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Abstract—I1n accordance to agriculture 4.0, sensor plays an
important role fur scnsing the nutrition status in plants.
Generally, chlorophyll meter or spectral sensor is used to
measure chlerophyll content to identify plant nutrient
deficicncics. The abjective of this paper is to obtain corrclation
coefTicient value that indicate the relatioasbip or correlation
among chlorophyll measurement using spectrophotometer,
chloruphyll meter, and spectral sensor. Here, we thoroughly
focus on a meta-analysis of the chlorophyli|jicasurement using
42 papers as a main study. Nevertheless, 12 studies were cjected
because of incomplete statistical information. Finally, 5 articles
were used in a meta-analysis. The results showed significant
correlations among spectrophotometer values, SPAD-502
values, CCM-200 values, atLeaf+ values, and TCS230 sensor
values.
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I INTRODUCTION

Information on plant nutrition needs is very important for
the process of fertilizing plants. Nitrogen, the basic
component in tertilizer could also be monitored based on the
chlorophyll measurement, as the muogen supply and
chlorophyll  content  arc  highly  correlated  [1).
Specrophotometer is usually used to analyze chlorophyll
pigment on plant leaves using light absorption by the
extracted pigment, howcever this method has the disadvantage
such as laborious, lime-consuming and destructive (2].

With the advancement of scnsor lc@ology. the ability of
lcaves to absorb light allows detection of chlorophyll content.
This detection is based on the processing reflect{fand / or
transmitted light by the leaves. Chlorophyll meter 1s a device
used to measure chlorophyll content at the Icaf level.
Chlorophyll meters using visible light sources, infrared light
sources and spectral sensors as light detectors. Chlorophyll
meter and spectral sensor has been widely used in many
studics for chlorophyll contcnt measurement of various type
of plants. However, reports on mela-analysis of the
chlorophyll concentration measurement using spectral sensor,

chlorophyll meter and spectrophotometer are very limil@
Thercfore, in this paper, we focused on a mcta-analysis of
chlorophyll dctection based on spectral properties at leaf
level. Data was cxtracted from a widc sclection of studics
which mcasurcd chlorophyll concentration using chlorophyll
meter, speetral sensor and spectrophotometer
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1. LITERATURE STUDY

A. Chlorophyll meters

Currently, various chlorophyll meters have been produced
with diffcrent modes, wavelengths and scnsor types. The
cxisting chlorophyll mecters are cither using transmittance
mode such as: SPAD-502, TYSA, MCI100, CCM-200,
atLEAF+, CL-01, and Dualex (Table I) or using reflectance
mode such as CM-1000, Green Secker and Yara N-Sensor
f2).

L. Murdock ct al [3] havc compared chlorophyll content
measurement on wheat plants using two types of chlorophyll
meters such as SPAD-502 and CM1000. The results have
shown that both meters have good performance and respond
in thc samec way. SPAD-502 uscs a closcd room and
measures the light transmitted by a leaf. Another type of
chlorophyll meter such as CM1000 which measures ambient
light and rcflection is used to caleulate relative chlorophyll
index. These tools which using transmiltance mode are
cffective in agricultural land as they are not interfered by the
sunlight. However, they could only mcasurc onc spot from
onc lcaf for cach mecasurement, hence they require big sample
of measurements in order to get a reliable data. The reflection
maode, on the other hand are casy and fast to use. Though, this
modc arc depends on sunlight, limited by the position of the
sun and cloudy weather conditions, and the angular position
affects the measurcment results.

TABLE L COMPARISON OF CHLOROPIYLL METER PRODUCTS BASED
ON TRANSMITTANCE MODE
SPAD-502 ~ CCM-200 | MC-100 | atLean+
Scale 9.0 w 0999 010999 | 01999
199.9 :
Unit SPAD + CCl pmoVm2, | CC1
. SPAD &

ccl

(opsional
Accuracy 1.0 1.0 ES 10 | £10

(pmol/m

2)

* 1.0

(ccn
Reading <2 2-3 <3 <]
time scconds |_scconds scconds scconds
Wavelengt | 650 am " 653 nm 653 nm 640 nm
h 940 nm 931 am 931 nm 940 nm
Light RED&IR  RED&ZIRR RED & | RED &
source IR IR
Scnser Silicon . Silicon Silicon Silicon

with uctos uctor
_emplific | de | de




B. Effect size calculation

The strength of the relationship between chlorophyll
concentration measurement using spectral sensor, chlorophyll
meter and spectrophotometer in each asticle is evaluated
using the cocfficient of determination (R?) [4]. In gencral,
synthesis on meta-analysis is not carricd out using corrclation
cocflicicnts. Correlation cocfTicients are converted to Fisher #
scale, and these values arc used in all analyzes. The analysis
results are then converted back 1o correlation {S). Conversion
from samplc correlation r to Fisher's 2 is calculated using:

z=0.5><|n(ﬁ (1)

1-r
The variance of z is calculated using:
Vi=3 @)
and the standard crror is calculated using:
SEz =V, 3

The weight in the study was calculated as:

1
W= W “)
W % = —o—x 100% S)
tw

C. Heterogeneity test for effect sizes

Before calculating the average effect size, heterogeneity
EBtween rescarch results is important to be assessed. The
percentage of helcrogencous components in  the total
variability of effect size (Qui) is defined as P 7 is defined as
variation among studics. I, dan T* is calculated using (4):

Quor—df

r* Qion ©)
Quor -df

T2 = ‘:‘_l )]

@here df = Num - 1, the total number of the sclected studies
(Nie). Qe and Cw is calculated as [4):

to1 2
Qo = zf:;” W (20 - (2%: ‘;‘:: (8

2
Ceot = Wm;(wm) ©)
tot

The stronger the heterogencity, the greater the 12 1f P s
greater than 0.5, the null hifbthesis of homogeneity is
rejected [4). If I* is lower 0.5, the null hypothesis of
homogeneity for this study is accepted. If the p value of
heterogenceity test > 0.05 or a small 12 valuc, this indicates
that the inter-rescarch docs not vary therefore to calculate the
combined effect using the fixed effects model. Combined

ceffect with Fixed effect model caleulated as (6]

365

_Iwa

EG =Sw

(10)

If the p value of the heterogeneity test is <0.05 or a large
12 value, this indicatcs that the intcr-rescarch varics therefore
random cffects mode) is used to calculatc the combincd
cffect. Total variation (V1) and the total rescarch weight (W)
values are needed to calculate the combined cffect with the
random cffect model. Total variation (V1) is calculated as [6]:

V=V +T? (11)

The total rescarch weight (W) is calculated as [6):

W= a2)
W
W% = Tw, x 100% (13)

Combined cffccts with thc Random effect model arc
calculatcd as [6]:

Wl

EG, = W,

(14)

After the combined effect is obtained, then the value is
converted to the correlation unit using the formula below:

e2EGr_y
= T 15)

r

The results of this meta-analysis are combined effects

consist of the value of the weight of cach study, correlation
coefficient and confidence nterval.

g 1. METHODS
C!

ta-analysis relates to a series of procedures for

analyzing the offfficients reported in published studics. This
method allows researchers to collect findings from several
studies to draw valid conclusions [4]. We have been
conducted meta-analysis with rescarch stages consisting of 7
steps as follows |7).

Step 1: Formulating the problem

Step 2: Searching the literature

Step 3: Gathering information from studics

Step 4: Evaluating the quality of studics

Step 5: Analyzing and integrating the outcomes of studics

Step 6: Interpreting the evidence

Step 7: Presenting the results

In this paper, meta-analysis rescarch aimed to provide
answers to sceveral rescarch questions, such as:
«  What is chlorophyll meier mode widely used?
e  What is chlorophyll meter widely used?
e What are wavelength area used in chlorophyll meter?
e What arc the strength of the relationships or corrclation

among chloraphyll measurcment using
spectrophotomceter,  chlorophyll meter, and  spectral
sensor?

Databasc of @CM Digital Library, SCOPUS, Scicnce
Direct, Springer Link, IBEE Xplore Digital Library, and




EBSCOhost were uscd for source data. The research paper
was published in 1986 to 2017, and the following key words
were used such as chloropbyll mctcr, nitrogen, and
wavelength. The results of this initial scm’@ more than 243
citations were collected from database search. Then the
abstracts of these studics were reviewed and considered for
inclusion in the mets-analysis. The studics were reviewed

on the following critcria. First, the studics had to
include a measurement of chlorophyll concentration (total
chlorophyll) using chlorophyll meter  and/or
spectrophotometer. Second, the research paper provided
statistical information such as cocfficicnt determination or
coefTicient correlation and number of sample. Based on the
first critcria, 42 papers were sclected, and 12 papers were
excluded. Finally, 5 anticles were used in meta-analysis and
36 studics were excluded. Fig | shows the Stages of
obtaining papers as mcta-analysis matcrial.

Fig 1. Stages of obtaining papers as mcta-analysis material

IV. RESULT
levant information was extracted from cach study in
ths final set such as chlorophyll meter or spectral sensor,
mode, year, references, and species. the studies used in this

study (Table IT) [8].

TABLE Il THE STUDIES USED IN THIS STUDY
Chl Meter/ Yesr | References | Specles
Mode
SPAD-501/ 1986 | {9) 22 Unrelated specics
T n
1987 | (10} 12 Unrelated specics
1991 | [t1} 8 Tropical and sub
tropical fruit trec specics
1991 1 [12} Maize
1991 | [13) 12 Wine grave cultivans
SPAD-S0Y 1992 | [14) 6 Sclesophytious specics
Tr i P
1992 | (15) Wheat, soybean, rice
1995 | (16) Maize and soybcan
2000 | (17) Sorghum
2002 | {1R) Potatn
2002 | {19) Papaya

2002 | [20] Sorghum and pigconpea
2003 | [21) 4 Citrus specics
2004 | [22) Peac lily
2005 | [23]) Coffee
2005 | [24) Wheat
2007 | [25]) Birth, wheat, and potate
2008 | 126] Com
2008 { [27] Cassava
2010 | (28} Flowering cherry
2000 | [29) 13 Tree species of
tropical rain forest
2010 | [30) Eugenia uniflora
2001 | (31)
Arabidopsis thaliana
2014 | {32) Oat
2014 | [33) Andropogon  gerardii
(Poaceas)
2016 | (34) Eucalyptus dunnii
2017 | [35) Cucursber
Yara N-Sensor 2009 | [36) Wheat, corn
&
GreenSccker/
Reflectance
CM-1000/ 2014 | (37) Grass (Fescuc)
Reflectance
CCM-200/ 2004 | (38] Sugar maple
T !
2008 | [39] 4 Tropical wood species
from Amazonian forest
2000 | [40] Quercus
2004 | (R] 22 Species
SPAD-S02 and | 2012 | [41) 6 Crop species (potato,
atLEAF+/ barlcy, canola, wheat,
Transmittance and com)
2016 | {2) Cleistanthus calamus
2016 | {42) leftuce, leaf Mustard,
radish and cabbag
SPAD-502 and | 2002 | {43] Paper birth
CCM-200/
Transmitlance 2005 | [44) 6 Citrus specics
2012 | [45] Kiwi, grape, wheat and
maize
SPAD-502 /| 2004 | [3] Wheat
Transmittance
and CM-1000/
Reflectance
TCS230 sensor | 2012 | (1) Lettuce
and SPAD-502
2017 | [46) Cassava

The highest numbcr of rescarch publications occurred in
2002, 2010 and 2014 (Fig 2). Most of thc study using
chlorophyll meter based on the transmittance mode (Fig 3)
and most of the study using SPAD-502 (Fig 4).
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Fig 2. The number of research publications on the
measurement of chlorophyll during the last 20 yvears
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Fig 3. The number of rescarch publications using chlorophyll
meter based on transmittance and reflectance modes
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Fig 4. The number of rescarch publications using chlorophyll
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Fig 5. Number of research publications using chlorophyll
meter based on reflectance mode

Table 0T shows that transmittance mode used the
wavclength ranging from 620 nm to 660 nm for hght
absorbed by chlorophyll and 850 nm to 940 nm for light that
is not absorbed by chlorophyll Mceanwhile the reflectance
mode measure chlorophyll content by using wavelength
between 450 nm and 900 nm (Table 1V).

TABLE 1L THE WAVELENGTH AREA USED IN CHLOROPHYLL METERS

HASED ON TRANSMITTANCE MODE.

Wiavelength
650 nm and 940 nm
653 nm and 931 nm

Chlorophyll meter
SPAD-502 and TYSA
MC100 and CCM-200

alLEAFT « 660 nm and 940 nm
CL-01 620 nm and 940 nm
Dualex 710 nm and 850 nm
TABLE IV THE WAVELENGTH AREA USED IN CHLOROPHYLL METERS 15

BASED ON TRANSMITTANCE MODE.

Chlorephyvll meter
CM-1000

Circen Sceker

Yasa N-Sensor

Wavelength

700 nm and K40 nm
656 nm and 774 nm
450 nm and 900 nm

The results of heterogeneity test for effect sizes shows the
value of p = 0.00 and I* = 0.875618 (table V), the value of p
= 0.00 and I* = 0.896122 (table V1), thereafter the calculation
of the combined effect uses random effect model. Meta-
analysis results show correlation cocfficient (r) = 0.95 and
confidence interval between 0.94 to 095 (wable V),
correlation coefficient (r) = 0.97 and confidence interval
between 0.97 to 0.98 (table VI).

TABLE V. META-ANALYSIS OF CHLOROPHYLL CONCENTRATION
MEASUREMENT USING SPAD-502, CCM-200, ATLEAF+ COMPARED TO
SPECTROPHOTOMETER AS COMPARISON

Study | Species Statistics Random EfTect Model
fur  cach
study
I | el » [ min max
125) | Amanaua 30 098 0.6 0.95 0.94 0.95
S [ L S
[29) | Bugussa [ 097 | 06
guianensis
[29] | Carupa 30 | 098 38
procera
[29] | Cecropw 29 | 092 RN
- L S SR S
(28] | Eperua 32 1078 4.1
Jalcata
129] | fymenaea 4 o9l 4.4
cotrbaril
129] | Iaga 34 094 44
thibaudiana
[29] | Pouteria 28 | 092 | 35
Ip.
[29] | Protium 31 | 094 4.0
opacum
[29] | Sextonia 30 | 099 38
rubra
(29] | Symphonia | 30 | 098 | 3.8
globulifera
[29] | Tachigali 23 | 097 28
melinonid
[29] | Vowacapou | 30 | 091 iR
o
americana
[25] | Birch 60 | 093 8.1
[251 | Wheat 72 [ 089 [98
{251 | Wheat. 45 | DEI 6
Dragon
1599
[25] | Wheat, 45 | 0OKS | 6
Lantvele
1999
[38] | Sugar 98 | 076 135
maple
[41] | Canola, 50 | 078 | 6.7
Wheat,




Barley,
Potato,
Com !
(SPAD- ‘
502)
{41} | Canola, 50
1 Wheat,

Barlcy,
Potato,
Com
(atlcaf+)

Total Weight ‘100

0on 67

TABLE VL. META-ANALYSIS OF CHLOROPNYLE CONCENTRATION
MHRASUREMENT USING ATLEAF= AND TCS230 SENSOR COMPARED TO
SPAD-502 As CorpaRISON

Study | Speci Statistics for Random Effcct Model
cuch study
- n r? w r min_| Max
[2] | Ckistant | 60 084 | 1.1 097 | 097 | 098
hus
[2] | Calamus | 60 073 111
[41] | Canola 20 0.86 | 43

{41] | Wheat 20 078 43
f41] | Barley 20 092 :43

{41} | Potato 20 090 ! 43
[41]) | Com 20 092 |43
1] Lettuce 10 0.86 1.8
[46). | Casava 295 0.97 | 744

Total Weight 100

V. CONCLUSION
Chiorophyll mcter measures chlorophyll conient at the
leaf level using transmittance and reflection modes. The most
widcly used mode for chlorophyll meters is transmittance
mode and SPAD-502 is the most widely used chlorophyll
meter. Mcta-analysis was carried out with two scenarios

namely the fimt meta-analysis of the measwrement of

chlorophyll content using SPAD-502, CCM-200, atLeaf +
comparcd 10 speclropholomelers as a comparison, and the
sccond mcta-analysis of thc mcasurcment of chlorophyll
content’ using atleaf+ and TCS230 sensors compared to
SPAD-502 as a comparison. Results from heterogencity tests,
both meta-analysis indicatc hctcrogencous rescarch results
therefore the analysis model 1o calculate the combined cffect
using the random effect model. The results show there were
significant corrclations between the values of SPAD-502 or
CCM-200 or atLEAF+ with spcctrophotometer valucs
(r=0.95) and there were significant correlations between
atleaf+ values or TCS230 scpsor values with SPAD-502
valucs (1—0 97). Sutisticaliiti¥he rclationship between the
measurement results of chlorophyll content using a
chlorophyll meter or spectral sensor and spectrophotometer is
significant because the confidence interval does not exceed
zero,

"?7 L V5§

In our fulure work, we will develop a low-cost device to
measure chlorophyll content.
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