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ABSTRACT

A pot experiment was carried out at Agricultural Research Station, Agricultural Research Center, Giza Governorate,
Egypt, (latitude 26° 31'N and longitude 31° 11’E) during 2019 and 2020 seasons to compare two sugarcane promising
clones, with the commercial variety GT.54-9 (Saccharum spp. L.), under three irrigation water levels (60, 80 and
100% of IWL). A randomized completely design with five replications was used. Some growth traits suchas shoot and
root FW, root/shoot ratio, leaf area index (LAI), leaf area ratio (LAR), as well as the biochemical constituents like
chlorophylls, carotenoids, proline, total soluble sugars, totalamino acids, total soluble proteins and macronutrients such
as.. N, P, K, Mg and Ca were assessed.

Results showed that, clone 2 had the desirable values for the studied traits more than commercial variety
GT.54-9, while the clonelrecorded undesirable values for the studied traits compared to GT.54-9 under water deficit
stressthat be contributed. So could be select the clone 2as anew promising variety in sugar cane cultivar with drought
tolerance. In addition to, sugarcane studied clones not affected by increase the degree of IWL from 80 to 100%.
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1. INTRODUCTION

Sugarcane crop (Saccharum spp.L.) is the
second main source of sugar production in Egypt.
It is cultivated only in El-Minia, Sohag, Qena and
Aswan of south Egypt governorates with highly
rising water requirements under climate changes
conditions caused by high temperature disrupt
physiological processes of sugarcane plants (Taha
and Zohry, 2018). Global environmental changes
like drought stress is one of the climatic
phenomenon caused significant inhibiting for
plant growth, development and productivity by
affecting various morphological, physiological
such as mineral nutrients uptake, enzymatic
activities, photosynthesis, respiration and metabolic
system (Faroog et al., 2009; Silva et al., 2011; Zhao
etal., 2013; Anjum et al., 2017 and Ramadoss et al.,
2021).

Sugarcane is more sensitive to water deficit
conditions especially during the tillering and grand
growth stage thus limiting plant growth,
development, osmotic potential, the photosynthetic
rate and yield all over the world (Khonghintaisong et
al., 2018, Dos Santos et al., 2019 and Hoang et al.

2019). Morphological and physiological
characteristics  as leaf area, rootishoot ratio,
tillering, shoot biomass, chlorophylls and

photosynthetic rate are useful indicators for drought
tolerance in sugarcane varieties (Inman-Bamber et

al., 2005; Zhao et al., 2013 and Dos Santos and
Silva 2015).

In addition, drought tolerant plants using
accumulation of carotenoids, total soluble sugars,
proline and free amino acids or/and increased
enzymatic antioxidants activity to maintain cells
water balance and protect the photosynthetic
pigments, enzymatic systems and cell membranes
(Farooq et al., 2009, Abid et al., 2018 ; Dos Santos
et al., 2019 and Ramadoss et al., 2021).

This study goals to gain an early selection of
sugarcane promising clones to provide early
knowledge about the promising clones which could
be used in sugarcane breeding programs of drought
tolerance. Thus, sugarcane two clones were tested
under three water regimes to selection at early stage
of growth compared with the commercial variety
GT.54-9.

2. MATERIALS AND METHODS

The present study was carried out at
Agricultural Research Station, Agricultural Research
Center, Giza Governorate, Egypt, (latitude 26° 31'N
and longitude 31° 11'E) during seasons of 2019 and
2020

Three genotypes of sugarcane hybrids
complex (Saccharum spp. L.) include, clone 1
(Co.284 x CP.44-101), clone 2 (CP.57-617 x
Co.617) and the cultivated variety GT.54-9
(NC0.310 x F.37-925) were tested under three
irrigation water levels (IWL), well watered 100 %
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(control treatment), 80 and 60 %. Irrigation
treatments 60, 80 and 100 % of IWL were applied
up to its level of field capacity in each one pot of
each treatment received optimum moisture at
growing medium according to Begum et al. 2012.

A randomized completely design with five
replications was used (three genotypes x three
irrigation levels. The plastic pots (60 x 60 cm in
diameter with a drainage bottom hole), were filled
by about 24 kg of the substrate of ratio 1:1 as sand
and clay. On March 2019 and 2020, one cutting seed
was planted in pot. All cultural applications were
done when required to all plants in pots for natural
growth till to the seedlings was ready to be treated at
60 days after planting.

Phosphorus fertilizer was added once during
seed-bed preparation as calcium super phosphate
(15% P,0s) at the rate 30 kg P,Os/fed. Nitrogen
fertilizer was applied as urea (46% N) at the rate of
100 kg N/fed, which was into one dose after the 60
days from planting. The other agricultural practices
were done as recommended by Sugar Crops
Research Institute.

2.1. Growth traits

At the end of experiment after 120 days from
planting the samples were collected and measured of
plant growth: shoot and root FW (g/plant),
root/shoot ratio, leaf area index (LAI) and leaf area
ratio (LAR). Were LAl was computed by using the
Watson (1958) formula. LAR (cm?/g) was calculated
according to the Gardner 1985 formula.

2.2.Physiological parameters

2.2.1. Photosynthetic pigments (chlorophylls
and carotenoids)

Photosynthesis pigments chlorophylla (chl. a)
plus chlorophyll b (chl. b), chl.a/chl.b ratio and
carotenoids concentrations mg g™ f.w. was measured
following using the Shabala et al. (1998) and
Lichtenthaler and Buschmann (2001) methods,
respectively.

2.2.2. Determination of macronutrients

Half gram of the dried sugarcane leaves on 60
°C in a forced air oven for 72 h from each treatment
at 120 days from planting were wet digested using
H,SO, and H,0, mixture to determine N, P, K, Mg
and Ca concentration. Micro-Kjeldahl method as
described by Horneck and Miller (1998) for total N
determination. The total concentration of P was
determined by the molybdenum blue method
described by Bernhart and Wreath (1955). Horneck
and Hanson (1998) wused to determine K
concentration. The concentration of Mg and Ca were

determined according to Stefansson et al. (2007)
method.

2.2.3. Osmolytes antioxidants (proline, total
amino acids, soluble sugars and total
soluble proteins)

The method of the aqueous sulfosalicylic acid
and acid ninhydrin reagent as described by Bates et
al. (1973) was used to assay the concentrations of
proline (Pr) in leaves using a spectrophotometer at
520 nm. Total free amino acids (TFAA)
concentrations in sugarcane leaves were analyzed
using ninhydrin method described by Swamy (2008)
using a spectrophotometer (Mapada UV 1200) at
570 nm. Total soluble sugars (TSS) were extracted
from sugarcane leaves in 80 % hot ethanol and
measured spectrophotometrically by anthrone
reagent at 620 nm using glucose standard according
to AO.A.C. (2005) and Sadasivam and Manickam
(2010), respectively. Total soluble protein (TSP)
was determined in the leaf extracts of sugarcane
genotypes using the method described by Bradford
(1976) reading at 595 nm using bovine serum
albumin as the standard.

2.3.Statistical analysis

Combined analysis of the two years was
carried whenever homogeneity of variance was
detected for the studied characters

Statistical analysis was over two years using
RCD with five replications and mean values were
compared using Duncan’s (1955) multiple range test
(P <0.05and P <0.01) using the computer " CoStat
" statistical analysis version 6.400 described by
CoHort Software (1998).

3. RESULTS AND DISCUSSION
3.1.Growth traits

3.1.1. Shoot and root fresh weights

Data in Table (1) show that, the studied
genotypes of sugarcane significantly differed in
shoot and root fresh weights/plant. The highest and
significant values of the previously mentioned traits
were obtained with clone2, followed by the
commercial variety GT.54-9 and clonel,
respectively. It could be noted that, insignificant
differences were observed between the commercial
variety GT.54-9 and clonel in root fresh
weight/plant. The recorded results might be
attributed to sugarcane genetic variability.

Sugarcane irrigated with 60 and 80% of
irrigation water level (IWL) resulted in a significant
reduce in shoot fresh weight/plant reached 15.4 and
38.8%, corresponding to a significant increase in
root fresh weight/plant amounted to 9 and 18 %,
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Table 1, Main effects for combined analysis of the two years of water irrigation levels (IWL) on
vegetative growth and biochemical constituents of sugarcane genotypes.

Genotype S_hoot fresh Root fresh Root: $hoot Le_af area  Leaf are ratio
weight (g/plant)  weight (g/plant) ratio index (cm?/g)
Clonel 16.00 ¢ 15.00 b 1.04 a 0.96¢c 20.53 b
Clone2 31.90 a 24.50 a 0.77b 2.10 a 23.42 a
GT.54-9 25.60 b 15.10 b 0.62c 1.35b 18.59 ¢
Irrigation water levels
100 % (control) 29.90 a 18.20 b 0.61c 1.63a 26.19 a
80 % IWL 25.30 b 20.00 a 0.85b 1.53b 19.54 b
60 % IWL 18.30 ¢ 16.40 ¢ 0.98 a 1.15¢ 16.82 ¢
G Total chlorophyll Chlorophyll a: b Carotenoids Proline (mg/ To_tal amino
enotype . acids (mg/ g
(mg/ g f.w) ratio (mg/ g f.w) g f.w) f.w)
Clonel 0.09 c 4.00 a 2.95 a 0.37 a 6.88 c
Clone2 0.22 b 1.60 b 2.67 b 0.33b 731D
GT.54-9 0.29 a 1.40c 1.99¢c 0.26 ¢ 12.40 a
Irrigation water levels
100 % (control) 0.28 a 2.70 a 3.14a 0.24c 7.55b
80 % IWL 0.19b 2.30b 2.33Db 0.32b 9.42 a
60 % IWL 0.13 ¢ 2.10c 2.14 c 0.39 a 9.64 a
Genotypes Total Total sol_uble N P K Mg Ca
sugars protein
Clonel 14.53 a 67.36 b 11.94 b 1.04b 6.34 b 299b 4.13a
Clone2 14.80 a 72.92 a 13.94 a 1.49a 7.40 a 3.63a 4.58a
GT.54-9 15.18 a 78.13 a 13.93 a 1.48 a 7.21 a 3.97a 4.76a
Irrigation water levels
100 % (control) 12.27 b 82.29 a 15.83 a 1.61a 7.52 a 3.70a 53la
80 % IWL 15.89 a 72.22b 12.37 b 1.34b 7.08 a 3.69a 4.26Db
60 % IWL 16.35a 63.89 c 11.62 b 1.06 c 6.36 b 3.19b 3.90b

* Means followed by differentletters are significantly different at P <0.05 level; according to Duncan’s multiple

range test.

respectively, as compared to that given with 100%
of IWL. These results coincide with those of Abd
El-Raheem (2018), and Hoang et al. (2019) and
Gaber et al. (2021) for sugarcane plants.

These significantly decreases in the shoot
weight of drought stressed sugarcane may attribute
to that, water deficit reduced the photosynthetic rate
comparing to non-stressed plants (Faroog et al. 2009
and Hoang et al., 2019). Because that, water deficit
stress is highly affected on sugarcane by the intense
growth stage dos Santos et al., (2019). The limited
vegetative growth and development by drought
stress may be due to water shortage inhibiting cells
division and elongation (Anjum et al., 2017).
Therefore, Farooqg et al., (2009) reported that, water
is necessary for plant nutrients uptake and
transportation.

The significant interaction between irrigation
levels and three sugarcane genotypes (Figure 1, A &
B) showed huge response for shoot and root fresh
weights. These observations may be back to

different tolerance response of various genotypes.
Under full irrigation water conditions (100 % of
IWL), clone 2 ranked in the first genotype and had
highest values of root FW/plant overpassed the
commercial variety which came in the second rank
under 80 % of IWL. Using water level 60 %, clone 1
showed the lowest shoot fresh weight meanwhile,
the commercial variety GT.54-9 came in the last
rank for root fresh weight by 60 % IWL.
Consequently, our results indicated that, clone 2
could represent a good genotype for drought stress
tolerant.

In sugarcane, the inhibited stalk and leaf
growth and enhanced deep large roots are the first
morphological adaptation after sugarcane plants
exposed to minor or moderate water deficit
conditions (Anjum et al., 2017). Likewise, under
water deficit conditions roots become clumped and
hence the facility of water uptake (Couso and
Fernandez, 2012).
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Fig 1. Interaction effects for combined analysis of the two years of irrigation levels (IWL) and
sugarcane genotypes on shoot, root fresh weight, root/shoot ratio, LAl and LAR of

sugarcane genotypes.

* Means followed by differentletters are significantly different at P<0.05 level; accordingto Duncan’s multiple range

test.

3.1.2. Root: shoot ratio

Means of root: shoot ratio reveal significant
variances among all studied genotypes varied from
0.62to 1.04. The higher root/shoot ratio was found
in clone 1, this mean that root FW was heavier than
shoot FW. Vice versa, the cultivated variety GT.54-
9 had the last rank in root/shoot ratio. In means as
overall of the three irrigation levels, the root/shoot
ratio was increased significantly by reducing IWL
from 100% to 60 % (Table 1).

Irrigation levels x sugarcane genotypes
interaction, was significant (Fig.1,c). The first and
second rank of root: shoot ratio was recorded with
clonel under the stressed irrigation levels 60% and
80% IWL, respectively, this due to a decrease of
shoot fresh weight against the increase in root fresh

weight. On the other hand, the cultivated variety
GT.54-9 gave the last rank of root: shoot ratio at
normal water level (100% IWL), these result caused
by an increase in shoot fresh weight against a
decrease of root fresh weight.

Similar result was obtained by Kaya et al.
(2006), who reported that, the larger root: shoot
ratios of maize seedlings are attributed to a greater
decrease in root growth than shoot growth under
water deficit stress. Also, the root length of
sugarcane cultivars increased after exposed to early
water deficit so, the higher root/shoot ratio could be
suggested as a key strategy for drought tolerance
Khonghintaisong et al. (2018). This results are also,
supported by Anjum et al. (2017) who suggested
that, plants can adapt to drought stress through some
morphological modifications i.e. expand roots area
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and higher root/ shoot ratios for enhancing water
uptake, water status and reduce water loss.

3.1.3. Leafarea Index (LAI)and Leaf arearatio
(LAR)

Data cleared in Table 1, showed significant
differences in the values of LAl and LAR (cm? g?)
for sugarcane two promising clones and GT.54-9.
The best genotypes ranked by clone 2, which
recorded the highest LAI and LAR however, the last
LAl was for clone 1. The commercial variety
(GT.54-9) gave the second rank for LAI and the last
for LAR. The levels of water mandatory under this
study cleared a significant values of LAl, in
addition, the results pointed to decrease LAl and
LAR ranked by increasing the level of water deficit
from 80 % to 60 % of IWL respectively, comparing
to the normal water level (100 %).

Obtained results in Figure (1, D & E) cleared
that, all tested genotypes significantly varied in LAI
and LAR values by different irrigation water levels.
In this regard, clone 2 recorded the first rank over
than rest of genotypes, where it had highest values
of LAl when irrigated by 100 % IWL. On the other
hand, clone one got in the last rank for LAl when
stressed plant by 60 % of IWL. The enhanced LAl
and LAR of clone 2 resulting from the increase in
shoot FW may be due to its more drought stress
tolerance. On the contrary, the first and last LAR
values were produced by GT.54-9 variety under 100
and 60 % of IWL, respectively. Same trends were
cleared by Begum et al., 2012, Zhao, et al. 2013,
Hoang et al. 2019 and Gaber et al. 2021 showed that
the leaf area reduced in drought stressed plants
compared with the well watered plants so, this trait
might be grateful for improving drought tolerance in
sugarcane. Same results in barley verities were
observed by Hellal et al., (2020). Drought stress
hamper plant growth and developmental processes
including leaf area, leaves number and dry matter
production, due to impaired cells elongation and
division by limited turgor (Anjum et al., 2017).

3.2. Physiological indices
3.2.1. Photosynthetic pigments

Table.1 cleared that, data of overall total
chlorophylls, chl. a: b ratios and carotenoids were
significantly differences under using water deficit
treatments at 80 % and 60 % of IWL comparing to
control (the level of 100 %) as well as the three
sugarcane genotypes. Water deficit treatments had a
negative influence on photosynthetic pigments
contents. The highest of chl.a+ chl.b concentration
was observed with GT.54-9 variety followed by
clone 2, meanwhile, clone 1 had the first rank in chl.
a: b ratio and carotenoids concentration and clones 2

in the second rank then lastly ranked the commercial
variety GT.54-9. The superiority of variety GT.54-9
over the two clones in total chlorophylls content
might be back to genetic variability, in addition to
that the synthesis of chlorophyll a was higher than
chl.b, under water deficit stress. Moreover,
accumulated higher amount of carotenoids in clone 1
aimed to keep the photosynthetic pigments under
drought stress.

Significantly  differences were detected
between the irrigation levels and three sugarcane
genotypes (figure, 2, A, Band C). From (figure, 2,
B) the commercial variety was the best than other
genotype where it recorded the highest pigments
values of total chlorophylls (chl.a + chl.b.) followed
by clone 2 under all IWL treatments. About, clone 1
had the first rank in carotenoids content and clones 2
got in the second rank then lastly ranked the
commercial variety under all IWL treatments
(figure, 2, C). It could be clear, from (figure, 2, A)
the full water level 100 % produced the first rank of
chlorophyll a: b ratio of clones 1, whereas, the same
clone got in the second rank at both two stressed 80
and 60% of IWL with an insignificant differences.
The increases in chl. a/b ratio may be back to
decrease in chl.b concentration by increase of water
stress. Reducing leaf photosynthetic pigments under
water deficit is associated with the significant
reduction in leaf area index in (Fig 1. D).

These results are in harmony with Silva et al.
2007, Begum et al. 2012; Zhao, et al. 2013; dos
Santos and Silva 2015 and Gaber et al. 2021
observed that water deficit reduced the level of
chlorophylls and carotenoids in sugarcane leaves so
they obtained that drought tolerant sugarcane
genotypes accumulated higher concentrations of
photosynthetic pigments. Our results supported by
the findings of Kaya et al., (2006) on maize.

3.3. Antioxidants (proline, total amino acids,
total soluble sugars and total soluble
proteins)

3.3.1. proline

Data documented in Table, 1 showed a
significant variance in leaf proline content of the
tested sugarcane genotypes. The genotypes ranked
from high to low as clone 1, clone 2 and GT.54-9,
respectively. The data showed that, these variances
may be due to the genetic variability between
genotypes. Water deficit stress had positive impact
on proline concentration which significantly
increased by reducing water levels treatments from
100 to 60 % of IWL.
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Fig 2. Interaction effects for combined analysis of the two years of irrigation levels (IWL) and
sugarcane genotypes on chl. a:b ratio, total chlorophylls (a+b), carotenoids and proline

concentrations of sugarcane genotypes.

* Means followed by different letters are significantly different at P<0.05 level; accordingto Duncan’s multiple range

test

Highest proline content was recorded with
clone 1 by the interaction with 60% IWL, as
compared to that given with 80 % of IWL,
meanwhile the lowest concentration of proline was
found under well watered 100% of IWL (Figure, 2
D).

Similar results showed on various crops by
Kaya et al. 2006; Sultan et al. 2012; dos Santos and
Silva 2015; Abid et al., 2018; Bezerra et al., 2019;
Hellal et al., 2020, Gaber et al. 2021 and Ramadoss
et al., 2021 considered that proline as important
antioxidant compatible osmolyte solute accumulated
within the plant tissues to protect plant organelles
and development its tolerance under water deficit
stress. Increased the accumulation of proline in
plants by drought might attribute to synthesis higher
proline and regulated genes (Bayoumi et al., 2008).

3.3.2. Total free amino acids (TAA)

For concentrations of total amino acids
recorded significant increase in leaves of sugarcane
colons. The commercial variety GT.54-9 recorded
the highest significant concentration while, clone 1
was the last rank for total amino acids (Table 1).

Total amino acids concentration was higher in
drought stressed plants at 60 % and 80% than 100 %
of IWL. Means values of total free amino acids were
different significantly by irrigation water levels and
sugarcane genotypes interaction. In this regard, the
most effective genotype clone 2 that recorded the
highest concentration of total free amino acids 14.40
and 12.95 mg/g f.w. in leaves of drought stressed
plants by 60 % and 80 % of IWL treatments
respectively while, the lowest concentration of total
free amino acids 5.23 mg/ g f.w. was recorded in
clone 2 under 100 % of IWL (Table 2).

Plants can develop it osmotic adjustment
through the accumulation of amino acids. The higher
accumulation of total amino acids in drought
stressed plants were observed by Abid et al., (2018)
on wheat and by Medeiros et al., (2013) and dos
Santos et al., (2019) on in sugarcane and Hellal et
al., (2020) on barely varieties.
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Table 2. Interaction effects for combined analysis of the two years of irrigation water levels (IWL) and
sugarcane genotypes on some macronutrients and osmolytes concentrations.

Macronutrients (mg/ g d.w.)

Osmolytes (mg/ g f.w)

IWL treatments

Genotype N P K Mg Ca TAA TSS TSP
Clonel 1492 1.17° 6.98 3.58 475 9.87° 10.65' 75.50
100 % (control) Clone2  16.67 1.73° 7.62  4.07 575 523" 13.87% 87.50
GT.54-9 1587 1.88% 7.92 4.20 5.38 7.55" 12.27" 80.73
Clonel  10.78 1.02" 6.45 3.32 404 7.95° 16.06° 66.15
80 % IWL Clone2 12.67 1.38% 7.43 3.83 441 1295 16.71° 78.13
GT.54-9 13.62 1.59° 7.27 3.73 428 7.35% 14.90° 72.40
Clonel  10.08 0.91' 555 2.63 355 8.76° 14.47" 57.29
60 % IWL Clone2 1243 1.12" 6.53 3.12 4.08 14.40° 18.18 68.75
GT.54-9 1233 1.10° 6.95 3.17 4.02 575" 16.40° 65.63
P < 0.05 level NS %* NS NS * * NS

* Means followed by differentletters are significantly different at P<0.05 level; accordingto Duncan’s multiple range

test.
NS = Non significant

3.3.3. Total soluble sugars (TSS)

Regarding, means of total soluble sugars
concentrations were insignificant increase in leaves
of sugarcane colons, the genotypes ranked from high
to low as GT.54-9, clone 2 and clone 1. However,
significant linear increases were produced under
water deficit treatments 80 and 60 % compared to
the control 100 % (Table 1). For the interaction
between sugarcane clones and levels of irrigation
water was significant. In this regard, the clone 2
recorded the highest concentrations of total soluble
sugars were 18.18 mg/ g f.w. under 60 % whereas,
the lowest concentration was 10.65 mg/ g f.w. for
clone 1 under 100 % of IWL (Table 2). These results
indicate that clone 2 accumulated higher amounts of
soluble sugars for drought tolerance.

Similar result was obtained by Dos Santos
and Silva, (2015) and Garcia et al., (2020) indicated
that, water deficit increased sugar concentration in
tolerant sugarcane cultivars. According to Marcos
etal., (2018) and dos Santos et al., (2019) sugarcane
plants accumulated higher soluble sugars under
drought compared to non-stressed plants. As well,
carbohydrates accumulation in stressed sugarcane
plants Medeiros et al., (2013). Same trend was found
in wheat by Abid et al., (2018). Also, Ramadoss et
al., (2021) suggested that accumulation of
olicosaccharides and sudar alcohols have
significant crucial roles in acclimatization and
tolerance during abiotic stress i.e. drought. Begum
et al., (2012) suggested different opinion about the
reducing sugars which consider as passive correlated
with the sugarcane drought tolerant.

3.3.4. Total soluble proteins (TSP)

Linear significant reduction for leaf soluble
proteins were resulted with both of sugarcane colons

and reducing water irrigation level treatments 80 and
60 % compared to the control 100 % (Table 1). In
this concern, the commercial GT.54-9 variety and
100 % of IWL got the first rank. About means of the
irrigation water levels x three sugarcane genotypes
interaction (Table 2) was insignificant. The highest
value of total soluble protein was 87.50 pg/g f.w. in
leaves of clone 2 under 100 % of IWL, whereas
clone 1 irrigated with 60 % of IWL recorded the
lowest concentration of the total soluble protein
57.29 pg/g f.w. The commercial cultivated variety
GT.54-9 got the moderate performance of total
soluble protein concentrations under all studied WL
treatments. High soluble protein is importance for
sugarcane tolerance to drought conditions.

These results are in line with those mentioned
by Dos Santos and Silva, (2015), who observed that
water deficit stress reduced the soluble proteins
concentrations in sugarcane cultivars. Likewise, in
wheat the total soluble protein decreased under
drought stress versus non-stressed plants, Abid et
al., (2018). In this regard, Bayoumi et al., (2008)
obtained that, leaf protein become useful trait in
plant drought tolerance. Opposite trend protein
concentration was reported by Medeiros et al.,
(2013) and Dos Santos et al., (2019).

3.4.Macronutrients

Data recorded in Table 1 showed significant
differences in N, P, K and Mg between clone 2 and
GT.54-9) compared to clonel. In this regard, the
second clone had the first rank for values of N, P
and K, as well as, the commercial variety got the
first rank for Mg and Ca concentrations whereas,
clone 1 recorded the last rank in these nutrients. In
over all means of irrigation levels, macronutrients N,
P, K, Mg and Ca were significantly decreased under
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reduce irrigation water levels from 100 to 60 % of
IWL.

Regarding, the irrigation water levels x
sugarcane genotypes interaction in Table (2) was
insignificant for means of N, K, Mg and Ca while,
gave significant decrease for the P concentration.
The most effective genotypes are clone 2 and
GT.54-9 that recorded higher concentrations of all
macronutrients in leaves comparing with clone 1,
which recorded the lowest values of these nutrients
under all water levels IWL (Tables 1 & 2).

These results are in good agreement with
Silva et al., 2017 who found that N, P and K
concentrations were reduced in sugarcane tissues
respectively by drought. As well as, the leaf K and
Ca concentrations decreased in maize seedlings
grown under water deficit stress Kaya et al. (2006).
Nutrients uptake and transportation within plant
requires basically normal water supply (Farooq et
al., 2009). Moreover, Silva et al. (2011) indicated
that, drought stress inhibiting the transpiration,
active uptake and membranes permeability which
reduced nutrients uptake and its translocation from
the roots to shoots. Higher N, P and K
concentrations could be suggested as a strategy for
sugarcane drought tolerance (Silva et al., 2017).

4. CONCLUSION

Water deficit stress 80 and 60 of IWL reduced
the vegetative growth traits and the endogenous
biochemical constituents’ chlorophylls, total soluble
proteins, N, P, K, Ca and Mg of some sugarcane
genotypes. On the base of enhancing the
photosynthetic pigments, proline, soluble sugar, total
amino acids, N, P, K, Mg and Ca we can
recommend that clone 2 and GT.54-9 as drought
tolerant while, the clone 1 was more drought
sensitive.
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