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Abstract

Handheld spectroradiometers are used to estimate the canopy's reflective properties, the
condition of the plants. In this study, the potential use of three devices (SPAD, Greenseeker
and CM 1000 chlorophyll meter) was compared that can estimate indirect the chlorophyll
content of the leaves. The present research was established in four replications according to
the randomized complete block design in the rain-fed conditions of Diyarbakir in the growing
season of 2019. Seven barley cultivars were used as plant material. Chlorophyll
measurements from leaves were taken in 2 different plant growth periods (anthesis and milky
stage). Greenseeker showed changes between 0.51-0.75 in anthesis and 0.43-0.6 at milk stage.
SPAD varied between 30-47.3 in anthesis and 27.6-46.7 in milk stage. CM 1000 ranged from
217-548 in anthesis, 121-370 in milk. It was observed that the amount of chlorophyll in the
leaf decreased in the milk period compared to the anthesis period. Significant regression
relationships were determined with SPAD and greenseeker during anthesis R?= 0.194* and
greenseeker and grain yield at anthesis period R> = 0.151*. As a result of the study, a
significant relationship was found between only grain yield and greenseeker during the
anthesis period under rain-based conditions. It has been observed that there is no relationship
between other measuring portable devices and grain yield.
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YAGMURA DAYALI KOSULLARDA TANE VERIMINI TAHMIN ETMEK ICiN UC
FARKLI KLOROFIL METRENIN KULLANILABILME OLANAGI

Ozet

Elde taginan spektroradyometreler, bitki ortistintin yansitict 6zelliklerini, bitkilerin durumunu
tahmin etmek i¢in kullanmaktadir. Bu ¢alismada, bitki yapraklarinin klorofil igerigini dolayli
olarak tahmin edebilen Gi¢ cihazin (SPAD, Greenseeker ve CM 1000 klorofil olger) kullanimi1
potansiyel karsilastinlmistir. Bu arastirma, 2019 yili yetistirme sezonunda Diyarbakir da
yagisa dayali kosullarda tesadiif bloklar deneme desenine goére dort tekerriirli olarak
kurulmugtur. Bitki materyali olarak yedi arpa ¢esidi kullanilmistir. Yapraklardan klorofil
ol¢imleri 2 farkli bitki biiyime periyodunda (¢igeklenme ve siit olum donemi) alinmigtir.
Greenseeker, ¢igeklenmede 0.51-0.75 ve siit olum déneminde 0.43-0.60 arasinda degisim
gosterdi. SPAD, ciceklenmede 30-47.3, sit olum doneminde 27.6-46.7 arasinda deger
almigtir. CM1000, cigeklenmede 217-548, siit olum doneminde 121-370 arasinda degisim
gostermistir. Her ii¢ olgim aletiyle elde edilen yapraktaki klorofil miktarinin degerleri siit
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olum doneminde ¢iceklenme donemine gore azaldigr gorilmistir. Cigeklenme doneminde
SPAD ve greenseeker arasinda R2 = 0.194* ve c¢igceklenme doneminde greenseeker ve tane
verimi sirasinda R2 = 0.151* 6nemli regresyon iligkileri belirlenmigtir. Calisma sonucunda
yagmura dayali kosullarda ¢igeklenme déneminde sadece tane verimi ile greenseeker arasinda
olumlu ve 6nemli bir iligki bulunmustur. Diger tasinabilir 6lgim cihazlart ile tane verimi
arasinda onemli bir iligki olmadig1 gorilmiistir.

Anahtar Kelimeler: NDVI, SPAD, CM 1000, regresyon analizi, tane verimi

Introduction

Plant analysis is usually used as the standard method to evaluate nutritional status of plants.
However, laboratory plant analysis is costly and time-consuming. Tissue testing, such as
petiole nitrate concentration, assessed by selective electrodes (Sims et al. 1995) or test strips
(Rodrigues et al. 2005) and also measurements of chlorophyll via portable tools (Rodrigues et
al. 2006; Kizilge¢i and Yildinnm, 2019) may be valuable alternatives. The reflectance
characteristics of the canopy, evaluated by handheld spectroradiometers (Dunn et al., 2016),
imagery from satellite sensors (Gitelson et al., 2014) or digital cameras (Lopez-Bellido et al.
2012) have also been used to estimate nutritional status of plants. Portable sensors have
opened up a new technique to the acquisition of information on plant growth in a fast and
non-invasive manner. They are especially significant in annual crops in which the delay in
diagnosing, as is common in standard plant analysis, is not helpful in making in-season
fertilization adjustments (Rodrigues et al. 2005). Chlorophyll meters are quicker than tissue
testing for nitrogen. Samples can be taken frequently and repeated if the results are
questionable. The meters are used to evaluate leaf greenness, which is significantly related to
the chlorophyll content of leaf. Study shows a close correlation between chlorophyll content
of leaf and nitrogen content of leaf because a lot of the leaf nitrogen is contain in the
chlorophyll. There are at least two types of handheld chlorophyll meters available to measure
chlorophyll content of plant. One type (SPAD 502) uses thumb pressure to close a chamber
and measure light transmittance/absorbance (T/A) to determine chlorophyll content (Chen et
al., 2007). The SPAD-502 chlorophyll meter (Minolta Camera Co. Ltd., Japan), which
measures the transmittance of light through the leaf, has been widely used. Several researches
have shown a significant linear relationship between SPAD measurements and the laboratory
determination of the density of leaf chlorophyll. (Ibrahim and Jaafar 2013). The FieldScout
CM 1000 meter, more recently manufactured, evaluates by remote sensing the chlorophyll
content in the leaves based on the chlorophyll reflectance. Based on a point-and-shoot
technology, the FieldScout CM 1000 senses the light at different wavelengths displaying a
chlorophyll meter, which is proportional to the leaf chlorophyll content. The FieldScout CM
1000 chlorophyll meter was used to define the actual amount of N needed to optimize
playability and aesthetic quality in creeping bentgrass on golf greens by Lopez-Bellido et al.
(2012). Mahajan et al. (2014) have also found a strong association between FieldScout CM-
1000 chlorophyll meter and nitrogen concentration of leaf in the aromatic rice hybrid PRH-10
in India. The NDVI is successful in predicting photosynthetic activity, because this vegetation
index includes both near infrared and red light. Photosynthetic activity of the plant is
evaluated by chlorophyll content and activity. The relationship between leaf N and leaf
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chlorophyll has been demonstrated for maize (Chapman and Barreto, 1997) and wheat
(Evans, 1989).

In this study, the potential use of three devices to estimate the chlorophyll content of the
leaves was compared.

Material and Method

Field experiment was conducted during wheat seasons (2018/2019) at Diyarbakir, Turkey
(37°55'N, 40°15' E). Seven barley genotypes were used in the study. In this research, three
portable devices were used to estimate the leaf chlorophyll content: the SPAD-502 Minolta
chlorophyll meter, the FieldScout CM-1000 chlorophyll meter and Greenseeker (normalized
differences vegetation index). SPAD-502 measures the transmittance of light throughout the
leaf in two different wavelengths, 650 nm (red light, absorbed by chlorophyll pigments) and
940 nm (infrared light, not absorbed by chlorophyll). The FieldScout CM 1000 meter senses
light at wavelengths of 700 nm and 840 nm, measuring the ambient and reflected light at each
of those wavelengths. The GreenSeeker active optical sensor was used to determine spectral
reflectance from canopy expressed as NDVI. The sensor has self-illumination system in red
(656 nm) and near infrared (774 nm) wavelengths. The NDVI value (-1 to 1) is calculated
from the measured ambient and reflected light [(%Near Infrared - %Red) / (%Near Infrared +
%Red)] where NIR and Red are the fractions of near infrared and red radiation reflected back
from the crop canopy to the sensor, respectively. The NDVI values were measured by passing
the sensor above the canopy at 1 m height at slow walking speed. Leaf measurements were
taken during anthesis and milk stage. The relationship between the measured variables was
subjected to analysis of variance. When a significant correlation was found (p<0.05), the
coefficients of determinations were also estimated. Regression analyses were performed
following linear, on the pooled data of both growing stage using JMP 10.

Result and Discussion

Values of chlorophyll content of leaf measured with three chlorophyll measuring devices at
anthesis and milk stage of barley and analysis of variance are given in table 1.NDVI, SPAD
and CM-1000 readings mean values and the mean squares from analysis of variance given in
Table.1. Genotypic differences were significant (P<0.05and P<0.01) for all the parameters
studied except NDVI-M.

Maximum values of NDVI were observed in Kendal (0.58) and minimum values were
showed in Onder (0.69) at anthesis stages. The NDVI measured during the milk stage period
varied between 0.43 and 0.69. During the anthesis stage the SPAD readings varied between
30-47.3 values. SPAD reading values varied from 27.6 to 46.7 in the milk stage. The
chlorophyll value measured with CM-1000 at the anthesis stage had values in the range of 217
to 548. The amount of chlorophyll in the leaf, measured by CM-1000 chlorophyll meter,
varied between 121-370 values during the milk stage. In the study, it was observed that as the
plant growth stage improved, a decrease occurred in the chlorophyll content measured with all
three measuring instruments.

Table 1.Analysis of variance and NDVI, SPAD and CM-1000 readings the mean values in
seven barley genotypes during anthesis and milk stage
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Genotypes NDVI-(A) NDVI-(M) SPAD-(A) SPAD-(M) CM-1000(A) CM-1000(M)
Altikat 0.67ab 0.61 45.5a 39.65ab 339 302a

DZ12-1 0.61bc 0.54 39.8b 35.875abc 357.25ab 214.25bc
Kendal 0.58¢ 0.53 33.3¢ 31.275¢ 283.75b 305.25a
Onder 0.69a 0.55 37.1bc 37.65ab 438.75a 238.25abc
TBT16-13 0.68a 0.57 38.8b 34.625bc 298.75b 184¢
TBT16-14 0.62abc 0.53 38.7b 41.25a 324.75b 273.25ab
TBT16-15 0.68a 0.60 38.3b 34.95bc 309.5b 209bc

Means 0.65 0.56 38.8 36.5 336.0 246.6

Min. - Max. 0.51-0.75 0.43-0.69 30-47.3 27.6-46.7 217-548 121-370
Mean Square

A:Anthesis, M: Milk stage *,** p < 0.05 p < 0.01 significant respectively

It was determined that there was a positive relationship between SPAD and NDVI, CM-1000
and NDVI, and SPAD and CM-1000 with chlorophyll measuring devices at anthesis stage

(Figure 1).
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Fi gure 1. Relationship between NDVI, CM-1000 and SPAD readings in leaf samples taken from anthesis stage of barley genotypes.

It was determined that there was a positive relationship between SPAD and NDVI, CM-1000
and NDVI, and SPAD and CM-1000 with chlorophyll measuring devices at milk stage

(Figure 2).
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Figure 2. Relationship between NDVI, CM-1000 and SPAD readings in leaf samples taken
from milk stage stage of barley genotypes.

The relationship between NDVI measurements at anthesis and milk stage of barley measured
using GreenSeeker and grain yield followed exponential function with R*valueof 0.15and
0.06 (Figure 3). The function was significant (P<0.05) and GreenSeeker measurements could
explain 15% of variation in the grain yield. Grain yield of barley could be predicted from
NDVI measurements at anthesis stage. Raun et al. (2001) reported that relationships between
NDVI and grain yield of wheat were the highest at Zadoks 30-31 stages.
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Figure 3. Relationships between grain yield and NDVI readings from leaf samples of seven
barley genotypes taken in anthesis stage (A) and milk stage (B)

The relationship between chlorophyll measurements at anthesis and milk stage of barley
measured using SPAD 502and grain yield followed exponential function with R? valueof
0.0001and 0.029 (Figure 4).
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Figure 4. Relationships between grain yield and SPAD readings from leaf samples of seven
barley genotypes taken in anthesis stage (A) and milk stage (B)

The relationship between chlorophyll measurements at anthesis and milk stage of barley
measured using CM 1000and grain yield followed exponential function with R? value of

0.005and 0.078 (Figure 5).
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Figure 5. Relationships between grain yield and CM-1000 readings from leaf samples of
seven barley genotypes taken in anthesis stage (A) and milk stage (B)
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NDVI-A had positive and significant relationship with NDVI-M, SPAD-A and grain yield.
NDVI-M was positively and strongly associated with SPAD-A. SPAD-A had significant
correlation with SPAD-A (Table 2).

Table 2. Correlation coefficient among NDVI, SPAD, CM-1000 and grain yield in barley

genotypes in anthesis and milk stage.

INDVI(A) [NDVI(M) [SPAD(A) SPAD(M)  |CM-1000(A)  [CM-1000(M)
NDVI(Anthesis stage) 1
NDVI(Milk stage) 0.707%** 1
SPAD(Anthesis stage) 0.441%* 0.523%* 1
SPAD(Milk stage) 0416 0,273 0.603** 1
CM-1000(Anthesis stage) 0.251 0.152 0.152 0.246 1
CM-1000(Milk stage) -0.031 0.181 0.171 0.242 0.09 1
Grain Yield 0.388* 0.261 0.008 -0.172 0.28 -0.07

A:Anthesis, M: Milk stage *,** p < 0.05 p < 0.01 significant respectively

27-28 February, 2021

800

https://www.africansummit.org/

Abomey-Calavi, Benin




3. INTERNATIONAL AFRICAN CONFERENCE
ON CURRENT STUDIES

Conclusion

It was observed that the amount of chlorophyll in the leaf decreased in the milk period
compared to the anthesis period. Significant regression relationships were determined with
SPAD and GreenSeeker during anthesis R? = 0.194* and GreenSeeker and grain yield at
anthesis period R? = 0.151*. As a result of the study, a significant relationship was found
between only grain yield and GreenSeeker during the anthesis period under rain-based
conditions. It has been observed that there is no relationship between other measuring
portable devices and grain yield.

References
Chapman, S. C., & Barreto, H. J. (1997). Using a chlorophyll meter to estimate specific leaf nitrogen of
tropical maize during vegetative growth. Agronomy Journal, 89(4), 557-562.

Chen, J. C., Yang, C. M., Wu, S. T., Chung, Y. L., Charles, A. L., & Chen, C. T. (2007). Leaf
chlorophyll content and surface spectral reflectance of tree species along a terrain gradient in
Taiwan’s Kenting National Park. Stud, 48, 71-77.

Dunn, B., Shrestha, A., & Goad, C. (2016). Use of nondestructive sensors to quantify ornamental kale
nitrogen status. Journal of Plant Nutrition, 39(8), 1123-1130.

Evans, J. R. (1989). Photosynthesis and nitrogen relationships in leaves of C 3
plants. Oecologia, 78(1), 9-19.

Gitelson, A. A., Peng, Y., & Huemmrich, K. F. (2014). Relationship between fraction of radiation
absorbed by photosynthesizing maize and soybean canopies and NDVI from remotely sensed data
taken at close range and from MODIS 250 m resolution data. Remote Sensing of Environment, 147,
108-120.

Ibrahim, M. H., & Jaafar, H. Z. E. (2013). Relationship between extractable chlorophyll content and
SPAD values in three varieties of kacip fatimah under greenhouse conditions. Journal of plant
nutrition, 36(9), 1366-1372.

Kizilgegi, F., & Yildinm, M. (2019). Durum Bugdayin Basaklanma Dénemine ait Bazi Fizyolojik
Olgumlerin Verim ve Kalite Ozellikleriyle lligkilerinin Belirlenmesi. Tirk Tarim ve Doda Bilimleri
Dergisi, 6(4), 777-785.

Lopez-Bellido, R. J., Lépez-Bellido, L., Fernandez-Garcia, P., Lopez-Bellido, J. M., Mufioz-Romero,
V., Lopez-Bellido, P. J., & Calvache, S. (2012). Nitrogen remote diagnosis in a creeping bentgrass golf
green. European Journal of Agronomy, 37(1), 23-30.

Mahajan, G. R., Pandey, R. N., Kumar, D., Datta, S. C., Sahoo, R. N., & Parsad, R. (2014).
Development of critical values for the leaf color chart, SPAD and FieldScout CM 1000 for fixed time
adjustable nitrogen management in aromatic hybrid rice (Oryza sativa L.). Communications in soil
science and plant analysis, 45(14), 1877-1893.

Raun, W. R., Solie, J. B., Johnson, G. V., Stone, M. L., Lukina, E. V., Thomason, W. E., & Schepers,
J. S. (2001). In-season prediction of potential grain yield in winter wheat using canopy
reflectance. Agronomy Journal, 93(1), 131-138.

Rodrigues, M. A., Coutinho, J., Martins, F., & Arrobas, M. (2005). Quantitative sidedress nitrogen
recommendations for potatoes based upon crop nutritional indices. European Journal of
Agronomy, 23(1), 79-88.

Rodrigues, M. A., Pereira, A., Cabanas, J. E., Dias, L., Pires, J., & Arrobas, M. (2006). Crops use-
efficiency of nitrogen from manures permitted in organic farming. European journal of
agronomy, 25(4), 328-335.

Sims, J. T., Vasilas, B. L., Gartley, K. L., Milliken, B., & Green, V. (1995). Evaluation of soil and plant
nitrogen tests for maize on manured soils of the Atlantic Coastal Plain. Agronomy Journal, 87(2), 213-
222,

27-28 February, 2021 https://www.africansummit.org/  Abomey-Calavi, Benin
801



