated the feasibility of using smartphone based digital images in the visible 

(RGB) spectrum to assess N status in maize, aiming to advance agricultural technologies 

that promote sustainability and competitiveness of the sector through the integration of 

technologies that reduce input dependence and  production costs, and improve crop 

production efficiency. 

 

MATERIALS AND METHODS 

 

Experimental area characterization 

The experiment was conducted under field conditions from February to April 2022 

at the experimental area of the Federal Institute of Education, Science and Technology of 

Rondônia, Colorado do Oeste Campus, in the municipality of Colorado do Oeste, RO, 

Brazil(13º 06' S and 60º 29' W), at an average altitude of 407 meters (Fig. 1).The climate of 

the region is Aw (tropical climate with dry winter) according to the Köppen-Geiger 

classification (Beck et al., 2018), while the soil is classified as Argissolo Vermelho-Amarelo 

Eutrófico (PVAe), corresponding to Ultisol in the Soil Taxonomy classification (Santos et 

al., 2018). 

 

 
Fig. 1. Experimental location. Source: authors’ own elaboration (2025). 

 

Fig. 1. Experimental location. Source: authors’ own elaboration (2025).



Chilean J. Agric. Anim. Sci., ex Agro-Ciencia (2025) 41(3):510 507-522.         

and the leaf opposite to and below the ear (R1). 
The sampled leaves were cleaned, cut, properly 
identified, packed in paper bags and dried in a 
forced air circulation oven at a temperature of 65 
ºC until reaching constant mass. Subsequently, 
the dried material was weighed on a semi-
analytical scale, ground in a Wiley-type mill 
and sent for laboratory analysis to determine N 
content by the semi-micro-Kjeldahl method, as 
described by Malavolta et al. (1997).

Determination of spectral parameters
At the V8, V10 and R1phenological stages, 

digital images of the last fully expanded leaf of 
four plants per experimental unit were collected 
using a smartphone with a 48megapixel camera, 
Samsung brand and Galaxy A32 model, and a 
flashlight with a light source of 1 LED of 3 watts 
and 130 lumens, Original brand. 
The flashlight was positioned in the abaxial 

part of the maize leaf, and the smartphone camera 
was positioned in the adaxial part, adjacent to 
the leaf, to ensure that only spectral information 
(RGB) of the leaf was collected in the images. 
Subsequently, the RGB spectral values were 
decomposed using the Microsoft Paint program, 
with radiometric resolution of 8 bits per band, 
selecting 3 points of each sample with the ‘color 
selector’ tool, to later calculate the averages of 
each treatment (Fig. 2).

Statistical analysis 
The data were subjected to joint analysis of 

variance for each variable, enabling comparison 
of two experiments when the ratio of residual 
mean squares between them was less than 7. 
Regression analysis was performed to evaluate 
the effect of the quantitative factor, N rate, on the 
variables analyzed. The regression models were 
chosen based on the significance of the regression 
coefficients, using the “t” test and coefficient of 
determination (R2 = SS Regression/SS Treatment). 
Statistical analyses were carried out using the 

statistical program Sisvar (Ferreira, 2019). 
For image analysis, 17 parameters were used, as 

defined by Barman et al. (2022). These parameters 
consist of band combination forming indices 
based on the visible region of the electromagnetic 
spectrum, namely: R, G, B, (R-B)/(R+B), R + G + B, 
(G + B)/R, G/R, (R + G + B)/R, (G-R)/(G + R), (G-R), 
(G+R), G/(R + G + B), R/(R + G + B), B/(R + G + B), 
(R-B), (G-B)/(R + G + B) and (R+B). Each parameter 
was calculated based on the average values of R, 
G and B of each treatment and analyzed using the 
Sisvar statistical software (Ferreira, 2019).

RESULTS AND DISCUSSION

Application of the biostimulant based on 
Ascophyllum nodosum algae extract did not 
influence the SPAD index or leaf N content of 
maize hybrids (Table 2). N contents accumulated 
in the leaf and the SPAD index were higher 
according to the phenological development of 
maize plants, showing a positive linear correlation 
at the V10 and R1 stages (Table 3 and Fig. 3).
The spectral parameters R, R-B and (R+B) 

decreased with the progress of the phenological 
stages of maize plants; on the other hand, the 
spectral parameters G, B, R+G+B, (G+B)/R, G/R, 
(R+G+B)/R, (G-R) and (G+R) showed a decrease 
in values at V10 with a subsequent increase 
at R1,while the opposite was observed forthe 
parameter (R-B)/(R+B). For the other spectral 
parameters, values remained constant at the V8 
and V10 stages, with only a slight variation at R1 
(Table 3).

Decomposition of the double interaction 
between maize hybrids and biostimulant 
application showed no significant difference 
(p<0.05) for the SPAD index at the different 
phenological stages. However, the SPAD 
index values gradually increased with plant 
phenological stage, reaching their highest levels at 
R1, the onset of flowering (Table 2). Gonzaga et al. 
(2023) and Souza-Netta et al.(2022) also reported 

Table 1. Soil chemical characteristics prior to the experiment.

 Layer          pH             pH             OM	     P               K	   Na	  Ca	 Mg       Al      H+Al
(cm)	 H2O          CaCl2	 g/kg        mg/dm3	                                     cmolc/dm3

0-20 	 5.84	 5.04	 23.37	 11.92	 198.45	 5.56	 4.21	 1.58	 0	 4.81
20-40 	 5.87	 4.98	 14.95	 3.74	 97.32	 5.56	 4.05	 0.77	 0	 3.75
Layer	 Cu	  Fe	  Mn	    Zn	    SB	 CEC      V (%) 			 
(cm)           mg/dm3	                                                                                                   cmolc/dm3	 		
0-20 	 4.34	 26.3	 83.5	 8.35	 6.32	 11.13	 56.77			 
20-40 	 4.88	 12.89	 81	 3.77	 5.09	 8.83	 57.56			 
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no positive effect of Stimullum®biostimulant 
applicationon chlorophyll a and contents in 
the maize cultivar AS 1820 Agroceres. Several 
studies report similar, comparable, or divergent 
results regarding the use of biostimulants based 
on seaweed extract, fungi, or bacteria, often 
combined with hormones, L-amino acids and/or 
mineral formulations in economically-important 
grain crops such as maize, beans, soybeans, and 
sorghum (Ferreira et al., 2018; Francischini et al., 
2018; Tejada et al., 2018).

Leaf N content was higher and showed good 
performance as nutritional index up to the V10 

phenological stage, decreasing as the plant 
matured (Table 3). However, its determination 
required laboratory analysis, which prevents 
correcting N deficiency within the same growing 
season, making it useful only as an indication for 
supplementation in subsequent crops (Argenta et 
al., 2002).

The SPAD index increased with maize 
phenological stage, reaching its highest values at 
V10 and R1 (Table 3), constituting a strategic tool 
for assessing plant N status. Argenta et al. (2001) 
suggest that adequate N levels in maize plants 
are indicated by SPAD values of 45.4, 52.1, 55.3 
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Fig. 2. Demonstration of leaf color image acquisition using a smartphone and flashlight.  
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Table 2. 	Decomposition of the interaction between maize hybrids and the application of Ascophy-
llum nodosum based biostimulant on SPAD index across different phenological stages.

	                                                    Hybrids			                       
Biostimulants	                     DKB 390        SYN7G17       Means         CV%
Without	 V8	 49.12	 48.36	 48.74a	 4.01
With		  49.31	 47.47	 48.89a	
Means	 	 49.21A	 47.92A	 48.57	
Without	 V10	 53.18	 51.68	 52.46a	 3.79
With		  52.68	 52.24	 52.40a	
Means	 	 52.93A	 51.93A	 52.43	
Without	 R1	 57.06	 53.66	 55.36a	 3.70
With		  56.34	 53.58	 54.96a	
Means	 	 56.70A	 53.62A	 55.16	

Means followed by the same letter, lowercase in the column and uppercase in the 
row, do not differ significantly by Tukey test at the 5% probability level. V8: eight 
fully developed leaves; V10: tenth fully developed leaf; R1: full flowering. 
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and 58.0at the stages of three to four leaves, six to 
seven leaves, ten to eleven fully expanded leaves 
and silking, respectively. According to Rocha et 
al. (2005), SPAD index measurement is a low-
cost, practical tool for early diagnosis of N status, 
enabling timely decision-making on topdressing 
N fertilizer applications without compromising 
yield, as the period of greatest N demand for 
maize occurs between flowering onset and the 
beginning of grain formation.
The spectral parameters R, R-B and (R+B) 

showed a reduction with the progress of the 
phenological stages of the maize plant, while the 
spectral parameters G, B, R+G+B, (G+B)/R, G/R, 
(R+G+B)/R, (G-R) and (G+R) showed a decrease 
in values at V10 with a subsequent increase at R1, 
and the opposite was observed in the parameter 
(R-B)/(R+B). For the other spectral parameters, 
the values remained constant at the V8 and V10 
stages, with variation at R1 (Table 3).

The correlation between SPAD index and leaf 
N content is well established in the literature and 
was confirmed in the present study, showing 
positive linear correlation at the V10 and R1 
phenological stages (Fig. 3). This indicates that 
as leaf N content increases, chlorophyll content 
rises proportionally, suggesting that SPAD 
measurements can effectively replace leaf N 

content analysis for the diagnosis of plant N 
status. Argenta et al. (2001) demonstrated that 
relative chlorophyll content measured with a 
portable SPAD meters a reliable indicator of 
N level in cereals. Similarly, Shivashankar et 
al. (2025) reported a significant positive linear 
relationship between SPAD-derived nutritional 
status and maize grain yield.
When analyzing the correlation coefficients 

of N content and SPAD index with the spectral 
parameters of maize leaves collected by 
smartphone based digital images, the R band 
(red) appeared to be the most effective for 
evaluating the nutritional status of maize plants 
at the V8, V10 and R1 stages (Table 4). Similarly, 
other parameters calculated based on the values 
of R, G and B seem promising, namely: (R-B)/
(R+B), (G+B)/R, G/R, (R+G+B)/R, (G-R)/(G+R), (G-
R), G/(R+G+B), R/(R+G+B), (R-B), (G-B)/(R+G+B) 
and (R+B), as shown in Figs. 5, 6, 7 and 8. In 
line with the results found, Barman et al. (2022) 
evaluated the digital chlorophyll measurement 
method based on smartphone acquired images 
to estimate the chlorophyll value of citrus leaves 
at different stages of maturation. The authors 
found that the color parameters R and (R+B) were 
highly correlated and (G+R) showed moderate 
correlation with chlorophyll in immature leaves; 

Table 3. 	Mean and standard deviation of the parameters collected from maize leaves at different 
phenological stages.

	                                                                                Phenological stages of maize
Parameter	                          V8	                                   V10	                                 R1
N	 _	 35.70 +/- 5.33	 31.11 +/- 4.07 
SPAD	 48.56 +/- 4.48	 52.42 +/- 3.93 	 55.15 +/- 4.022
R	 68.20 +/- 8.68	 64.82 +/- 7.31	 63.09 +/- 7.57
G	 198.45 +/- 8.12	 185.46 +/- 6.44	 199.42 +/- 7.69
B	 14.26 +/- 1.65	 13.20 +/- 1.41	 14.10 +/- 2.45
(R-B)/(R+B)	 0.65 +/- 0.037	 0.66 +/- 0.032	 0.63 +/- 0.068
R+G+B	 280 +/- 12.12	 263.50 +/- 10.88	 276.62 +/- 10.43 
(G+B)/R	 3.16 +/- 0.42	 3.10 +/- 0.34	 3.43 +/- 0.47
G/R	 2.95 +/- 0.40	 2.89 +/- 0.33	 3.20 +/- 0.43
(R+G+B)/R	 4.16 +/- 0.42	 4.10 +/- 0.34	 4.43 +/- 0.47
(G-R)/(G+R)	 0.48 +/- 0.053	 0.48 +/- 0.044	 0.52 +/- 0.048 
(G-R)	 130 +/- 12.77	 120.64 +/- 9.47 	 136.32 +/- 11.44
(G+R)	 266.65 +/- 10.93	 250.29 +/- 10.01	 262.51 +/- 10.12
G/(R+G+B)	 0.70 +/- 0.025	 0.70 +/- 0.021	 0.72 +/- 0.022
R/(R+G+B)	 0.24 +/- 0.025	 0.24 +/- 0.021	 0.22 +/- 0.023
B/(R+G+B)	 0.050 +/- 0.0045	 0.050 +/- 0.0043	 0.051 +/- 0.009
R-B	 53.93 +/- 8.17	 51.61 +/- 6.83	 48.98 +/- 8.34
(G-B)/(R+G+B)	 0.65 +/- 0.026	 0.65 +/- 0.023	 0.67 +/- 0.024
(R+B)	 82.47 +/- 9.44	 78.03 +/- 8.026	 77.20 +/- 7.56
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(G+B)/R, G/R, (R+G+B)/R, (G-R)/(G+R), (G-R), G/
(R+G+B), R/(R+G+B), R-B and (R+B) showed a 
high correlation with the chlorophyll content in 
tender leaves; and B and B/(R+G+B) showed the 
strongest correlation in mature leaves. Likewise, 
Shi et al. (2021) studied the estimation of N 
nutrition in rice plants through RGB images and 
reported significant correlations between some 
image indices and nutritional parameters of rice. 
Several studies support the differential role of 
R and B bands in detecting N-related pigment 
changes (Bestas et al., 2025; Liu et al., 2021; Zhang 
et al., 2020).
N rates significantly influenced SPAD index 

and N content in maize leaves, with the results 
described by a quadratic model. The highest 
relative chlorophyll contents (SPAD readings) 
were detected at the R1 stage (Fig. 4). According 
to the models, the metabolic potential of 

chlorophyll production by the maize hybrids 
evaluated (maximum response point) as a 
function of N supply was reached with the N 
rates of 281, 275 and 313 kg·ha-1 at the V8, V10 
and R1 stages, respectively, while the N rates for 
the maximum accumulation of N in the leaves 
were 257 and 333 kg·ha-1 at the V10 and R1 
phenological stages, respectively. The presence 
of N in the soil is approximately proportional 
to the chlorophyll content in the leaf, and thus 
plants with higher N content showed greater 
growth and development and, consequently, 
higher leaf area index, which led to greater 
carbohydrate synthesis by photosynthesis. In 
addition, increased N also improves carbohydrate 
allocation to the root system, resulting in a larger 
root network and more efficient N uptake from 
both soil and fertilizer. Additionally, Chen et al. 
(2024) have reported that SPAD values of maize 

meters a reliable indicator of N level in cereals. Similarly, Shivashankar et al. (2025) 

reported a significant positive linear relationship between SPAD-derived nutritional status 

and maize grain yield. 

 

 
Fig. 3. Correlation between SPAD index and leaf nitrogen content in maize at theV10 

and R1 phenological stages. 
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canopies treated without N application (N0) 
were significantly lower than those subjected 
to N treatments across all four growth stages. 
Notably, differences in canopy SPAD values 
between different N application rates were more 
pronounced during vegetative stages (V6 and V9) 
and diminished during reproductive stages (R1 
and R2).

When associating maize nutritional status 
measurements to topdressing N rates, the 
parameters R, (R-B)/(R+B), (G+B)/R, G/R, 
(R+G+B)/R, (G-R)/(G+R), (G-R), G/(R+G+B), 
R/(R+G+B), (R-B), (G-B)/(R+G+B) and (R+B) 
effectively reflected N status from the V8 
phenological stage (Figs. 5, 6, 7 and 8). 
Additionally, the quadratic regression model 
showed acceptable accuracy and precision, with 
mean correlation coefficients (R²) exceeding 0.80, 
corroborating findings by Xin et al. (2024) and 
Jia et al. (2014). Furthermore, as plants matured, 
the R²values increased, indicating that spectral 
parameters provided more accurate assessment 
of N status at the R1 stage (full flowering).

Smartphone-based image analysis is a 
viable, high- potential technology for rapid, 
non-invasive, non-destructive, and low-cost 
assessment of N status in maize. It can be 

performed by anyone, requires no specific 
camera or controlled environment, and allows 
images to be collected over time, archived, and 
later compared to evaluate temporal changes 
in crops. The results of this study enable the 
advancement of research and the development of 
tools or applications for in-field image processing, 
promoting sector competitiveness and efficiency 
through technological integration for smarter, 
more sustainable agriculture. Future research 
should extend to other crops, building datasets 
from leaf images captured with different cameras, 
lighting conditions, and resolutions to evaluate 
the performance of N estimation algorithms.

CONCLUSIONS

Application of a biostimulant based on 
Ascophyllum nodosum algae extract did not 
influence the SPAD index or leaf nitrogen content 
of the different maize hybrids.

Appositive linear correlation was observed 
between the SPAD index and leaf nitrogen content 
in maize at theV10 and R1 phenological stages, 
with values of 52.42 and 55.15, respectively.
The spectral parameters R, (R-B)/(R+B), 

(G+B)/R, G/R, (R+G+B)/R, (G-R)/(G+R), (G-R), 

Table 4. 	Pearson’s linear correlation coefficient between the nutritional and spectral parameters of 
maize leaf.

	                                                                Phenological stages of maize
	                             V8	                   V10	                                       R1
Parameter	           SPAD	    SPAD	                   N	          SPAD	     N
R	 -0.325*	 -0.5778**	 -0.6354**	 -0.560**	 -0.450**
G	 0.720**	 0.4300**	 0.1189ns	 0.471**	 0.279*
B	 0.236ns	 -0.1114ns	 -0.2160ns	 0.286 *	 0.213ns

(R-B)/(R+B)	 -0.500**	 -0.4361**	 -0.4067**	 -0.504**	 -0.397**
R+G+B	 0.282*	 -0.1483ns	 -0.3849**	 0.008ns	 -0.071ns

(G+B)/R	 0.500**	 0.6564**	 0.6373**	 0.637**	 0.497**
G/R	 0.491**	 0.6564**	 0.6386**	 0.634**	 0.493**
(R+G+B)/R	 0.500**	 0.6564**	 0.6373**	 0.637**	 0.497**
(G-R)/(G+R)	 0.516**	 0.6895**	 0.6525**	 0.659**	 0.502**
(G-R)	 0.679**	 0.7387**	 0.5715**	 0.688**	 0.486**
(G+R)	 0.277*	 -0.1453ns	 -0.3875**	 -0.061ns	 -0.124ns

G/(R+G+B)	 0.485**	 0.6798**	 0.6464**	 0.601**	 0.453**
R/(R+G+B)	 -0.525**	 -0.6888**	 -0.6513**	 -0.667**	 -0.508**
B/(R+G+B)	 0.171ns	 -0,0705ns	 -0.0851ns	 0.285*	 0.228ns

R-B	 -0.392**	 -0.5958**	 -0.6358**	 -0.593**	 -0.471**
(G-B)/(R+G+B)	 0.434**	 0.6484**	 0.6199**	 0.443**	 0.329**
(R+B)	 -0.257*	 -0.5464**	 -0.6174**	 -0.468**	 -0.381**

ns not significant at the 5% probability level;*significant at the 5% probability level;and ** significant 
at the 1% probability level. 
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Fig. 4. Effect of nitrogen fertilization on SPAD index and leaf nitrogen content in 

maize at the V8, V10 and R1phenologicalstages. 
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Fig. 4. 	Effect of nitrogen fertilization on SPAD index and leaf nitrogen content in maize at the V8, 
V10 and R1phenologicalstages.

G/(R+G+B), R/(R+G+B), (R-B), (G-B)/(R+G+B) 
and (R+B) of the digital image are effective for 
assessing the nutritional status of maize plants 
at the V8, V10 and R1 stages, besides having 
the potential to estimate nitrogen status in other 
crops.

Smartphone-based image analysis is a 
technology that facilitates rapid, non-invasive, 
non-destructive, and low-cost nitrogen estimation 
in maize, directly in the field, promoting smarter 
and more sustainable agriculture. Converting 
this research into a mobile application could 
significantly increase accessibility and usability 
for stakeholders, thereby supporting the 
practical implementation of the findings and 
recommendations of the present study.
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