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thermal stability, membrane injury, and relative water content of flag leaf were evaluated. The study
was conducted in the Application and Research Area of Siran Vocational School of Gumushane
University in the growth season of 2010-2011. Chlorophyll content of genotypes were measured by
a portable chlorophyll meter at the start of anthesis (ZGS 60) and the early milky stage (ZGS 73).
The mean chlorophyll content of the tested genotypes at ZGS 60 was 45.6 as SPAD unit, and ranged
from 39.1 for line 51 to 54.0 for line 42. Chlorophyll content as the mean of all genotypes at ZGS
73 was 41.8 as SPAD unit. Mean chlorophyll content of the genotypes at this growth stage ranged
between 35.2 for line 27 and 50.9 for line 44. The mean pigment loss was the percent of 8.3 as an
average of all genotypes. The chlorophyll loss ranged between 1.7 % for line 75 and 19.2 % for line
32. The statistically significant correlations between chlorophyll contents and main yield components
like grain number per spike and spike yield were obtained at both measuring stages. The significant
correlation between chlorophyll loss and chlorophyll content was positive at ZGS 60, but negative
at ZGS 73. These results show that determination of flag leaf chlorophyll content in winter wheat is
important selection criteria for yield components in breeding programs.

Keywords: Chlorophyll content, Senescence, MTS, RWC, Winter wheat

OZET

Bu ¢aligmada, kislik ekmeklik bugdayda bayrak yaprak klorofil igerikleri ile tarimsal 6zellikler ve
membrane termostabilitesi, membrane hasar indeksi ve bayrak yaprak oransal su igerigi arasindaki
iligkiler incelenmis olup; caligma, 2010-2011 yetistirme sezonunda Giimiishane Universitesi,
Siran Mustafa Beyaz MYO uygulama alaninda yapilmistir. Genotiplerin klorofil igerigi, klorofil
metre ile ¢igeklenme baslangici (ZGS 60) ve erken siit olum (ZGS 73) dénemlerinde 6lgiilmiistiir.
Genotiplerin korofil ierikleri ortalamas1 ZGS 60 doneminde 45.6 SPAD birimi olarak ol¢tilmiis olup;
genotiplere gore 39.1 (line 51) ile 54.0 (line 42) arasinda degisim gostermistir. ZGS 73 doneminde
ise genotiplerin klorofil igerigi ortalamasi 41.8 olup; genotiplere gore 35.2 (line 27) ile 50.9 (line 44)
arasinda degismistir. Genotiplerin klorofil kaybi, ortalama %8.3 olup; genotiplere gore %1.7 (line
75) ile %19.2 (line 32) arasinda dagilim gostermistir. Her iki 6l¢tim doneminde, klorofil igerikleri ile
basakta dane sayisi ve bagak verimi gibi verim ana komponentleri arasinda istatistiksel olarak 6nemli
iligkiler bulunmustur. Klorofil igerikleri ile klorofil kayb: arasindaki iligki, ZGS 60'da olumlu, ZGS
73’te olumsuz bulunmustur. Sonuglar, kislik bugdayda bayrak yaprak klorofil igerigi tayininin 1slah
programlarinda verim komponentleriyle iliskisi bakimindan 6nemli bir seleksiyon kriteri oldugunu
gostermektedir.

Anahtar sozciikler: Klorofil ierigi, Yaslanma, MTS, RWC, Kislik bugday
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1. Introduction

Chlorophyll is an important photoreceptor pigment
that absorbs light energy and transfers energy to the
photosynthetic system [1]. Chlorophyll content is used
for the determination of stay green or leaf senescence
in agricultural research. It has noted that stay green or
delayed senescence traits of wheat play an important key
role in grain filling under limited assimilation conditions
that are affected by drought and heat stress [2]. Some
researcher suggested that healthy stay-green crops had
the capacity to produce high yields [3]. The stay green
characteristic in wheat, which is related to maintaining
green leaf area, [4] has been improved to increase the
grain yield in wheat. It has reported that modern bread
wheat lines, which lack natural stay green characteristics,
become senescent more rapidly than ancient wheat lines
that had high stay green characteristics; thus, the authors
stressed the utility of ancient wheat strains in improving
the stay green capabilities of modern wheat lines [5].

Many methods can be wused to determine

crop greenness. Initially, organic extraction and
spectrophotometry was used to identify chlorophyll
concentration measured in units of mg g™ [6]. Later,
digital camera which was based on the calculation of
the Green/Red index for the estimation of the crop
greenness was used [7]. Numerical image analysis (NIA)
technique was used with the similar goal in evaluating
leaf greenness [8]. Several researchers used chlorophyll
meters to determine the greenness index [9-11].
Nondestructive optical instruments such as Soil Plant
Analysis Development (SPAD) 502 and Chlorophyll
Content Meter (CCM 200) provide a chlorophyll index
that is expressed in relative chlorophyll content, but
do not provide a quantitative result per unit leaf area
or per area of fresh leaf tissue. These methods are non-
destructive, less expensive, rapid, and adaptable to field
conditions [12] and they were also used to determine
chlorophyll content in various crops such as corn [12],
rice [13], soybeans [12], tobacco [14], wheat [10,15], and
potatoes [16].

In this study, the effects of changes in chlorophyll
content at the beginning of anthesis to early milky
developmental stages were evaluated in relation to
agronomical (grain yield, heading time, plant height,
spike length, grain number per spike, spike yield,
thousand kernel weight) and physiological (relative
water content, membrane injury, membrane thermal

stability) traits.

2. Material and Methods
2.1. Plant materials and growing conditions

Field trial was conducted at the Application and
Research Areaofthe Siran Vocational School, Gumushane
University, Turkey during the 2010-2011 growing season.
Sixty winter bread wheat genotypes which included 59
lines and a standard (Gun-91 cv) were used as research
material. Wheat lines were provided from CIMMYT
(International Maize and Wheat Improvement Center).
Sowing was done by hand with 2 m row length and 22.5
cm row space per genotype on September 25, 2010. Plants
were grown under organic (minimum input) conditions.
According to the meteorological data, wheat genotypes
received 79.4 mm rainfall, 20.45 °C mean temperature,
and 56.2% relative humidity during the heading to grain
filling period and total rainfall was 451.4 mm during the
growth season.

2.2. Data Collection

Phenology of the crops was observed and recorded
using the Zadoks Growth Scale (ZGS), which was
developed by [17]. Agronomical traits (heading time,
plant height, spike length, grain numbers per spike,
grain yield, thousand kernel weight) were determined
according to the standard methods.

Chlorophyll content was measured as SPAD units
with a handheld chlorophyll meter (SPAD 502 Plus) at
two growth stages (beginning of anthesis, ZGS 60; 16
June, 2011 and early milk stage, ZGS 73; 5 July, 2011).
Both were determined at the mid-point of each intact
flag leaf from ten main stems in each genotype and
recorded by chlorophyll meter in SPAD units. Canopy
temperatures of the genotypes were determined as the
mean of three measurements by handheld infrared
thermometer within the day (11:00, 12:00 a.m., and 13:00
p-m.; on 5 July, 2011) at ZGS 73. Relative water content
(RWC) was calculate by the following standard formula:

RWC (%) = (Fresh Weight - Dry Weight) * 100 /

1
(Turgid Weight - Dry Weight) )

Membrane thermal stability was measured by two
different equations of [18].

a) Membrane Injury (ML, %) = 1-[(1-(T/T)))/ @)
(1-(C,/C))*100
b) Membrane Thermal Stability (MTS, %) = [1-

(T /T )]*100 )
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On the upper equations **, while C and T refer to
electrical conductivity (EC) of control and heat treated
samples, 1 and 2 refer to EC readings before and after
boiling.

2.3. Data Analysis

Mean value, ranges (max and min values), and
standard deviations for each trait were calculated on the
excel program. Also, correlations among all traits were
determined by JMP.

3. Results and Discussion

The mean chlorophyll content of the tested genotypes
at ZGS 60 was 45.6 as SPAD unit, and ranged from 39.1
for line 51 to 54.0 for line 42. Chlorophyll content as the
mean of all genotypes at ZGS 73 was 41.8 as SPAD unit.
Mean chlorophyll content of the genotypes at this growth
stage ranged between 35.2 for line 27 and 50.9 for line
44. The mean pigment loss was 8.3 % as an average of all
genotypes and it ranged between 1.7 % for line 75 and
19.2 % for line 32 (Table 1).

The statistically positive significant correlations were
obtained between chlorophyll contents and main yield
components like grain number per spike (r = 0.338*%,
P<0.01 at ZGS 60; r = 0.255%, P<0.05 at ZGS 73) and
spike yield (r = 0.266*, P<0.05 at ZGS 60; r = 0.288%,

P<0.05 at ZGS 73) (Table 2). The significant positive
correlations between SPAD values and grain numbers
per spike at heading time and milky grain development
stage of durum wheat under rainfed conditions were
reported by [19]. Correlation of the chlorophyll content
with chlorophyll loss was positive (r = 0.330**, P<0.01)
at ZGS 60, but negative (r = -0.293*, P<0.05) at ZGS 73
(Table 2). This result clearly shows that the genotypes
with slow senescence and the lowest chlorophyll loss
were able to retain their stay green characteristics best;
in other words, for high stay green or slow senescence,
genotypes with lower Spad values at ZGS 60 (beginning
of anthesis) or with higher Spad values at ZGS 73 (early
milky ripeness) must be selected in breeding programs.
Chlorophyll loss was also negatively associated with
relative water content (r = -0.407**, P<0.01) and plant
height (r = -0.319%, P<0.01). Plant height was also
negatively correlated with chlorophyll contents at ZGS
60 (r = -0.460**, P<0.001) and ZGS 73 (r = -0.267%,
P<0.05) (Table 2). Also, canopy temperature showed
negative significant correlations with grain yield (r =
-0.304*, P<0.05) and plant height (-0.269*, P<0.05). The
strong negative significant associations (r = -0.647**%,
P<0.001) between canopy temperature and grain yield
of spring bread wheat were found by [20]. Apart from
all these, membrane thermal stability a heat tolerance
parameter was positive significantly associated with
thousand kernel weight (r = 0.252%, P<0.05).

Table 1: Mean values, ranges, and standart deviations of 60 winter bread wheat genotypes for chlorophyll based

traits, agronomical and physiological characters.

Traits Mean of genotypes : Range Standard Deviation
Min. Max.
Chl - I (SPAD Unit) 45.6 39.1 54.0 3.63
Chl - IT (SPAD Unit) 41.8 35.2 50.9 3.29
Chlorophyll Loss (%) 8.3 1.7 19.2 4.44
Heading Time (days) 161 154 171 3.57
Plant Height (cm) 87.5 65.8 137.0 12.68
Spike Length (cm) 9.7 7.3 14.4 1.18
Grain no per Spike (no) 46.0 24.0 66.0 9.98
Spike Yield (g) 2.01 0.94 8.09 0.96
Thousand Kernel Weight (g) 40.88 31.80 49.17 3.24
Grain Yield (t ha') 6.19 2.01 11.44 2.25
Canopy Temperature (°C) 24.71 22.45 27.05 1.07
Relative Water Content (%) 88.0 66.7 95.4 5.36
Membrane Injury (%) 73.05 30.48 92.8 14.98
Membrane Thermal Stability (%) 24.44 6.89 64.96 13.77

Chl - 1, chlorophyll content at ZGS 60; Chl - II, chlorophyll content at ZGS 73.
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Table 2: Correlation coefficients between chlorophyll content, chlorophyll loss, agronomical and physiological traits

(n = 60).
Traits ChI-I CL HT PH SL GNPS SY TKW GY CT RWC MI MTS
Chl-1 805" 330" .137 - 460" 204 338" 266° 088 .02 058 .136 215 017
ChI-II 2293 229 - 267 212 255 288 067 -.176 066 121 159 - 014
CL S132 -319° -016 143 -021 044 109 -019 -.407° 107 000
HT S123 274" 156 -083 -.112 -.095 -094 217 229 -.080
PH 005 -.169 -208 -088 066 -269° 166 -.103 -.028
SL 6407 168 -.117 -.108 -.063 045 -.077 - 061
GNPS 438" - 086 -255° 027 -.154 043 009
SY 044 -.163 057 -201 048 000
TKW S202 -.151 -027 -244 252°
GY - 304" 156 - 004 -.150
CT 182 186 089
RWC 034 -.198
MI 070

Chl - I, chlorophyll content at ZGS 60; Chl - II, chlorophyll content at ZGS 73; CL, chlorophyll loss; HT, heading time; PH, plant
height; SL, spike length; GNPS, grain number per spike; SY, spike yield; TKW, thousand kernel weight; GY, grain yield; CT, canopy
temperature; RWC, relative water content; MI, membrane injury; MTS, membrane thermal stability; *p < 0.05; **p < 0.01.

4. Conclusion

In this study which has examined the relationships
among flagleaf chlorophyll contents of some winter wheat
genotypes, agronomical traits, and some physiological
characters such as canopy temperature, membrane
injury,
water content of flag leaf. The statistically significant

thermal stability, membrane and relative
correlations between chlorophyll contents and main
yield components like grain number per spike and spike
yield shows the importance of chlorophyll pigment of the
wheat genotypes. Also, it is clearly understood from the
findings that the genotypes with slow senescence and the
lowest chlorophyll loss were able to retain their stay green
characteristics best. Chlorophyll loss was also negatively
associated with relative water content and plant height.
Thus, the study exhibits the utility of chlorophyll content
into wheat breeding programs. Also, canopy temperature,
membrane thermal stability and relative water content

must be preferred as breeding parameters.
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