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Abstract: In vitro assessments of chlorophyll content are expensive, laborious and time consuming. The
alternative methods which are more rapid and straightforward could be very useful. The aim of this study was
to investigate the effects of water stress on chlorophyll content and SPAD Chlorophyll Meter Reading (SCMR)
and the relationship between chlorophyll content and SCMR under well-watered and drought conditions. Ten
sugarcane genotypes (Uthong 6, Khon Kaen 80, K86-161, Khon Kaen 3, 03-4-425, KU60-1, Phull 66-07, B34-164,
Uthong 2 and LF82-2122) and two water regimes (well-watered control and water stress at early growth stage)
were laid out in factonial experiment i a randomized complete block design with two replications. Drought was
umposed to the crop for 10 days during 90 days after transplanting (DAT) to 100 DAT. Data were recorded for
total chlorophyll content by N, N-dimethylformamide extraction and SCMR on the second fully expanded leaf
from the top at 90 DAT, 100 DAT and 110 DAT. Drought sigmficantly reduced chlorophyll content and SCMR.
The reduction in chlorophyll content was more severe than SCMR. Similar responses of sugarcane genotypes
to drought and well-watered conditions were observed for chlorophyll content and SCMR. The breeding line
03-4-425 and the cultivars KUJ60-1 were identified as the best genotypes for chlorophyll content and SCMR.
The correlation coefficients between chlorophyll content and SCMR were significant under well-watered
conditions and the relationships were more strong and consistent under drought and drought relief. The SCMR

can be used for evaluation of chlorophyll content under different water regimes.
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INTRODUCTION

Sugarcane (Saccharum officinarum L.) is known as
an effective crop for biomass production and it 1 used
mainly for sugar production and bio-fuel. Tn order to have
a good biomass production, sugarcane crop must produce
high yield of cane and high quality of juice. These
biomass cane products, however, seem to be greatly
reduced by drought stress (Wiedenfeld, 2000).

The effect of drought on sugarcane is that it reduces
gas exchange between leaf and outside air primarily by
leaf stomatal closure, leading to restriction of CO,
diffusion (Zlatev and Yordanov, 2004). Despite harsh
condition like drought, plant grown in semi-dryland has
photosynthetic apparatus that are remarkably resistant to
leaf dehydration. This allows sugarcane to be quite
resistant to drought and can maintain the photosynthetic
capacity under drought condition (Zlatev and Yordanov,
2004).

Photosynthetically active radiation is absorbed by
chlorophyll and accessory pigments of chlorophyll-
protein complexes and it migrates to the reaction centers
of PS I and II, where the conversion of the quantum
photosynthetic process takes place (Rong-hua et al,
2006). Analysis of chlorophyll content is important
for evaluating the health or integrity of the internal
apparatus during photosynthetic process within a leaf
(Rong-hua et al., 2006; Clark et af., 2000) and provides a
rapid and accurate techmque of detecting and quantifying
plants tolerant to drought stress (Rong-hua et al., 2006;
Percival and Sheriffs, 2002).

Leaf chlorophyll concentration is determined directly
by using organic extracting solvents such as acetone
(Efeoglu et al., 2009; Ting et al., 2009; Liu et al., 2008),
methanol (Cenkei et «l, 2010), dimethylsulphoxide
(DMS0) (Netto et al., 2005) and N, N-dimethylformamide
(DMF) (Cubas et al, 2008) and Chlorophyll content is
subsequently measured in a spectrophotometer. Such
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in vitro assessments are expensive, laborious and time
consuming. Therefore, the alternative methods which are
more rapid and straightforward could be very useful for
estimating leaf chlorophyll concentration.

A Chlorophyll Meter SPAD-502 is used for measuring
the absorbance of the leaf in two regions, a red 650 nm
and an infrared 940 nm (Minolta, 1989). The SPAD
Chlorophyll Meter Reading (SCMR) can be recorded on
intact leaves at any time throughout the growing process
of the leaves (Minolta, 1989). The SCMR was suggested
for a rapid assessment of chlorophyll content in many
crops, such as corn (Rostami et al., 2008) and papaya
(Netto et al, 2002). The SCMR has been positively
correlated with chlorophyll content in Amaranthus viitus
L., a common weed (Kapotis ef al, 2003), soybean
(Monje and Bugbee, 1992), cutleaf coneflower
(Neufeld et al., 2006), rice (Turner and Tund, 1991), coffee
(Netto et al., 2005), Lindera melissifolia (Hawkins et al.,
2009) birch and wheat (Uddling et al., 2007) across a range
of plant ages, growing conditions and genotypes. Good
association between SCMR and chlorophyll content
under a range of water regimes has also been reported in
peanut (Arunyanark et al, 2009), wmter wheat
(Barraclough and Kyte, 2001) and sorghum (Xu ef al,
2000).

In sugarcane, Silva et al. (2007) reported that long
term drought of 90 days reduced SCMR and the reduction
was more severe 1n leaves of susceptible genotypes. They
also found that SCMR could identify drought tolerant
genotypes correctly. However, they studied in few
sugarcane genotypes and under long term drought
conditions.

Sugarcane under rainfed conditions can impose to
short period of drought and then recover from drought.
The question underlying the investigation is that there
would be differential responses for SCMR and chlorophyll
content among a wide range of sugarcane genotypes to
water stress and recovery from the stress and the
relationships between SCMR and chlorophyll content
under these conditions have not been well researched.
The objectives of this study was to investigate the effects
of water stress on chlorophyll content and SCMR and the
relationship between chlorophyll content and SCMR m a
range of sugarcane genotypes across available soil water
regimes.

MATERIALS AND METHODS

Plant culture and stress treatment: Ten sugarcane
breeding lines and cultivars (Uthong 6, Khon Kaen 80,
K86-161, Khon Kaen 3, 03-4-425, KU60-1, Phill.66-07,
B34-164, Uthong 2 and LF82-2122) kindly provided by the
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Khon Kaen Field Crops Research Center, Khon Kaen,
Thailand were used in this study during January to May
2009 at Khon Kaen University.

The pot experiment was undertaken under
greenhouse conditions. The plastic containers with
27.5 cm in diameter and 35.0 cm in height were filled
with 22 kg of dry soil to create uniform bulk density of
1.5 g cm ™ from the bottoms of the containers to 10 cm
below the top of the pots. The soil consisted of sand
(73.03%), silt (22.67%), clay (4.30%) and organic matter
(0.25%) and was identified as sandy loam. The soil
chemical properties were pH 5.0, total mitrogen 0.040%,
available phosphorus 72 ppm and extractable potassium
67 ppm. The soil moisture contents were 11.5% at
Field Capacity (FC) and 2.67% at permanent wilting poit
(PWO).

The seed canes of 10 cultivars were cut into short
pieces each of which had one active bud and they were
pre-germinated in germinating trays containing moisten
absorbent paper. The umformly-germinated seed canes
were then planted in the plastic containers. There was a
plant in each pot.

A factonal expenment in a randomized complete block
design with two replications was carried out n a
greenhouse during January to May 2009 at the Field Crop
Research Station of Khon Kaen University located in
Khon Kaen province. Two water regimes (field capacity
and drought stress followed by recovery) were assigned
as factor A and 10 sugarcane cultivars were assigned as
factor B.

Water was supplied daily to the experiment at field
capacity level from transplanting to 90 days after
transplanting (DAT) and the amount of water was
calculated as described previously (Songsm et al., 2009).
After 90 DAT, water level at field capacity was maintained
throughout the experiment for well-watered control. For
drought treatment, water was withheld at 90 to 100 DAT.
Re-watering was applied after 100 DAT and the stressed
treatments were maintained at field capacity.

Calculation of total crop water use for each water
treatment was calculated as the sum of transpiration and
soil evaporation. Crop water requirement
calculated using the equation as described previously
(Songsri ef al., 2009):

was

ET,, =ET,xK,

Where:
ET .y = Crop water requirement (mm day™)

ET, =Evapotranspiration of a reference plant under
specified condittons calculated by  pan
evaporation method
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K. = Crop water requirement coefficient for sugarcane,

which varies with genotype and growth stage

c

Surface evaporation (E,) was calculated as described
previously (Songsri et al., 2009):

— | Ba
E, fﬁX[ t }
Where:

E, = Soil evaporation (mm)

B =Light transmission coefficient measured depending
o1 Crop cover

E, = Evaporation from class A pan (mm day™")

t = Days from the last imigation

Soil moistures content were measured by gravimetric
method at 90 DAT, 100 DAT and 110 DAT.

SPAD readings and chlorophyll extraction: Soil moisture
content, chlorophyll concentration and SCMR were
observed before the imposition of drought (90 DAT), after
drought (100 DAT) and drought recovery (110 DAT). Soil
moisture content was measured i order to monitor 1if the
water treatments were controlled properly.

The SCMR was measured on the second fully
expanded leaf from the top of the main stem of each plant
using an SPAD-502 meter (Minolta SPAD-502 meter,
Tokyo, Japan). The data points were recorded at six
positions along the length of the leaf blade and then the
data points were averaged as a single value. Care was
taken to ensure that the SPAD meter sensor fully covered
the leaf lamina and the interference from veins and midribs
was avolded.

The chlorophyll content in leaves was measured by
the method described by Moran (1982). Briefly, the
second fully-expended leaf was taken from the stem
and then the leaf blade was cut into two small leaf
discs with the area of 1 cm’ using a cork borer. The
leaf discs were placed in a vial contaning 5 ml. DMF
(N, N-dimethylformamide) and then incubated for 24 h in
the dark. A 3 mlL of chlorophyll extract was
spectrophotometrically (Jasco V530 UV/VIS Spectrometer,
Jasco, Japan) measured at 647 and 664 mm, respectively.
The equations to calculate for total chlorophyll (Chl t),
chlorophyll a (Chl a) and chlorophyll b (Chl b) were as
follows: Chla=1264A,,, —2.99 A, Chlb=-56 A, +
2324 Ay, Chl t = 7.04 A, +20.27 A .. expressed in

2

Lg cm™ .

Statistical analysis: Analysis of vanance was performed
for chlorophyll content and SCMR according to a factorial
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design. Where main effects were significant, Duncan’s
Multiple Range Test (DMRT) was used to compare means
(Hoshmand, 2006). Correlation coefficients between
chlorophyll content and SCMR were calculated to
understand the relationship between chlorophyll content
and SCMR.

RESULTS

Soil moisture content: At 90 DAT, soil moisture contents
for both non-stressed treatment and stressed treatment
were maintained at field capacity and, therefore, the soil
moisture contents were rather similar being 12.4% for
non-stressed treatment and 12.0% for stressed treatment
compared to 11.5% of calculated soil moisture content
(Fig. 1). At 100 DAT when drought was wnposed to the
crop for 10 days, the soil moisture content of stressed
treatment 3.9% which was near permanent
wilting point (2.6%), whereas soil moisture content of
non-stressed treatment was 11.7%. At 110 DAT when the
stressed crop fully recovered, the soil moisture content of

was

stressed treatment was 13.0%, whereas the soil moisture
content of non-stressed treatment was 10.5%.

Effected of soil water deficit and recovery on chlorophyll
content and SCMR: At the end of drought period of
10 days (100 DAT), drought significantly reduced
chlorophyll content and SCMR (Table 1), the reductions
were from 6.64 to 3.78 pg em™ for chlorophyll content
and 33.06 and 27.36 for SCMR. The data showed that
reduction in chlorophyll content was much greater than
SCMR. However, the water regimes were not significantly
different in chlorophyll content and SCMR both before
the imposition of drought and after recovery.

157 mpc OWs
g 121
g 9-
:g 6-
@3-
90 DAT " 100 DAT 110 DAT
before stress Stress TECOVETY

Fig. 1. Soil moisture content (%) in two water regimes
(well-watered (FC) B and water stress (WS) O ) at
90 days after transplanting (DAT), 100 DAT and
110 DAT
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Table 1: Chlorophyll content and 8PAD chlorophyll meter reading (SCMR) of 10 sugarcane cultivars at 90 DAT, 100 DAT and 110 DAT

Chlorophyll content {ug cm=2) SCMR
Treatment 90 DAT 100DAT 110DAT 90 DAT 100 DAT 110DAT
Soil moisture
FC 5.43A 6.64A 6.86A 33.23A 33.00A 33.44A
Stress 5.95A 3.78B 6.30A 32.89A 27.36B 31.64A
F-test NS o NS NS o NS
Cultivars
Uthong 6 6.08abc 5.50ab 7.32b 36.58abc 31.78a 35.92ab
Khon kaen 80 5.22bcd 4.28bc 6.08bcd 33.40bcd 31.90a 33.30bc
K86-161 6.33abc 5.51ab 6.76bc 33.00bcd 31.65a 35.95ab
Khon kaen 3 6.16abe 5.14abc 5.95bcd 34.18abed 30.38ab 31.63bc
03-4-425 T.65a 6.07a 9.21a 37.30ab 34.05a 39.55a
KU60-1 6.51ab 5.78a 7.47b 38.25a 33.20a 36.73ab
Phill.66-07 3.93d 4.28bc 4.89d 30.38d 26.18b 31.20bc
B34-164 6.18abc 4.07c 5.23cd 23.88e 20.55¢ 21.58d
Uthong 2 4.07d 5.89a 7.05b 30.98d 30.70ab 29.63c
LF82-2122 4.77cd 5.59ab 5.85bcd 32.68cd 31.68a 29.90¢
F_test L Bl sesfe L sesfe L
AxB NS NS NS NS NS NS
CV (%) 18.96 17.81 17.06 8.80 11.46 11.89

NS, *** Non significant and significant at p<0.05 and 0.01 probability levels, respectivety. Means in the same colurmn with the same letters are not different

by 95%LSD

Because the mteractions between cultivar and water
regime were not significant for both chlorophyll content
and SCMR, the data were then combined and reported as
the averages of two water regimes. Significant differences
among sugarcane cultivars were observed for chlorophyll
content and SCMR at all evaluation times. The cultivars
showed some differential responses for chlorophyll
content and SCMR when the ranks of the cultivars were
compared. However, combined analysis across different
times of evaluation was not performed.

Across the experiment, the range of chlorophyll
content was between 3.93 and 9.21 ug cm ™, whereas the
range of SCMR was between 20.55 and 39.55. The
breeding line 03-4-425 had the highest chlorophyll content
(6.07 ug cm™) and SCMR (34.05) at 100 DAT, the
breeding line B34-164 had the lowest chlorophyll content
(4.07ug em™) and SCMR (20.55). When the crop
recovered from drought (110 DAT), the line 03-4-425 was
also the highest for chlorophyll content (9.21 pg cm™)
and SCMR (39.55), whereas the cultivar Phill. 66-07 was the
lowest for chlorophyll content (4.89 pg cm™) and the line
B34-164 was the lowest for SCMR (21.58). The line
03-4-425 also had the highest chlorophyll content
(7.65 pg em ™) under well-water conditions. It should be
noted that the cultivars with high chlorophyll content
under drought and after recovery alse had lugh potential
for these characters under well-watered conditions.

Relationship between chlorophyll content and SCMR:
The correlation coefficients between chlorophyll
content and SCMR were calculated from the means of
10 sugarcane cultivars at 90 DAT, 100 and 110 DAT. At
90 DAT, when drought was not imposed to the crop, the
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Fig. 2: Relationship between total chlorophyll content
(g cm™) and SPAD chlorophyll meter
reading (SCMR) at 90 days after transplanting
(DAT). r = correlation coefficient (n = 10),
**sigmificant at p<0.01 level

correlation coefficient between chlorophyll content and
SCMR was positive and significant (r = 0.78, p<0.01)
(Fig. 2).

At 100 DAT, when the drought session was ended,
the correlation coefficients were calculated separately for
well-watered treatment and drought treatment. The
correlation coefficients between chlorophyll content and
SCMR were positive and sigmificant for both water
regimes and the comrelation coefficient for drought
conditions (r= 0.90, p<0.05) was much higher than that for
well-watered conditions (r=0.74, p<0.01) (Fig. 3). Drought
group and well-watered group were clearly separated.

At 110 DAT, when the crop recovered from drought,
the correlation coefficients between chlorophyll content
and SCMR were not significant for well-watered
treatment (r = 0.46) but sigmficant for drought treatment
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Fig. 3: Relationship between total chlorophyll content
(bg ecm™® and SPAD chlorophyll meter
reading (SCMR) at 10 days after dehydration
(100 DAT) r = correlation coefficient (n = 10)
*and **sigmificant at p<0.05 and 0.01 level,
respectively
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Fig. 4 Relationship between total chlorophyll content
(ng cm™) and SPAD  chlorophyll  meter
reading (SCMR) at 10 days after recovery (110
DAT) r = correlation coefficient (n = 10),
**gignificant at p<0.01 level

after re-watering (r = 0.84, p<0.01) (Fig. 4). This could be
due to the differential responses of sugarcane genotypes
to drought. Some genotypes had slow recovery and some
genotypes had rapid recovery.

DISCUSSION

Plants respond to drought differently for chlorophyll
content. In most plant species, chlorophyll 15 generally
sensitive to drought (Rong-hua et al, 2006). However,
drought can increase chlorophyll content in some cases
(Mensah et al., 2006) or has no detrimental effect on
chlorophyll content (Schlemmer et @f., 2005). In this study,
drought significantly reduced chlorophyll content and
SCMR and the reduction in chlorophyll content was more
severe than that in SCMR. The findings support previous
findings that chlorophyll in sugarcane is sensitive to
drought (Silva ef al., 2007). However, drought increases

chlorophyll content in sesame (Mensah et al., 2006) and
chlorophyll density mn peanut (Arunyanark ef al., 2009),
but had no detrimental effect on chlorophyll content in
comn (Schlemmer et al., 2005). The contrasting results
could be possibly due to the differences in degrees of
drought, plant species and the timing of drought imposed
to the crops.

The interactions between sugarcane cultivar and
water regime for chlorophyll content and SCMR were not
significant across evaluation times from 90to 110 DAT.
Nigam and Aruna (2008) suggested that SCMR is easy to
operate, reliable and fairly stable and low cost. They also
found low genotype x time of observations. Therefore,
these characters are simpler than cane vield in terms of
low genotype by environment interaction and these
characters might be used as surrogate traits for drought
resistance.

Although, number of sugarcane genotypes used 1n
the experiment was small, differences among sugarcane
cultivars for chlorophyll content and SCMR were
observed. The results indicated that the variations in
SCMR and chlorophyll content existed in these sugarcane
genotypes. Silva et al (2007) also found that stalk
productivity was highly correlated with SCMR and some
sugarcane cultivars showed better growth and
productivity with limited soil moisture. Andrew et al.
(2000) reported that sorghum hybrids possessing the
stay-green trait had a significant yield advantage under
postanthesis  drought compared with hybrids not
possessing this trait. Similarly, genetic variations in
SCMR were also reported in durum wheat and barley
(Giunta et al., 2002).

However, 10 sugarcane genotypes showed similar
responded to both under fully-irrigated and drought
conditions and recovery after drought mmposition as they
had similar reductions under drought and similar increases
after drought relief.

The results indicated that the sugarcane genotypes
responded similarly to drought stress and selection of
genotypes for high chlorophyll content and SCMR
should be straight forwards and should be similarly
effective under both drought and full-irrigated conditions.

The cultivar showing consistently high chlorophyll
content and SCMR could be readily identified. The
genotypes 03-4-425 and KU60-1 performed best for these
characters under both well-watered and drought and after
drought conditions. The results revealed that drought
may be not necessary for evaluation of sugarcane
genotypes because either selection under drought or well-
irrigated conditions the results were similar. However,
screening of a large number of sugarcane genotypes
under field conditions 1s also required to confirm the
results.
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Prior to the imposition of drought, the correlation
coefficient between chlorophyll content and SCMR. was
positive and significant. After the end of drought session,
the relationship of these characters was highest although
it was calculated for lower number of data points. After
recovery, the relationship between chlorophyll content
and SCMR was still high compared to those of
well-irrigated sugarcane.

As could be seen in Fig. 2-4, the relationship was
rather variable under well-water conditions, depending on
the times of assessment and the relationship under
drought and after drought relief was rather strong and
consistent. Similar to these findings, Nigam and Aruna
(2008) found in peamut that SCMR observations can be
recorded at any time after 60 days of crop growth,
preferably under moisture deficit conditions. In
sorghum, SCMR showed significant linear relationships
with total leaf chlorophyll and with visual stay green
rating under severe post-flowering drought conditions
(Xuetal, 2000).

The results indicated that assessment of chlorophyll
contenit in sugarcane, using SCMR, is effective and
assessment under drought and drought recovery is much
better than under well-watered conditions because of the
higher relationship of the traits.

In conclusion, drought reduced chlorophyll content
and SCMR in sugarcane and the reductions were rather
sinilar among 10 sugarcane cultivars under investigation.
Because of low G x E interactions, the cultivars with high
chlorophyll content and SCMR were readily identified.
The breeding line 03-4-425 and the cultivar KU60-1 were
the best genotypes for chlorophyll content and SCMR.
The relationships between chlorophyll content and SCMR
under drought and drought recovery conditions were
strong and more consistent than those inder well-watered
conditions and therefore a better assessment of
chlorophyll content using SCMR under drought and
drought recovery was suggested.
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