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Abstract 

 

Adequate supply of N nutrition is essential in banana production and is an indirect indicator of chlorophyll content, 

as considerable amount of it is incorporated in green pigment. Traditional methods of N determination are expensive and 

lengthy or require high technology instruments, affecting its timely determination. This study assessed N nutrition of 

banana leaf tissue through traditional Kjeldahl’s method and regressed with chlorophyll content, each by 

spectrophotometry and SPAD-502. Fully grown suckers identical in appearance were randomly selected from thirty 

banana growing sites of district Naushehroferoze. Kjeldahl’s N content was between 1.80 and 4.60 % with 60% samples 

falling under low, 3% under high and remaining were sufficient in N nutrition. There was strong, linear and significant 

relationship of chlorophyll determined by SPAD with chlorophyll “a” (r = 0.81) and total (r = 0.86) by 

spectrophotometry. In case of Kjeldahl’s N, similar relationships were developed with chlorophyll content determined by 

SPAD meter (r = 0.85), chlorophyll “a” (r = 0.79) and total (r= 0.80) by spectrophotometry. Coefficient of determination 

explained 72% contribution of chlorophyll content by SPAD, and 63% and 64% (“a” and “total”, respectively) by 

spectrophotometry to the total N content in leaf tissue. While,  chlorophyll determination by SPAD meter explained 67%, 

19% and 74% to spectrophotometric chlorophyll “a”, “b” and “total”, respectively. This study recommends that both the 

techniques of chlorophyll determination are closely associated with each other; however, spectrophotometric chlorophyll 

determinations have an edge over SPAD readings. Under spectrophotometric determination, chlorophyll “a” is the major 

portion of total chlorophyll associated with both N and SPAD values. 
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Introduction 

 

Sindh is the main contributor of banana with 86% of 

the total production and 93% of the total area in Pakistan 

(Anon., 2015). Major area under banana cultivation in 

Pakistan is of single cultivar Dwarf Cavendish. District 

Naushehroferoze contributes significant share among 

banana cultivating zones. Nitrogen (N) being an essential 

nutrient is required by banana plant throughout its growth 

cycle i.e. starting from new plant tissue till fruit 

development (Shaahan et al., 1999). It is significant part 

of living cells and is present within amino acids which are 

the building blocks of proteins. It is main constituent of 

chlorophyll. Moreover, N being part of nucleic acid i.e. 

DNA is present in nucleus, mitochondria, and 

chloroplasts (Perchlik & Tegeder, 2018). Some proteins 

act as enzymes, and N provides energy to these enzymes 

to precede the biochemical reactions (Porra, 2002). 

Proteins break down to amino acids and N is released to 

move towards chlorophyll of leaf which increases the 

density of chlorophyll in plant cell (Terashima & Saeki, 

1983). The intensity of green color measured directly 

determines leaf N content (Takebe et al., 1990). 

Banana needs maximum quantity of N fertilizer 

during vegetative to fruiting stage as compared to 

phosphorus and potassium (Rajput et al., 2017). It 

contains lots of nutrients for human health such as sugar, 

polysaccharides, vitamin A, B6, C (Park et al., 20111) and 

micronutrients (Rajput et al., 2017) which are beneficial 

for good health and reduced risk for diseases (Lecerf, 

2008). Leaves are the organs of banana which perform 

structural as well as functional acclimation of the 

photosynthetic apparatus to the intensity of light practiced 

during their growth (Prioul et al., 1980). Due to low N 

availability in plants, banana produces lesser number of 

leaves as compared to the number of leaves produced by 

banana plants supplied with adequate N (Adhikari et al., 

1999). Nitrogen deficient plants show poor growth and 

pale yellow leaves with reduced leaf area and rate of leaf 

production, therefore, N is the most preventive factor for 

the growth and development of banana (Tucker, 2004).  

Chlorophyll is also used as an indicator of N content 

owing to the significant quantity of leaf N in pigment 

protein complexes (Bojovic & Markovic, 2009). Banana 

leaf chlorophyll serves as an integrator of environmental 

as well as nutritional variables, which ultimately affect the 

quality of a fruit and plant senescence (Moreira and 

Fageria, 2009). Nitrogen can be evaluated indirectly from 

chlorophyll content, because a significant amount of N in 

banana leaf is merged in that pigment (Filella et al., 

1995). Some studies have shown positive relationship 

between total N and chlorophyll content of potato (Takebe 

et al., 1990), coffee (Guimaraes et al., 1999, Netto et al., 

2002) and cotton (Peterson et al., 1993) leaves due to 

significant amount of N present in chlorophyll molecule. 

Recent advancement show that chlorophyll 

determinations are normally carried out by using SPAD 

meters, which are relatively easy to handle (Uddling, et 

al., 2007). Studies highlighting the relationship between 

N content in leaf tissue, spectrophotometric chlorophyll 

and SPAD meter chlorophyll content are related to crops 

like wheat, corn and soybean (Daughtry et al., 2000; 

Bojovic & Markovic, 2009 and Haim et al., 2012), while 

those pertaining to banana are negligible (Melo et al., 
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1914) and yet for the local variety of banana do not exist. 

The study by Melo et al., (2014) compared banana leaf 

tissue N with spectrophotometric chlorophyll only, while, 

SPAD meters are more commonly used for chlorophyll 

determinations due to their convenience and therefore, it 

is necessary to include chlorophyll assessment by both 

methods for local banana variety of Pakistan. The main 

objectives of this study were to evaluate the chlorophyll 

content of banana leaf tissue by SPAD-502 and 

spectrophotometry (acetone extraction) and develop 

relationship of each over traditional method of Kjeldahl’s 

N determination and come up with the increase in N 

content associated with chlorophyll by each method. 

 

Materials and Methods 

 

Banana leaf sampling: Fully grown suckers identical 

in appearance were randomly selected from thirty 

banana growing sites of district Naushehroferoze. Leaf 

index tissue sampling was carried out in the month of 

July, 2016. One leaf (third leaf from top) was used to 

take SPAD readings from the center of leaf and either 

side of the mid rib. This followed the removal of 10 cm 

wide strip using stainless steel scissor from the center 

of leaf, perpendicular to the leaf length, including the 

SPAD meter reading spot. The leaves were placed in 

zip-lock plastic bags and kept in covered ice box 

during transportation to the laboratory. For chlorophyll 

determination by spectrophotometry, required portion 

of fresh leaf was preserved in acetone and placed in 

freezer (above 0
o
C) (Arnon, 1949). The remaining leaf 

samples were air-dried in shade at room temperature, 

followed by oven-drying at 68
o
C, ground to fine 

powder using stainless steel grinding machine and used 

for N determination. 

 

Analytical methods: The dried samples were ground and 

N was determined by Kjeldahl’s method (Bremner and 

Malvany, 1982). Samples were acid digested, followed by 

distillation using NaOH and toshiro indicator and finally 

the contents were titrated. The amount of HCl utilized 

was back calculated to determine the N% in leaf tissue. 

For chlorophyll determination, SPAD meter (SPAD-

502 plus, Konica Minolta Optics-2012) was calibrated 

without introducing leaf sample in the sample slot and 

pressing the measuring head with the fingers. The 

measuring head was closed (by pressing) until a beep 

sound heard and the screen displayed a message 

“calibration process completed”. For leaf sample 

reading, the leaf sample was introduced into receptor 

window in such a way that it covered the window 

completely and the measuring head was closed using 

finger and kept on pressing the measuring head, till the 

beep sound and the measured values appeared on the 

display screen. Several readings were noted for each 

sample and mean values were recorded for each leaf 

sample by pressing the average button. 

Spectrophotometric chlorophyll was carried out by 

extraction method as detailed by Arnon (1949). For this 

determination, the acetone dipped sample was taken out 

and cut into thin pieces using small stainless steel scissor. 

One gram sample along with 10 ml of 80% acetone was 

placed in pestle mortar and ground. The suspension was 

transferred into 25 ml graduated centrifuge tubes and the 

volume of the tube was raised to 20 ml by adding 80% 

acetone. The tubes were centrifuged for 10 minutes at 

7000 rpm. Clear extract was run on spectrophotometer at 

two wavelengths i.e. 645 and 663 nm. The chlorophyll a, 

b and total was calculated by using relevant Arnon 

equations as presented here and converted to mg g
-1 

[extraction volume/(sample weight x1000)]. 

 

Chlorophyll a (mg L
-1

) = 12.7 (A 663) – 2.69 (A 645) 

Chlorophyll b (mg L
-1

) = 22.9 (A 645) – 4.68 (A 663) 

Chlorophyll total (mg L
-1

) = (Chlorophyll a + Chlorophyll b) 

 

Results and Discussion 

 

The Kjeldahl’s N, chlorophyll by SPAD-502 and 

spectrophotometric chlorophyll (“a”, “b” and total) in the 

form of range, mean, standard deviation, mode and 

coefficient of variability are presented in Table 1. Leaf 

tissue content of individual banana sites is presented in 

Figure 1. The relationship of Kjeldahl’s N with 

chlorophyll by SPAD-502 and spectrophotometric 

chlorophyll (“a”, “b” and total) is presented in Figure 2. 

While, relationship of SPAD-502 chlorophyll content with 

spectrophotometric chlorophyll (“a”, “b” and total) in 

banana leaf tissue is presented in Figure 3. 

 

Kjeldahl’s leaf tissue N:  The N content of banana leaf 

tissue was between 1.80% and 4.60%, with a mean value 

of 3.26% (Table 1). The coefficient of variability 

indicated 22.2% variation among thirty banana growing 

sites. The most frequently occurring Kjeldahl’s N 

content among different sites of district Naushehroferoze 

was 3.18%. According to Jones et al., (1991), for N 

content to be sufficient, a 3
rd

 leaf of 6-9 month banana 

plantation should have N content between 3.5-4.5%. 

Therefore, the standard critical value of N is actually 

4.5%. Similarly, the values between 2.5-3.49% are low 

in N content. Therefore, any values <3.49% would be 

considered as low. (Fig. 1) illustrated that out of 30 

banana sites, 11(37%) sites were falling under the 

sufficient range of 3.5-4.5%. Nonetheless, 6(20%) out of 

11 (37%) sites were closer to the lower limit of 3.49% 

and those below 4% N were also at risk. This shows 

only 5 sites, rather 6(20%) being sufficient in N, as one 

value was slightly (i.e. 4.6%) above the sufficient range 

(4.5%). The N contents in leaf tissue (1.74-4.32% and 

2.62-4.09%) of same banana cultivar as reported by 

Memon et al., (2010) and Rajput (2017) were similar to 

those obtained in this study. Literature related to N 

content of banana leaf tissue is scarce and depends on 

the leaf position, age and variety of banana plant 

(Rashid, 1996) in addition to fertilizer application and 

other management practices. The results of leaf tissue 

analysis from various studies can only be compared 

when similar sampling techniques have been used. In 

contrast, the N levels reported for Poovan banana 

cultivar were 3.24% at vegetative, 2.53% at flowering 

and 2.68% after the harvest (Selvamani et al., 2009). 
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Fig. 1. Kjeldahl’s N content in 6-9 month old banana leaf tissue with sufficiency range. 
 

Table 1. Kjeldahl’s N, SPAD-502 and spectrophotometric chlorophyll in in 6-9 month old banana leaf tissue. 

Parameters Range 
Mean ± standard 

deviation 
Mode 

Coefficient of 

variability (%) 

Kjeldahl’s N (%) 1.80-4.60 3.26 ± 0.72 3.18 22.20 

SPAD-502-Chlorophyll  33.30-58.00 43.24 ± 7.14 56.00 16.50 

Spectrophotometric Chlorophyll “a” (mg g
-1

) 0.72-0.90 0.81 ± 0.0496 - 6.09 

Chlorophyll “b” ( mg g
-1

) 0.18-0.32 0.24 ± 0.0366 - 15.26 

Total chlorophyll (mg g
-1

) 0.90-1.22 1.05 ± 0.0718 - 6.81 

 

  
 

  
 

Fig. 2. Relationship of Kjeldahl’s N with chlorophyll by portable SPAD-502 (a) and spectrophotometric chlorophyll “a” (b), “b” (c) 

and total (d) in 6-9 month old banana leaf tissue. 
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Fig. 3. Relationship of SPAD-502 chlorophyll content with 

spectrophotometric chlorophyll “a” (a), “b” (b) and total (c) in 

6-9 month old banana leaf tissue. 
 

SPAD-502 chlorophyll: The chlorophyll contents 

recorded with SPAD meter on the spot were 33.3-58.0 

with a mean value of 43.24 (Table 1). There is different 

portable chlorophyll meters available in market. Being a 

quick test method, it is widely used for fruit and other 

crops (Schaper et al., 1991 and Ghasemi et al., 2011), 

however, only few studies report chlorophyll content of 

banana by this method. In this context, Hooks et al., 

(2009) using SPAD-502 (Minolta Corporation, Ramsey, 

NJ) reported chlorophyll readings of  around 35-37.5 for 

Williams banana. Arantes et al., (2016) using Clorofilog 

CFL-1030 chlorophyll meter (Falker) reported mean 

values of 50.63-55.9 from banana leaf tissue of different 

cultivars (3
rd

 leaf from apex). While the values by SPAD-

501 were between 16.5 and 37.0 (Schaper et al., 1991). 

The variability in chlorophyll contents by these meters 

may be due to type of tree, position of leaf, under shade or 

exposed to sun, etc. (Bjorkman, 1981 and Schaper, 1991). 

 

Spectrophotometric chlorophyll: This technique of 

chlorophyll determination has benefit over portable 

chlorophyll technique as it determines chlorophyll “a” 

and “b” separately instead of total. The chloroplast 

contain certain pigments (i.e. chlorophyll), categorized as 

“a” and “b” (or even c, d and e), and the former is the 

main pigment in plant cells having tendency to capture 

sunlight, and therefore, release electrons and regain them 

from various other sources (Ritchie, 2006). Chlorophyll 

“a” differs in both light intensity and spectral quality of 

light (Atwell et al., 1999). Banana possessing self-shading 

of leaves, a proportion of chlorophyll “b” is also 

important in capturing the energy from other wavelengths 

and its transfer to the specific molecule of chlorophyll “a” 

(Melo et al., 2014). Our results (Table 1) are in 

confirmation with above statements, where chlorophyll 

“a” was major part (0.72-0.90 mg g
-1

) of total chlorophyll 

(0.90-1.22 mg g
-1

), over chlorophyll “b” (0.18-0.32 mg g
-

1
). Chlorophyll “a” has been the major constituent (0.6-

2.3 mg g
-1

) in strawberry leaf tissue (Wood et al., 1993), 

and even other fruit crops. While, the total content ranged 

from 0.9 and 3.0 mg g
-1

. The red maple leaves were found 

to have total chlorophyll content of 4.07 and 5.38 mg g
-1

 

(Sibley et al., 1996).  Yet, there are disagreements among 

researchers regarding the role of chlorophyll “b” in the 

photosynthetic process (Bidwell, 1979). 
 

Regression analysis: Kjeldahl’s N content was regressed 

against chlorophyll content (SPAD-502 and 

spectrophotometric) to find out the nature of relationship 

between these parameters. Linear, positive and significant 

relationships were obtained for SPAD (r = 0.85) and 

spectrophotometric chlorophyll “a” (r = 0.79) and total (r 

= 0.80) with Kjeldahl’s N content in leaf tissue (Fig. 2). 

Similar type of relationships were observed for 

spectrophotometric chlorophyll “a” (r = 0.81) and total (r 

= 0.86) when regressed with SPAD chlorophyll (Fig. 3). 

Considering chlorophyll “b” by spectrophotometry, it had 

relatively poor relationship with Kjeldahl’s N (r = 0.48) 

and SPAD chlorophyll (r = 0.43). Similar relationships 

among chlorophyll by various portable meters and 

spectrophotometry have been reported in leaf tissue 

samples of various fruits with coefficient of correlation of 

0.91 in mango, 0.95 in cashew, 0.96 in custard apple 

(Schaper et al., 1991), 0.91 in Asian pear (Ghasemi et al., 

2011) and 0.85 in muskmelon (Azia et al., 2014). In case 

of red maple, the relationship (r = 0.45) between portable 

and spectrophotometric chlorophyll was poor (Sibley et 

al., 1996). Linear, positive and strong relationships 

between portable chlorophyll and N content in leaf tissue 
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of Benjamin fig (r = 0.99) and Asian pear (r = 0.76) are 

also on the record (Loh et al., 2002 and Ghasemi et al., 

2011). Yet, the relationships developed with regard to 

banana leaf tissue are a new addition with exception to 

few studies. Melo et al., (2014) reported a strong 

relationship (R
2
 = 0.88) between chlorophyll content by 

spectrophotometry and N content of banana leaf tissue. 

 

Conclusion  

 

Based on strong relationship of Kjeldahl’s N to 

SPAD-502 and spectrophotometric chlorophyll, this 

study recommends that both the techniques of 

chlorophyll determination are closely associated with 

each other and support indirect estimation of N in six to 

nine month old banana Basrai leaf tissue. For each 1% 

increase in N, the associated chlorophyll increase is 8.06 

by SPAD and 0.065 by spectrophotometry. Under 

spectrophotometric determination, chlorophyll “a” is the 

major portion of total chlorophyll associated with both 

Kjeldahl’s N and SPAD values. Owing to separate 

determination of “a” and “b”, spectrophotometric 

chlorophyll has an edge over the SPAD one. 
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