
                                VOL. 13, NO. 13, JULY 2018                                                                                                                   ISSN 1819-6608 

ARPN Journal of Engineering and Applied Sciences 
©2006-2018 Asian Research Publishing Network (ARPN). All rights reserved. 

 
www.arpnjournals.com 

 

 
                                                                                                                                               4231 

SPATIAL AND TEMPORAL VARIABILITY IN THE HARUMANIS MANGO 

LEAVES AT VEGETATIVE STAGE IN A GREENHOUSE 

 
Normardhiyah Roslan

1
, Rashidah Ruslan

1
, Mahmad Nor Jaafar

2
, Aimi Athirah Aznan

1
, 

Fathin Ayuni Azizan
1
 and Ibni Hajar Rukunudin

1
 

1School of Bioprocess Engineering, UniMAP, Arau, Perlis, Malaysia 
2Institute of Sustainable Agrotechnology, UniMAP, Padang Besar, Perlis, Malaysia 

E-Mail: rashidahruslan@unimap.edu.my 

 
ABSTRACT 

SPAD meter served as a reliable tool to determine the nitrogen status of a plant. SPAD meter conduct 

nondestructive analysis and it can reduce the cost of chemical analysis. In this study, a field experiment was conducted 

using SPAD meter to indicate the vegetative growth of harumanis leaves in a greenhouse. SPAD value of bottom leaf was 

measured starting from the fifth week after bud burst. SPAD value and nitrogen content of the leaves were measured at a 

new developing leaf and were analyzed on the relationship while the results of SPAD value monitored on weekly basis 

were analyzed using descriptive analysis and geostatistical aspect in ArcGIS software. The regression between nitrogen 

content and SPAD value of harumanis leaves indicated a high correlation with r
2
 equals to 0.84. The result for ANOVA 

and t-test analysis of SPAD value indicated the significant differences for the leaves growth of each monitoring week. The 

accuracy of semivariogram increased with the growth period of harumanis leaves. The map illustrated the variability of 

SPAD value across the greenhouse field indicated an increase in the spatial dependence of the SPAD value with time. The 

results for SPAD value were consistent as the leaves grow. Therefore, the evaluation of nitrogen status of new developing 

leaves using SPAD meter was reliable. This study proved that SPAD meter is a rapid tool to accurately determine the 

growth of harumanis leaves in the vegetative stage. The variability map was found useful in illustrating the N variability of 

Harumanis mango leaves. 

 
Keywords: SPAD meter, nondestructive technique, geostatistical analysis, leaves growth, vegetative stage, harumanis mango, 

greenhouse. 

 

1. INTRODUCTION 
The mango variety harumanis is one of the 

attraction fruits in Perlis. The demand is overwhelming 

both locally and internationally. To overcome this issue, a 

new way for harumanis planting is being produced using 

greenhouse planting approach. The harumanis mango 

planting under greenhouse production system has become 

one of the alternative options to the farmers in Malaysia. 

The initiative of mango production in a greenhouse has 

been utilized in Japan [1] and Spain [2]. Under greenhouse 

system, the plants were susceptible to extreme weather [1] 

while vegetative growth and size of mango trees are more 

advanced compared to open farming [2]. Application of 

greenhouse production system will mitigate some of the 

variability as compared to open farming system. However, 

variability may prevail even in greenhouse production 

system. Therefore, monitoring of plant growth is essential 

to have a clearer view of the probability of the variation. 

Thus, better decision making can be made in term of farm 

management. 

Leaves growth is an important factor that gives 

effect to the productivity of a crop. Leaves are a sensitive 

indicator of nutrient deficiency[3], where a nutrient 

deficient leaves will exhibit a lighter green color[4]. 

Conventionally, the farmers conduct a visual inspection by 

comparing the greenness level of the leaves[5]. However, 

human vision is very subjective. It only can distinguish 

based on qualitative aspect and it is time consuming. 

Nitrogen has been recognized as one of the major nutrients 

related to the leaves growth. However, it is almost 

deficient in most plants [6]. Leaves chlorophyll content 

closely related to nitrogen status of the leaves[7] and it 

varies at different development stage [8]. 

The most common and rapid estimation of 

nutrient status is using SPAD meter. The SPAD meter is 

diagnostic tools that allow rapid measurement of nitrogen 

status in the leaves [9]. Itisone of the reliable tools to 

determine plant nutrient status [10], [11] and crop growth 

[12]. In the past, SPAD meter was widely used to 

determine nutrient sufficiency in the leaves [13]. SPAD 

meter has the ability to indicate nitrogen deficiency [14]. 

However, the values may vary depending on the varieties, 

cultivar and development stages [15]. It has been 

extensively used in many important physiological events 

and agronomic studies on varieties of crop species 

including mango [16] and rice [12]. The ability to provide 

nondestructive measurement has also been proven to 

estimate the degree of greenness level which can be 

correlated to the chlorophyll content in the leaves [17].  

Variability within a field was influenced by 

environmental condition, growth stage and farm practices 

[18]. Identifying the variation in a field is important to 

determine the cause that contributes to the variation [19]. 

Spatial and temporal variability usually evaluated using 

the geostatistical analysis using ArcGIS software. Kriging 

interpolation method has been widely used in the analysis 

by researchers for multiple applications such as in the soil 

properties [20], and SPAD prediction [12]. Kriging 

interpolation is often preferred due to its ability to produce 

a higher accuracy of prediction at the unsampled location 

[12], [20], [21].  

The objectives of this study were to: 
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a) Examine the relationship between the SPAD value 

and nitrogen content for harumanis mango variety 

planted under greenhouse system.   

b) Evaluate the spatial and temporal variation within a 

greenhouse for the SPAD value measured in 

harumanis mango leaves.  

 

2. METHODOLOGY 

 

2.1 Study area 

The study was conducted at the Institute of 

Sustainable Agrotechnology (INSAT), Universiti Malaysia 

Perlis (UniMAP), Padang Besar, Perlis. The greenhouse 

No. 5 (GH05) was chosen for this study located at 

coordinate easting from 2532600 m to 254000 m and 

northing from 736400 m to 736940 m at 53 m above mean 

sea level as shown in Figure 1. This area was located in 

the northern part of Malaysia that experienced draught 

season from January to March and the rainy season from 

September to December which is very suitable for 

harumanis planting. The planting follows the standard 

plant husbandry practice for high density planting except 

for its pruning and micro-climate controlled while the 

trees were supplied with automated drip irrigation system. 

 

 
 

Figure-1. Study area at the UniMAP Institute of 

Sustainable Agrotechnology, Padang Besar, 

Perlis. (Google Earth, 2016). 

 

2.2 SPAD measurement and nitrogen determination 

Field measurement was conducted in February 

2017 until June 2017. There were 28 trees in a healthy 

condition and aged 4 years old were selected by random 

grid sampling. A chlorophyll meter Minolta SPAD-502 

meter was used to measure SPAD value of the leaves. The 

value was recorded in SPAD unit. Measurement using 

SPAD meter was taken at 6 points per leaf located at the 

halfway from the leaf tip and the collar which is about the 

middle point between the leaf midrib and margin as 

illustrated in Figure-2. The measurement within a tree was 

grouped as a single sample. The monitoring week was 

labeled as week 1 (w1) which is 5 weeks after the bud has 

emerged. Week 3 (w3); week 4 (w4); week 5 (w5); week 6 

(w6); week 7 (w7); week 8 (w8). 

 
 

Figure-2. The points taken for SPAD measurement. 

 

2.3 Mapping and geostatistical analysis 

Mapping on SPAD value for the 8 monitoring 

week was established in ArcGIS using geostatistical 

analyst tools and the map was analyzed based on the 

spatial and temporal aspect of the greenhouse. The map 

was interpolated using kriging method and table model 

was selected as the best semivariogram model from the 

cross validation analysis. The properties of the best fitted 

semivariogram model were analyzed for its nugget effect, 

the nugget to sill ratio and the range value. The result was 

grouped into 8 groups and was compared in the weekly 

basis. The kriged map was classified into 8 groups of 

SPAD value ranging from 11 to 55 SPAD value. 

 

3. RESULTS 

 

3.1 Relationship between SPAD values and leaf  

      nitrogen status 

Throughout the 8
th

 monitoring week, the nitrogen 

content in harumanis mango leaves was obtained from 

0.08% to 0.25%. The mean, standard deviation, and 

coefficient of variation were obtained at 0.13%, 0.03% and 

26.97% respectively. Regression analysis was conducted 

between SPAD values and nitrogen content in harumanis 

leaves as shown in Figure-3. The results indicate that the 

SPAD value and nitrogen is related with R
2
 value was 

0.82. It shows the relationship obtained between SPAD 

value and nitrogen concentration of harumanis leaves at 

vegetative stage.  

The significant differences between SPAD and 

nitrogen content of the harumanis leaves from this study 

was in agreement with [22]. The highest nitrogen content 

observed during w1, even though the SPAD value 

observed during that time was 15 SPAD units. Young 

leaves tend to have higher nitrogen content and it will 
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decrease with time. This result was consistent with [23]. It 

was assumed that nitrogen content may differ at the 

different growth stage and maybe the sampling position of 

the first bottom leaf selected in this study gives a 

significant effect to the result. Besides, the variety and its 

genotype also could give variation in the nitrogen value. 

 

 
 

Figure-3. Relationship of SPAD value to nitrogen content 

in harumanis leaves. 

 

3.2 SPAD measurement in harumanis leaves 

Table-1 summarized the descriptive analysis of 

SPAD values obtained throughout the monitoring period. 

The standard deviation ranged from 2.15 to 3.70 indicate 

that there was a very small variation between the samples. 

Besides, the percentage of coefficient of variation (CV) 

ranged from 4.76 to 12.75 shows that there is moderate 

variability in the sampling. The variability tends to 

decrease with time.  

 

Table-1. Descriptive analysis of SPAD value obtained 

throughout monitoring period. 

Week Min Max Mean SD CV (%) 

1 13.2 20.6 16.9 2.15 12.75 

2 22.3 35.0 27.8 3.11 11.18 

3 28.9 43.7 36.6 3.70 10.11 

4 34.2 46.7 40.5 3.51 8.67 

5 39.1 48.9 44.7 2.50 5.58 

6 42.6 53.4 47.0 2.23 4.76 

7 41.5 53.3 48.2 3.31 6.86 

8 42.9 55.8 49.7 3.00 6.05 

 

Figure-4 illustrates the growth pattern with 

respect of SPAD value obtained throughout the monitoring 

period. The figure shows that the SPAD value increased 

exponentially with time. The SPAD value increased 

rapidly from w1 to w3 with the highest mean difference 

was 10.9 SPAD units. The SPAD value starts to decelerate 

from w4 to w7 with the mean difference ranged from 3.9 

to 1.2 SPAD units. The lowest SPAD value recorded was 

13.2 SPAD units on the w1 while the highest value 

recorded are 55.8 SPAD units in w7. The leaves were 

assumed to reach its full maturity at this stage with the 

SPAD value remain stationary. The condition was 

expected to be constant until the senescing period. The t-

test analysis conducted at 95% confidence level; denotes 

by alphabets a to h from w1 to w8 respectively shows 

positive significant correlation (p-value<0.05) obtained for 

the SPAD value of each monitoring week. 

 

 
 

Figure-4. The trend for SPAD value obtained throughout 

monitoring period. 

 

Table-2 shows the analysis of variance (ANOVA) 

for SPAD value changes recorded for harumanis leaves 

throughout the monitoring period. The result revealed that 

there are no significant differences within the weeks with 

the p-value >0.05, while there was significant differences 

observed between the weeks with the p-value<0.05. The 

SPAD meter measurement was found to be a significant 

parameter that determines the growth of leaves. This 

claimed was in agreement with [12]. 

 

Table-2. Table ANOVA for SPAD value changes in 

harumanis leaves. 

Source of 

variation 
SS df MS F 

P-

value 

F 

cri

t 

Within 

group 
44.25 2 22.12 1.35 0.26 

2.9

9 

Between 

group 

60378

3.64 
7 

86254

.81 

5262

.01 
0 

2.0

1 

Total 
69164

1.52 

53

75 
    

 

The increasing of SPAD reading from this study 

was concurrent with [12] and [10]. A significant result was 

obtained towards the change in the age and maturity of the 

leaves [15], [22]. In this study, the SPAD value increased 

rapidly from w1 to w3, illustrated by a rapid change in the 

leaves color from pale green leaves into a darker green 

color. The leaves also became hardened compared to 

initial emerging leaves. It was assumed that the leaves 

undergo active expansion during early leaves growth. As 

the leaves grow, the rate of changes in the SPAD value 

will drop and become consistent as the leaves reached its 

maturity. The consistency of SPAD value obtained may be 

affected by the thickness of the leaves which depends on 

the fertilizer applied to the trees and nutrient absorption 

efficiency by each tree. The thickness of leaves will 

change according to the leafage and genotype. As leaves 

increase in thickness, reflectance will also increase and 
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decrease the light transmitted to the device. Leaf thickness 

may cause variability in the relationship between SPAD 

value and N content of the leaves. On the other hand, the 

consistency in SPAD value shows that the leaves might 

have accumulated enough amount of chlorophyll which 

responsible for the green color exhibit by the leaves. Due 

to that situation, matured leaves were not recommended to 

be measured using SPAD meter. However, a higher 

relationship was found for trees planted in a controlled 

environment compared to field grown trees [24].  

 

3.3 Geostatistical analysis of the SPAD value map  

In this study, spatial and temporal of the SPAD 

value map were interpolated geostatistically using 

ordinary kriging technique to produce a predicted surface 

at the unmeasured location. The stable model was selected 

as the best fitted semivariogram model. Table 4 shows the 

properties of the best fitted semivariogram model for each 

monitoring week. 

 

Table-3. Properties of the best fitted semivariogram model 

for SPAD value. 

Week 
Nugget 

(Co) 
Sill 

(Co+C) 

Nugget/sill 

ratio 

(Co/Co+C) 

Range 

(A0) 

1 4.375 4.850 90.230 54.534 

2 8.935 10.903 81.950 76.549 

3 0 16.265 0.000 11.120 

4 7.353 13.521 54.380 10.602 

5 4.409 7.550 58.400 11.120 

6 2.302 5.745 40.060 12.291 

7 0 10.136 0.000 11.120 

8 0 8.842 0.000 11.120 

 

Table 3 shows that there were pure nugget effects 

observed in w3, w7, and w8. Low nugget indicates low 

variability within the study area. The neighboring points 

tend to have similar value. There was low spatial 

continuity between neighboring points at that monitoring 

period. The highest variability was observed in w2 with 

the highest nugget value of 8.935 m. There was strong 

spatial dependence for w3, w7, and w8 with the nugget to 

sill ratio obtained below than 25%. The w1, w4, w5 and 

w6 shows moderate spatial dependence with the nugget to 

sill ratio obtained in between 25 to 75%. The lowest 

spatial dependence indicates by w2 with the nugget to sill 

ratio greater than 75%. In this study, the spatial 

dependence of SPAD value ranged from 11.120 m to 

54.534 m. 

The semivariogram shows a decreased trend with 

growth period. This condition occurs due to the increase in 

the nugget effect. The positive nugget effect may have 

resulted from the random error in the sampling as similar 

to the claimed by [25]. Pure nugget observed in w3, w7 

and w8 may have resulted from weak spatial 

autocorrelation. Referring to the classification suggested 

by Cambardella et al. (1994), the spatial dependence of the 

nugget to sill ratio (%) with <25%, 25-75%, and >75% 

indicates a strong, moderate and weak spatial dependence. 

W1 and w2 were classified to have a weak spatial 

dependence. Moderate spatial dependence observed for 

w4, w5, and w6. It was concluded that the spatial 

dependence of SPAD value increases with time. The 

spatial dependence may be controlled by the nutrient 

available in the soil that affects the growth of leaves. In 

addition, variation may occur due to uneven nutrient 

application to the trees. Lower range observed in the 

semivariogram from w3 to w8 indicates spatial 

dependence at a short distance. Higher spatial dependence 

was observed in w1 to w2. This condition may occur due 

to the difference in the sunlight radiation that alters the 

environmental condition within the greenhouse. 

 

3.4 Spatial and temporal analysis of the SPAD value 

map 

Figure-5 illustrated the kriged map of SPAD 

value measured throughout the growing period. The color 

changes from yellow to dark blue color indicate the 

increased in the SPAD values throughout the monitoring 

period. The data distribution within the greenhouse during 

w2 and w2 was uniform with no variability observed. 

There was a rapid increase between w1 and w2 with 1.7 

SPAD units difference. It was assumed that the growth 

rate of harumanis leaves was the highest in this time 

period. A similar trend was observed between w5 and w6 

where the west side of the greenhouse showed slightly 

higher SPAD value compared to the east side. During w6 

and w7, a respectively 89% and 61% of the area was 

recorded with the SPAD value ranged from 45 to 50 

SPAD value. It was assumed that the variation decrease in 

time. This condition was proven when the SPAD value 

during w6 to w8 shows a steady result. The trees may have 

decreased in the growth rate during that monitoring period. 

Variation within the greenhouse was slightly 

higher during the middle monitoring period while low 

variation observed during the early and late monitoring 

period. Variation decreased when the SPAD value started 

to stabilize from w6 to w8. This variation may occur due 

to the difference in each trees physiological development. 

Some of the trees may grow in higher rates compared to 

the other trees. This greenhouse growing practice was still 

usingmanual labor to apply fertilizer. There is the 

probability that uneven fertilizer was added to each tree. In 

addition, the difference in the fertility gradient also may 

affect the greenness level exhibit by the leaves. Some of 

the areas in the greenhouse tend to have a significantly dry 

and moist soil. Fluctuation in the SPAD values may have 

resulted from the difference of water stress in the soil as 

agreed by[27]. 
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Figure-5. Mapping on the SPAD value monitored on weekly basis. 

 

 

4. CONCLUSIONS 

This study demonstrated the capabilities of the 

kriged map to illustrate the changes in SPAD value with a 

time period. From the finding, it can be concluded that 

SPAD meter has the potential to be used as reliable tools 

indicating the leaves nitrogen content of harumanis mango 

planted in a greenhouse. The monitoring of harumanis 

leaves growth using SPAD meter showed significant 

differences throughout the monitoring period. The kriged 

map has the ability to illustrate significant differences in 

the spatial and temporal aspect of the SPAD value within 

the greenhouse with a slight variation observed within the 

study area. This study has successfully generated a 

variability map for harumanis planted in a greenhouse. 

The present map was expected to assist in the future 

development of a site specific nutrient management of 

commercial harumanis plot in Padang Besar. Effective 

management on the variability aspect was expected to lead  

to a better soil health and ensure adequate nutrient applied 

to the demand. 
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