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Abstract 

Jambu is considered a leafy vegetable with expressive relevance in the regions that compose 

the Brazilian Amazon. However, there are challenges regarding its cultivation, particularly 

for the nutritional management, since there is little technical information that allows an 

increase in the efficiency of its production. In this sense, nitrogen (N) gains prominence, 

since it is related to the increased yield and quality of leafy vegetables, therefore its 

monitoring of N content in plants is necessary. The objective of this study was to evaluate the 

efficiency of using the SPAD index to estimate the N content of jambu leaves, total 

chlorophyll concentration, as well as its relationship with dry mass accumulation due to the 

increase of nitrogen concentration in the nutrient solution. The design used was completely 

randomized with eight replications. The treatments were six nitrogen concentrations in the 

nutrient solution (11, 13, 15, 17, 19 and 21 mmol L-¹). After 21 days of transplantation, the 

SPAD index was measured. Then, these plants were collected to quantify the total chlorophyll, 

dry mass and nitrogen content. In general, the variables were explained by increasing linear 

models. There was a positive correlation between the SPAD index and the other 

characteristics evaluated. Based on the results, the best response at the concentration of 21 

mmol L-¹ in the nutrient solution stands out. In addition, the SPAD index has potential to be 

used in the diagnosis of nitrogen status in jambu leaves. 

Keywords: Acmella oleracea (L.), Leafy Vegetable, Nutrient Management, SPAD index, 

Nitrogen Status 

1. Introduction  

Belonging to Asteraceae family, the jambu (Acmella oleracea (L.) R.K Jansen) it is 

considered a leafy vegetables of significant importance at the regions that compose the 

Brazilian Amazon, mainly the Pará State, and is gaining importance in national and 

international scale due to your peculiar properties, as the momentary anesthesic sensation, 

due to the bioactive compound named spilanthol whose has been a target of many patents to 

the production of products for both the pharmaceutical and cosmetics industry (Gusmão & 

Gusmão, 2013).  
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Albeit, there are challenges in relation of jambu cultivation, once that the technical 

information about your management are scarce, mainly to nutritional aspect (Sampaio et al., 

2018). In this sense, the nitrogen (N) stands out, once that it possesses relation with the 

production increase and the quality of leafy vegetables (Filgueira, 2013). This is due to the 

nutrient be found in many organics compounds from the plants, as the amino acids and 

nucleic acids (DNA and RNA), being a core element at chlorophyll biosynthesis, which 

involves the photosynthesis directly. Therewithal, it’s participated of many physiologic 

processes of vegetable circle of life, as well as the elements absorption, cellular breathing, 

multiplication and differentiation (Taiz et al., 2017). 

Research with many cultures has been revealed that the increase on N availability in plants 

promote higher productivity and quality (Milhomens et al., 2015; Rós et al., 2016). Studies 

with jambu culture (Borges et al., 2013; Rodrigues et al., 2014; Souto et al., 2018) shown 

favourable response to nitrogen supplementation through soil, demonstrating high demand of 

N to production maintenance and quality. Although studies with jambu, linking the variation 

in N supply with the production of dry mass at the aerial and inflorescence part on systems 

more technics, as in hydroponics, which use nutritive solution instead of soil (Khan et al., 

2018), are inexistent. For this reason, independent of the production system, the monitoring 

of N contents become indispensable. However, the determination of N predominantly occurs 

by laboratory methods which, although accurate, are destructive, time-consuming and 

relatively costly (Lee et al., 2019).  

In this regard, the monitoring of N content in the plants through the SPAD index has 

been largely used in many cultures for being a cheap method, fast and 

non-invasive (Lee et al., 2019; Mendonza-Tafolla et al., 2019). The SPAD index indirectly 

quantifies the chlorophyll contents in leaves in 

loco (Milagres et al., 2019). Studies have demonstrated that SPAD units possess direct 

relation with N and chlorophyll contents in leaves of vegetables cultures, 

as potato (Coelho et al., 2012), the zucchini (Pôrto et al., 2011) and 

the lettuce (Mendonza-Tafolla et al., 2019). Thus, proving that the N content has been 

estimated by SPAD units in plants (Lee et al., 2019; Mendonza-Tafolla et al., 2019), it is 

proposed as a primary hypothesis that the SPAD index 

can be a value that evaluates the status of N in jambu leaves. Therefore, it was aimed to 

evaluate the efficiency of the SPAD index to estimate the N content in jambu leaves, the total 

chlorophyll contents, as well as its relation with the dry mass accumulation as a function of 

the increased N concentration in the nutritive solution. 

2. Materials and Methods 

2.1 Experimental Area 

The experiment was conducted at the green house, located at the Soil Science Area of the 

Agricultural Sciences Institute of Federal Rural University of Amazon, Belém campus. The 

region weather is classified as Afi according to Köppen classification (Alvares et al., 2013). 

During the execution of the experiment the temperature and humidity were determined daily 
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through hygrometer term installed in the green house. The averages markings obtained 

showed averages of 35.3 °C and 28.1 °C as maximum and minimum, respectively, the 

average humidity during the period was 77.1%. 

2.2 Seedling Production 

It was used the variety yellow flower of the jambu (A. oleracea) (Gusmão & Gusmão, 2013), 

which was obtained in the active germplasm database of the Federal Rural University of 

Amazon, Belém campus, in the horticulture sector of the Agrarian Sciences Institute (ASI). 

The seedlings were produced in polystyrene trays of 128 cells filled with coconut powder 

substrate, and then the seeds were sown at a density of six to eight seeds per cell. After the 

germination, the trays were transferred to benches, where they were watered with nutritive 

solution proposed by Hoagland & Arnon (1950) in 25% of ionic force every two days. With 

seven days after the germination it was made the thinning, leaving one plant per cell. 

With 21 days after the germination, it was made the transplantation to vases filled with sterile 

ground silica. After the transplantation, the jambu plants went through a seven-day period of 

acclimatization to the hydroponic system, receiving as source of water and nutrients, the 

solution of Hoagland & Arnon (1950), in half of ionic force. After this period, the plants were 

submitted to your respective treatments. The experimental units consisted in plastic vases 

with 2 L of capacity containing one seedling of jambu. 

2.3 Experimental Design and Nutritive Solutions 

The experimental design adopted was of completely randomized, composed of six 

concentrations of N in the nutritive solution (11, 13, 15, 17, 19 and 21 mmol L-1) with eight 

repetitions. It has been used the standard solution 2 of Hoagland & Arnon (1950) which 

contains 15 mmol L-1, where the compositions of each treatment presented in table 1. 

Table 1. Composition of nutritive solutions (ml L-1) used to prepare the treatments  

Stock Solution  

(1 M) 

Treatments (mmol L-1) 

11 13 15 17 19 21 

NH4H2PO4 1 1 1 1 1 1 

KNO3 2 4 6 6 6 6 

Ca(NO3)2 4 4 4 4 5 4 

MgSO4 2 2 2 2 2 2 

KCl 4 2 - - - - 

NaNO3 - - - - 2 4 

NH4NO3 - - - 1 1 1 

Micro¹ 1 1 1 1 1 1 

Fe-EDTA² 1 1 1 1 1 1 
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1Stock solution of Micronutrients: 2.86 g L-1 of H3BO3, 1.81 g L-1 of MnCl2. 4H2O, 0.22 g L-1 

of ZnSO4. 5H2O, 0.08 g L-1 of CuSO4.5H2O, and 0.02 g L-1 of H2MoO4.H2O. 

2Fe-EDTA: 21.6 g L-1 of EDTA, 286 ml L-1 of KOH 1M and 24.9 g L-1 FeSO4.7H2O.  

During the experiment, the nutritive solutions were oxygenated, through the drainage of the 

solution at the afternoons end and reposition at the beginning of morning, this procedure was 

made daily. The solutions were renewed weekly. The pH of the solutions was daily monitored 

through the use of a pocket PH-meter model GroLine – HI98118 from HANNA company and 

maintained in range of 5.5 to 6.5. When necessary, it was made the correction, by using a 

solution of NaOH 1N or with citric acid (C6H8O7) 1N. In addition, the evaporated water was 

daily replaced, by the use of distilled water.  

2.4 Evaluated Parameters 

2.4.1 SPAD Index Readings and Total Chlorophyll Content 

After 21 days of the transplantation, occasion that the plants were in the beginning of flowering 

phase, between 7 and 9 A.M, it was made the measurement of SPAD index, using the portable 

chlorophilometer 502 from Minolta company. The measurements were made in the second pair 

of leaves of the main stem from the apex, measuring 20 readings in long of the leaf, avoiding 

the central rib, and the average of the readings represented the repetition. Following, were 

collected and stored to total chlorophyll quantification. 

To the determination of total chlorophyll, it was performed the homogenization in the dark of 

0,1 of leaf tissue in in mortar with 5 ml of 80% acetone, the extract obtained in this process 

being filtered into 25 ml volumetric flasks, the volume of the flask being completed by the 

addition of 20 ml of 80% acetone. Right after, the pigments were quantified using a 

spectrophotometer (Femto, model 700 S), according to the methodology of Lichthenthaler 

(1987). The results were expressed on the basis of fresh matter mass (mg g-1 MF). 

2.4.2 Leaf Dry Mass 

To determine the dry mass accumulation of the leaves, the seedlings were removed from the 

pots and separated into aerial part and roots. Then, the leaves of the plants were washed with 

deionized water and dried with paper towels. From there they were placed in paper bags and 

then taken to the greenhouse at 65±5 ºC for about 72 hours, when the plants achieved constant 

weight. After that, the dry material weighed on a precision scale (0.001 g). 

2.4.3 Total N and N Accumulation 

The leaf samples were crushed in a Wiley type mill, passed through a 20 mesh sieve and stored 

in paper bags to determine the total nitrogen content according to Silva (2009). The 

accumulation of N was performed based on the product calculation of the dry mass of the 

sheets and the N content in the jambu sheets. 

2.5 Statistical Analysis 

The data were submitted to variance analysis by the F test at 5% of probability and, when it’s 
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significant, it was adjusted the regression models to N concentrations in the nutritive solution, 

being the model and your coefficients tested by the ‘t – student’ test. It was conducted the study 

of correlation between the SPAD index and others analyzed variables as well. The analysis 

were made through the statistical program SAS (SAS Institute, 2001). 

3. Results and Discussion 

The increase in N concentration in the nutrient solution influenced (p <0.05) the dry mass of 

the leaf, the N content and accumulation, the SPAD index and the total chlorophyll content. In 

addition, the responses to N concentration in the solution were adjusted to a positive linear 

model. 

3.1 Leaf Dry Mass 

The leaves dry mass increased linearly with the elevation of N concentration in the nutritive 

solution. The largest accumulation of dry mass was observed in the largest N concentration (21 

mmol L-1) (Figure 1). 

 

Figure 1. Leaf dry mass of jambu in function of the increase of the nitrogen concentration in 

nutritive solution ** significant in 1% of probability; * significant in 5% of probability 

through t test 

The N are related to various plant physiological process, acting in significant manner at the 

photosynthesis, respiration, ionic absorption and other process related to growing and 

development vegetal (Mahlangu et al., 2016; Marschner, 2012; Taiz et al., 2017). In general, 

vegetables have large necessity of N due to your short cycle, as demonstrated in lettuce 

studies, jambu same family specie (Mahlangu et al., 2016). 

Results from researches have revealed that the increase of N disponibility to plants promote 
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more accumulation of biomass (Milhomens et al., 2015; Rós et al., 2016). To jambu, Borges 

et al. (2013) and Rodrigues et al. (2014) observed significant answers at the production, in 

function of the increase of nitrogen fertilization in soil. In this context, the linear increase of 

biomass production suggests that the specie can still respond to higher concentrations of this 

nutrient in nutritive solution, which indicates high responsiveness from plant to element. 

3.2 Total N Content and N accumulation in Leave 

About the level and accumulation of N, it was verified that both adjusted to a linear positive 

model in function of N concentration increase in the nutritive solution. As the concentration 

of N was elevated in the nutritive solution, there was an increase in N levels in the jambu 

leaves, with the maximum level being (43.7 g kg-1) determined in concentration of 21 mmol 

L-1. To the N accumulation variable, as observed to leaf dry mass accumulation (Figure 1), it 

was noted an increase in the N accumulation rates as the N concentration in solution 

increased, observing the order variation from 99.1 to 211.6 mg plant-1 in relation to minor (11 

mmol L-1) to the larger dose of N (21 mmol L-1), respectively (Figure 2A and 2B). 

 

Figure 2. Content (A) and N accumulation (B) in jambu leaves in function of the increase of 

nitrogen concentration in the nutritive solution ** significant to 1% of probability; * 

significant to 5% of probability by t test 

It was verified, also, the concentrations below of 15 mmol L-1, the leaves have expressed 

generalized chlorosis, becoming yellowish green, first on the older leaves (Figure 3) and then 

on all the leaves of the plant.  
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Figure 3. Jambu leaf pigmentation levels taken of the second pair of leaves from the apex to 

basis of the main stem at the end of the vegetative phase 

This fact is due to N be a nutrient that possess high mobility in the plant phloem and, when in 

deficiency, is easily redistributed from the oldest leaves to the newest leaves, which are 

beginning their metabolic process (Marschner, 2012). It is also observed in the figure 3, a 

pigmentation gradient, as the concentration of N in the nutritive solution has increased, which 

indicates that in concentrations under 210 mg L-1 (15 mmol L-1) in the nutritive solution will 

occur N deficiency in the plants. Such hypothesis is not only sustained by symptom 

manifestation itself, as well as the differences in the levels and accumulation of N in the 

leaves (Figures 2A and 2B), as the dry mass accumulation (Figure 1), which obtained 

significant decrease in compare of 15 mmol L-1 concentrations. 

Similarly with the symptoms found on this work, Peçanha et al. (2019), working with 

omission of macro and micro nutrients in jambu plants in nutritive solution, observed 

generalized chlorosis in old leaves of that vegetable, in addition to significant reductions in 

the inflorescence numbers, leaves number, leaf area and root dry mass, presenting average 

levels of N in the leaves of 26.6 g kg-1, values close to those found in these study to 11 mmol 

L-1 (29 g kg-1) concentrations. 

The relation of nitrogen fertilization and the N accumulation in jambu plants was 

demonstrated for Borges et al. (2013), where it was observed increasing of N accumulation 

when it was elevated the doses of urea in soil. In vegetables, N supports the vegetative 

development, resulting in leaf area expansion, in addition of influence the productive 

potential (Filgueira, 2013). 
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3.3 SPAD Index and Total Chlorophyll 

Regarding the SPAD values, obtained in function of the total chlorophyll concentration in the 

jambu leaves (Figure 4A and 4B), similar to that observed for the other variables, it was 

verified that there was a linear increase with the elevation of N concentration in nutritive 

solution. 

 

Figure 4. SPAD index (A) and total chlorophyll content (B) of jambu plants as a function of 

increased nitrogen concentration in the nutrient solution. ** significant at 1% probability; * 

significant at 5% probability by t-test 

The SPAD index varied from 32 to 54 units. When comparing the lower concentration of N 

(11 mmol L-1) with the higher concentration (21 mmol L-1) it can be seen that the increase in 

N supply promoted an increase of approximately 69% in SPAD units (Figure 4A). Similarly, 

the total chlorophyll content varied with respect to the lower (11 mmol L-1) and the higher N 

dose (21 mmol L-1), and plants submitted to higher concentrations had higher total 

chlorophyll content (Figure 4B), a result that indicates the potential of the chlorophyll meter 

in determining the chlorophyll and total N contents in jambu leaves.  

The leaf is the organ in which a large amount of nitrogen compounds, such as proteins and 

pigments, are concentrated, like chlorophyll (Taiz et al., 2017). Thus, early diagnosis, in real 

time, provided by the SPAD values, is important, because it enables the decision on 

adjustments as the application of N both via soil and in the nutritive solution, reducing the 

probability of compromising production (Milagres et al., 2018). 

Moreover, the results for the adopted cultivation system suggest that values below 46 SPAD 

units indicate total chlorophyll and N levels below the ideal for the culture, thus allowing the 

detection of nitrogen deficiency in jambu leaves (Figure 3). In research developed by Pôrto et 

al. (2014), involving nitrogen fertilization in tomatoes, it was noted a trend of linear increase 

in the SPAD index as a function of the N doses applied. Other studies present results similar 

to those obtained in this research for this variable, in some crops, such as lettuce 

(Mendonza-Tafolla et al., 2019) and kaki (Choi et al., 2011) and potato (Coelho et al., 2012). 

Mampholo et al. (2018), when working with two lettuce cultivars, observed that the total 
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chlorophyll content in the leaves of these vegetable crops increased as the N supply in the soil 

increased. This is due to the structural function of N, which is required for the synthesis of 

chlorophyll molecules; therefore, larger supplies of N favor the production of chlorophylls 

(Lee et al., 2019). 

3.4 Correlation of the SPAD index, leaf dry mass, total Chlorophyll, N content and N 

Acumulation 

In relation between the SPAD unit values and others variables, it was observed positive 

significant correlation (Figure 5). 

 

Figure 5. Pearson correlation between SPAD indices and leaf dry mass (A), total chlorophyll 

(B), N content (C) and N accumulation (D).  ** Significant at 1% of probability by t test 

It was observed high linear positive correlation (r = 0.93) between the variables of leaf dry 

mass an SPAD units (Figure 5A). Madakadze et al. (1999), observed a positive correlation 

between SPAD units and leaf dry mass accumulation in Panicum virgatum, thus 

demonstrating the potential of SPAD units to determine leaf dry mass accumulation.    

For total chlorophyll, there was a strong correlation with SPAD units (r = 0.81) (Figure 5B). 

This proves the efficiency of measuring total chlorophyll using a SPAD chlorophyll meter in 

estimating the chlorophyll content of leaves. Results reported by Mendoza-Tafolla et al. 
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(2019) working with lettuce observed a correlation between SPAD units and the chlorophyll 

content in the leaves of this species.  

The association between total chlorophyll content and dry mass accumulation occurs due to 

the role of chlorophyll in photosynthesis; thus, the higher the chlorophyll index the greater 

the capacity of the plant to perform photosynthesis and, consequently, higher biomass 

production (Taiz et al., 2017), as observed by Shadchina & Dmitrieva (1995), which showed 

a correlation between the chlorophyll content in the leaves and the dry matter of wheat plants. 

The N content in the leaf presented a positive correlation with SPAD units (r= 0.76), with the 

highest value obtained (58 units) coinciding with the highest N content (43.7 g kg-1) (Figure 

5C). Since N is an important component of the chlorophyll molecule, the lack of this element 

causes a decrease in the green intensity of the leaves of the plants, interfering in the process 

of photosynthesis, being characterized by chlorosis (Pôrto et al., 2014), relationships 

observed in this study, observing characteristic symptoms of N deficiency in levels below 

33.0 g kg-1 N and 46 SPAD units (Figure 2).  

A study by Mendoza-Tafolla et al. (2019) showed a high correlation (r= 0.95) between N 

contents in Roman lettuce leaf and SPAD units. In other plant species, high correlation 

between the two variables was demonstrated, as in oregano (r= 0.64) (Medellín et al., 2016) 

and kaki (r= 0.97) (Choi et al., 2011). In general, these studies proved that SPAD has strong 

correlations with the N content in the leaf, which correlated with increased photosynthesis 

and productivity, as observed by Mahlangu et al. (2016). This reaffirms the efficiency of the 

SPAD chlorophyll meter for diagnosing the N level in jambu plants, as well as for predicting 

yield, as observed by Milagres et al. (2018) in potato cultivation. 

For the accumulation of N high linear correlation with SPAD units was observed (r= 0.82). 

This relationship can be established due to the role played by N as a structural element, 

composing amino acids and proteins (Taiz et al., 2017), as well as being directly linked to 

chlorophyll synthesis, as proven in this study and other studies (Medellín et al., 2016; 

Mendoza-tafolla et al., 2019). Due to this, when this element is deficient, physiological 

disorders occur in chloroplasts, causing leaf chlorosis (Taiz et al., 2017). This relationship is 

mainly due to the fact that more than 70% of the total N of the leaves integrate enzymes 

associated with chloroplasts (Dantas et al., 2012), where the chlorophylls are inserted.  

4. Conclusion 

The N concentrations in the nutrient solution influence the variables evaluated, and the 21 

mmol L-1 concentration of N promoted the best response. In addition, the SPAD index is 

indicated to indirectly estimate the chlorophyll content, the N content and the amount of N 

accumulated in jambu leaves. 
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Glossary 

AAB Device: an equipment for sky. 

KKD Device: an equipment for shipping. 
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