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Abstract

The low flowering intensity of some sugarcane germplasm decreases seed yield. Flowering ability and intensity are desired traits
for a successful sugarcane breeding program. The goal of the study was to evaluate the effects of various foliar gibberellic acid
(GA,) concentrations (0, 50, and 100 mg 1") on 20 sugarcane genotypes to improve their flowering ability and intensity under
natural conditions at El-Sabahia Research Station (31° 12 54” N and 29° 58' 23" E), Alexandria, Egypt, over the plant and ratoon
cane crops grown in the 2020/2021 and 2021/2022 seasons. The results revealed that increasing GA, concentrations up to 100 mg/1
improved the flowering percentage during the various flowering stages of the 20 sugarcane genotypes. Sugarcane genotypes,
namely MEX2001-80, Co1129, and CP63-49, outperformed the others during the flowering stages. The interactions between
sugarcane genotypes and GA, concentrations had a significant impact on flowering percentage. According to cluster analysis, the
longest full emergence flowering period was 142.24 days, whereas the shortest period was 0.0 days. It was discovered that the Mex
2001-80 genotype's superiority in longevity was mostly due to its superiority in the emergence stage. The GT biplot's polygon
view was used to identify the genotypes that showed good flowering responses for one or more GA, concentrations. According to
the study, the responsive sugarcane genotypes may be treated with 100 mg/l of GA, to induce floral primordia, which will speed up
and intensify flowering. Selection should concentrate on tip emergence stage and full emergence stage to increase flowering
percentage, according to genotypic correlation. Finding the best sugarcane genotypes in natural settings is crucial, as evidenced
by the necessity for additional research using higher concentrations of GA, to evaluate all sugarcane germplasms for flowering
ability and intensity.
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Introduction

The flowering of sugarcane genotypes and their
abundance or intensity is most important for
breeders to conduct targeted crosses to produce
new varieties with desirable commercial
characteristics. In Egypt, the natural flowering of
sugarcane is poor, i.e., having low intensity due to
different factors such as suboptimal photoperiods,
low humidity, and unstable temperature, in
addition to the genetic variability among genotypes
(Abu-Ellail and Mohamed 2020; Abu-Ellail and
McCord 2019). Under natural flowering in areas
located far from the Equator, breeders mostly get
poor and variable flowering, poor seed setting, and

little amounts of fuzz collected from the arrows

(flowers) of sugarcane after pollination (Ishaq and
Olaoye 2014; Moore and Nuss 1987). The
physiological process of sugarcane flowering is
complex and comprises several developmental
stages, each of which has its own specific
physiological and environmental requirements.
Therefore, the flowering processes are not
constant. Fluctuations in flowering intensity in the
field occur due to the deviation in minimum
temperature, rainfall, light hours, and maturity of
the plant in the inductive period. Moreover, for
sugarcane to flower, minimum physiological
maturity is required, where canes should be about
75 days old or have developed 3—4 naked
internodes (Ahmed et al. 2019; Shanmugavadivu
and Rao 2009).
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Organic substances known as plant growth
regulators (PGRs) are required in small doses to
alter the processes of plant growth and
development (Solaimalai et al. 2001). According to
Bendigeri (1986) and Praharaj et al. (2017), these
growth regulators are employed to promote sugar
accumulation in cane stalks and produce
elongation of upper nodes, which is required for
flowering to begin. It has been proposed to use
plant growth regulators in an effort to enhance
sugarcane flowering. Therefore, it may be possible
to improve sugarcane flowering by using plant
growth regulators like gibberellic acids. According
to research by Nguyen et al. 2019; El-Maghraby et
al. 2008; Li and Solomon 2003 and others,
gibberellins control growth and have an impact on
a variety of developmental processes, such as stem
elongation, flowering, leaf expansion, and tiller
numbers. Spraying GA, on canes resulted in
improved flower production and maximum plant
height (Sure et al. 2012). The stalk diameter and
flowering intensity of sugarcane treated with GA,
increased significantly (Praharaj etal. 2017). Using
two different sugarcane cultivars (G.T.54-9 and Co
413), El-Maghraby et al. (2008) investigated the
effects of three GA, concentrations (0, 500, and
1000 ppm) on the ability to flower. They found that
flowering percentages increased throughout the
different flowering stages as GA, concentrations
increased from zero to 1000 ppm when applied

during the initiation phase.

Correlation coefficients alone may not always be a
reliable breeding tool because they only offer one-
dimensional information, ignoring significant and
intricate relationships between plant traits (Kang
1994). Many researchers have studied genotypic
correlations between different flowering traits in
sugarcane. Abu-Ellail and Mohamed (2020); Abu-
Ellail and MecCord (2019), and Tahir et al. (2014)
studied the interrelationship between flowering
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and its components in sugarcane and concluded
that selection for stalk diameter, stalk length, tiller
numbers, and flowering percent should be
emphasized in sugarcane varietal development
programs where high flowering stalks are the
primary goal. The objective of the current study
was to evaluate the flowering ability, intensity, and
growth parameters of twenty genotypes treated
with gibberellic acid under natural conditions.
Also, to determine the genetic divergence among
sugarcane genotypes using cluster analysis and to
detect the promising flowering sugarcane
genotypes using a GT biplot diagram and
genotypic correlation among flowering traits.

Materials and methods

Two field experiments were carried out at El-
Sabahia Research Station, Agricultural Research
Center, (31° 12’ 54" N and 29° 58' 23" E),
Alexandria, Egypt in 2020/2021 and 2021/2022
seasons to study the effects of three concentrations
of gibberellic acid (GA,) (C,,H,,0,) on flowering
ability and intensity of 20 sugarcane genotypes
(Table 1) under natural conditions. Gibberellic acid
was dissolved in 5 ml ethanol and diluted with
water to reach the studied concentrations(0, 50 and
100 mg 1" ) in 25 liters. Plants in each experimental
pot were sprayed with 25 1 of prepared GA, using a
knapsack sprayer after 120 days from planting. To
provide an equal mist, sprayer nozzles were
adjusted to the finest setting. Plants were sprayed
until the run-off point with the GA, solution applied
to both the upper and lower surfaces of the leaves,
with 1 ml" of Tween 20 as a surfactant to improve
the efficiency of the foliar spray. Spraying was
done every morning at 8 A.M. at the same time, the
control treatment was sprayed with 1 ml" of tap
With three

replications, a randomized complete block design

water containing Tween 20.

was applied. Three-budded cuttings of each
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Table 1. Origin of evaluated sugarcane genotypes
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Genotype Origin Genotype Origin
SP 59-56 Brazil, Sao Paulo L62-96 USA (Louisiana)
Co214 India, Coimbatore Nco 339 South Africa (Natal)
CP 72-35 USA (Florida, Canal Point) Co 775 India, Coimbatore
Co 662 India, Coimbatore Col129 India, Coimbatore
CP57-614 USA (Florida, Canal Point) Co 281 India, Coimbatore
CP 63-46 USA (Florida, Canal Point) CP 43-44 USA (Florida, Canal Point)
Co 475 India, Coimbatore CP 63-588 USA (Florida, Canal Point)
CP 31-294 USA (Florida, Canal Point) CP 63-33 USA (Florida, Canal Point)
MEX2001-80 Mexico CP 48-103 USA (Florida, Canal Point)
H86.37 USA, Hawaii CP 44-105 USA (Florida, Canal Point)

Table 2. Day length in the natural flowering condition at Sabahia Station in Alexandria

Date August September October November December
1 13:39:15 12:48:15 11:52:16 10:56:30 10:16:39
2 13:37:50 12:46:26 11:50:24 10:54:51 10:15:47
3 13:36:24 12:44:37 11:48:31 10:53:13 10:14:58
4 13:34:57 12:42:47 11:46:39 10:51:36 10:14:10
5 13:33:29 12:40:57 11:44:47 10:50:00 10:13:25
6 13:32:00 12:39:07 11:42:55 10:48:25 10:12:42
7 13:30:29 12:37:16 11:41:03 10:46:51 10:12:02
8 13:28:58 12:35:25 11:39:11 10:45:19 10:11:24
9 13:27:25 12:33:34 11:37:19 10:43:47 10:10:49
10 13:25:51 12:31:43 11:35:28 10:42:17 10:10:16
11 13:24:17 12:29:51 11:33:37 10:40:48 10:09:46
12 13:22:41 12:27:59 11:31:46 10:39:20 10:09:18
13 13:21:05 12:26:07 11:29:56 10:37:53 10:08:53
14 13:19:27 12:24:15 11:28:06 10:36:28 10:08:31
15 13:17:49 12:22:23 11:26:16 10:35:04 10:08:11
16 13:16:10 12:20:30 11:24:27 10:33:42 10:07:54
17 13:14:30 12:18:38 11:22:38 10:32:21 10:07:40
18 13:12:49 12:16:45 11:20:49 10:31:02 10:07:28
19 13:11:08 12:14:52 11:19:01 10:29:45 10:07:19
20 13:09:25 12:12:59 11:17:13 10:28:29 10:07:13
21 13:07:43 12:11:06 11:15:26 10:27:15 10:07:10
22 13:05:59 12:09:13 11:13:40 10:26:03 10:07:09
23 13:04:15 12:07:20 11:11:54 10:24:52 10:07:12
24 13:02:30 12:05:27 11:10:08 10:23:44 10:07:16
25 13:00:45 12:03:34 11:08:23 10:22:37 10:07:24
26 12:58:59 12:01:41 11:06:39 10:21:32 10:07:34
27 12:57:13 11:59:48 11:04:56 10:20:29 10:07:48
28 12:55:26 11:57:55 11:03:13 10:19:29 10:08:03
29 12:53:39 11:56:02 11:01:31 10:18:30 10:08:22
30 12:51:51 11:54:09 10:59:50 10:17:34 10:08:43
31 12:50:03 10:58:09 10:09:07
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genotype were planted in a plot with a 15 m’area,
three ridge plots, and ridge distances of 1 m
between each ridge. This was done in the middle of
March 2020.
practices were followed to raise the crop for normal
growth and development during 2020 to 2022.
Induction of flowering took place in September, as

All recommended agricultural

day length ranges between 11:54 and 12.48 hours at
Sabahia Station in Alexandria under natural
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flowering environments, as shown in Table 2.
Furthermore, as illustrated in Figures 1 and 2,
temperature and relative humidity promoted

flowering.

The following data on flowering and growth traits
were recorded:

1. Plant height (cm) measured from soil surface
to the visible dewlap.

B Temperature (°C) Max
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Figure 1. Temperature in Alexandria during plant cane (2020/2021) and first ratoon (2021/2022).
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Figure 2. Relative humidity % in Alexandria during plant cane (2020/2021) and first ratoon (2021/2022)
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2. Plant diameter (cm) measured as the stalk
diameter of all the plants per plot at the fifth
internode in the middle of the stalk.

3. Tiller numbers obtained by counting primary,
secondary, and tertiary shoots of each plant at
the age of 6 months.

4. Leaf area index (LAI) calculated according to
Hall etal. (1993) as an equation:

Leaf area index = leaf area per plant/ground
area occupied by the plant.

5. Development stage was determined as the
number of days between the peak flowering
period (September 5, when day lengths vary
from 12.41 to 12.15 h) and the end of leaf
growth and the start of flag leaf development,
according to Abu-Ellail and McCord (2019).

6. Flagleaf stage calculated as the number of days
from the start of flag leaf production and the
time the inflorescence first emerged from the
flag leaf sheath.

7. Tip emergence stage calculated as the number
of days between the appearance of the flag leaf
sheath and the start of inflorescence emergence.

8. Full emergence stage calculated as the number
of days between the inflorescence's tip

emergence and its full expansion.

9. Number of genotypes flowered and non-
flowered under each level of gibberellic acid

was count.

10.Percent of total flowering calculated as an

equation:

Number of flowered plants / Number of plants per
plotx 100

Statistical analysis

Each season's data subjected to a variance analysis.
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Before doing the combined analysis, the
assumption of homogeneity of variances was
tested using Bartlett's homogeneity across the two
seasons to test significance of differences among
the twenty sugarcane genotypes. These analyses
were conducted by using SPSS software (version
15). A measure of similarity levels and Euclidean
distance were used in the cluster analysis (Everitt
1993). The genotype by trait (GT) biplot, by Yan
and Rajcan (2002), was utilized to analyze the
genotype by trait data. The significance of
genotypic correlation coefficient was tested
according to Robertson (1959).

Results and discussion
Effects of gibberellic acid on growth traits

Combined analysis of variance over the two
seasons (Table 3) revealed that all studied growth
traits of sugarcane increased significantly with
increasing gibberellic acid levels. Raising the
applied level of gibberellic acid to 50 and 100 mgl"'
increased cane stalk height and diameter by (24.32
and44.25 cm) and (0.26 and 0.46 cm), compared to
that of the untreated canes, respectively. Similarly,
Yadav et al. (2016) found that as the applied
gibberellic acid levels were increased, the stalk
height increased as well. According to Patel and
Chaudhary (2003), one of the benefits of
gibberellic acid given in the right amounts is an
extended stem diameter, which could account for
the increase in stalk height reported: "Gibberellic
acid was observed to show a hyponastic response
as aresult of increased cell elongation."Gibberellic
acid concentrations application also showed
statistical differences (P< 0.05), with 100 mg 1"
being superior in growth traits like tillers numbers
and leaf area index, with an enhancement with of
8.38 and 4.75%, respectively. These values were
significantly higher than the zero ppm as control by
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about 39.44 and 57.81 percent. Other studies
(Wang et al. 2017; Benny et al. 2017) found that
exogenous gibberellic acid treatments had a
positive impact on the number of'tillers and the size
of the leaves when applied topically during the
early growth stages. According to Ashraf et al.
(2002) the administration of gibberellic acid
resulted in an increase in all plant growth

parameters.

The results revealed significant differences
(P<0.05) in growth traits between sugarcane
genotypes. The average stalk length for the tallest
genotype (CP.31-294) was 268.56 cm, which was
significantly higher than the shortest one, genotype
(CP57-614) by 66.45 cm. CP 48-103 variety was
the biggest stalk diameter (2.53 cm) while the
CP57-614 variety was the smallest one (1.90 cm,
Meanwhile, the same smallest diameter genotype
had the highest number of tillers (8.43). CP 63-46
variety recorded the highest leaf area index with a
value of 7.25 while Co 662 variety had the least
one (4.49). The variation in height could be a result
of genetic differences in which some sugarcane
varieties respond to plant growth hormones. As a
result, the forty sugarcane genotypes that were
tested varied greatly from one another in how they
responded to flowering under GA,. The study is
consistent with the findings of the work by Nguyen
et al. (2019), which showed that the use of
gibberellins caused sugarcane genotypes to grow
rapidly and had an increase in their growth
characteristics. Furthermore, Rai et al. (2019) and
Patel and Chaudhary (2003) reported that the use of
gibberellic acid-induced an increase in the height
and diameter of the sugarcane genotype stalks.
According to Miceli et al. (2019), Gibberellic acid
administration reportedly boosted leaf development

and growth.

The interaction between the tested sugarcane

genotypes and gibberellic acid rates was a
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significant effect on stalk length, stalk diameter,
tillers number, and leaf area index. Genotype (Co
662) was recorded as the tallest stalk treated by 50
and 100 mg 1" (277.00 and 302.67 cm,
respectively), while genotype (CP44-105)
registered the biggest diameter under 50 and 100
mg 1" (2.52 and 2.67 cm). Furthermore, genotype
(CP57-614) recorded the highest tillers number
and leaf area index (8.49 and 9.78) (7.26 and 8.12)
under 50 and 100 mg 1", however, the lowest value
was recorded under zeromg 1" of Ga,. These results
indicated that sugarcane genotypes behaved
differently when they were exposed to different
gibberellic acid levels. Gibberellic acid
concentration of 100 mg 1" was the most superior
increasing however, at zero mg "' of GA, (control)
which was the lowest level of application had the
least growth traits at all stages which is an
indication that application of sufficient levels of
GA, influences growth of sugarcane. According to
Mesejo et al. (2016), who showed a difference in
the response of the stalk growth (width and height)
and tillers number, there is interaction diversity in
how sugarcane genotypes respond to the
administration of gibberellic acid. The results
showed that one of the causes of the increase in
stem diameter was due to gibberellic acid, which is
linked to growth stimulation during the vegetative
phase (Gad et al. 2016). According to Ren Gao
and Chen (2007), gibberellins' capacity to improve
sink strength may be related to their effect on leaf
growth.

Effects of gibberellic acid on flowering traits

The results of the combined analysis of variance
over the two seasons in (Table 4) show significant
differences between gibberellic acid levels for all
traits. Increasing the concentration of gibberellic
acid was decreasing the days needed to reach all
flowering stages. Concerning results of gibberellic
acid (GA,) concentration, it was noted that the
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highest application (100 mg 1') decreased the
number of days required for the beginning of the
development stage and the rest of the stages i.e.
flag, tip, and full emergency required after
(September 5, day length = from 12.41 to 12.15 h).
Compared to the lowest application of zeromg 1" of
GA, concentration the number of days needed to
reach the development stage, flag leaf, tip, and full
emergence stages was increased. The successfuly
induced flowering followed by the application of
gibberellic acid (GA,) for increased flowering
initiation (Bora and Bohra 1989). Gibberellins
control growth and have an impact on a number of
developmental processes, including stem
elongation, blooming, leaf growth, and the
induction of flowering enzymes (Vishwakarma
2010). The response of plants in terms of growth
and development are determined by this regulator's
concentration and the sensitivity of plant tissue to
this molecule (Buchanan et al. 2015). These results
are in a harmony with those of Julien (1969), who
studied the effect of gibberellic acid (GA,) on
sugarcane flowering and suggested that there are
two metabolic pathways for the action of GA,, one

for growth and the other for floral initiation.

Data in Table 4 indicated that sugarcane genotypes
behaved differently when they were exposed to
different gibberellic acid levels. The number of
flowering genotypes increased with increasing
gibberellic acid (100 mg I GA,) concentrations
compared with the control (zero GA,). The
MEX2001-80 genotype was the earliest flowering
compared to the last NCo339 genotype during the
different flowering stages, where the mean
percentage of days to the development stage, flag
stage, tip stage, and full emergence stage decreased
by about 57, 43, 44, and 44%, respectively.
Sugarcane genotypes differ in flowering, and other
attributes owing to genotypic differences between
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genotypes. Flowering shows a range of variations
among the genotypes (Yoder 2001).

These differences between tested varieties may be
due to the variation in genetic constitution of the
tested varieties. These differences in flowering
cane varieties may be also due to the differences in
the concentration of flowering substance as
denoted by Vijayasaradhy and Narasimhan (1953).
According to Cobas et al. (1984), Correa et al.
(1972) found that in sugarcane varieties, levels of
gibberellin-like substances were found in the
apices of plants that had been induced to flower.
This suggests that the reason for the variations in
flowering stages could be attributed to increased
GA,application.The interaction between
sugarcane genotypes and gibberellic acid (GA))
concentration in the combined two seasons had a
significant effect during the four measured
flowering stages. The most effective interaction
between genotypes and GA, concentration was on
the genotype MEX2001-80, which achieved the
lowest values of responded days to reach the
flowering stages with 100 mg 1" of GA,
concentration 56.67, 81.33, 81.00, and 93.67 days
during development, flag, tip, and full emergence
stage, respectively. To better utilize these resources
in breeding programs, it is necessary to study the
breeding germplasm in order to identify such a
reaction. These results are consistent with those of
Rizk et al. (2002), who reported that, according to
their findings; the pre-flag leaf stage lasts much
longer than the other flowering stages because it
includes the time needed for the meristem to be
diverted from producing leaves to producing
flowerers. Additionally, some sugarcane genotypes
had high GA, concentrations that were very
favorable to growth and improved the flowering
apices of sugarcane plants andalso showed
significant flowering activity (Moore etal. 1986).
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Effects of gibberellic acid on flowering intensity

The flowering behavior of 20 sugarcane genotypes,
when treated with different gibberellic acid levels,
is presented in Table (5). The flowering percentage
increased with increasing GA, concentration
levels. Results indicated that the percent (%) of
total flowered genotypes was significant under
0 mg 1" GA, reaching 45%, whereas the percentage
of total flowered genotypes under the first 50 GA,
reached 50%, while the highest levels of GA, 100
mg 1" recorded the highest flowering percentage
genotypes (70%). An effective hybridization
program needs genotype or species floral intensity
as well as timely and profuse flowering (Sujatha et
al.2018; Ren 2007).

Data in Table 5 show the sugarcane genotype's
inconsistent flowering behavior and intensity

under zero gibberellic acid (GA,) concentration, in
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subtropical climates like Alexandria,. Therefore,
unless the flowering dates are delayed and the
intensity is managed with GA,, it becomes
challenging to flower. Results indicated that the
flowering date decreased with increasing GA,
concentration. Under 100 mg "' GA, concentration,
some genotypes exhibit early flowering than
normal (MEX2001-80, Co 1129, and CP 63-46,
respectively), and some are mid-flowering
(SP59-56, Co 475, and Co 662, respectively) and
some are late (Co 775, Nco 339 and Co 214,
respectively) most of these genotypes were nil
flowering under normal. Results are consistent
with Moore et al. (1986), and El-Maghraby et al.
(2008) who found a significant flowering intensity
was attained with some sugarcane genotypes
within GA, concentrations highly favorable to
growth and may enhance flowering apices of

sugarcane plants.

Table 5. Flowering intensity percentage and distribution of the treated sugarcane genotypes according

to their flowering response under GA, concentrations

Genotype Not Flowering under  Flowering under Flowering under
No. flowering GA3mgl’ GA,50 mg 1" GA, 100 mgI'
1 H86.37 SP 59-56 SP 59-56 SP 59-56
2 L62-96 CP 72-35 CP 72-35 Co 214
3 CP 43-44 Co 662 Co 662 CP 72-35
4 CP 63-33 CP 63-46 CP 63-46 Co 662
5 CP 48-103 MEX2001-80 CP 31-294 CP 57-614
6 CP 44-105 NCo 339 MEX2001-80 CP 63-46
7 Co 1129 NCo 339 Co 475
8 Co 281 Co 1129 CP 31-294
9 CP 63-588 Co 281 MEX2001-80
10 CP 63-588 NCo 339
11 Co 775
12 Co 1129
13 Co 281
14 CP 63-588
Total 6 9 10 14
Flowering 30% 45% 50% 70%

intensity




38

Cluster analysis (CA): flowering under different
concentrations of GA,.

Figure 3 shows how cluster composition is
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distance (252.66). Clusters 1 and 3 were found to
have the smallest distance (150.61), implying that
proving their close relationship would not produce

generated. The genotype distribution pattern the intended results.
Dendrogram
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Figure 3. Dendrogram showing the distance among twenty sugarcane genotypes based on flowering

ability percent and its related attributes.

revealed that cluster 1 had the most genotypes (14)
followed by clusters 2 and 3, which each had three
and two genotypes, respectively, and then cluster 4,
which had the fewest genotypes (one). Items are
arranged according to their inter- and suggestions.
Based on flowering statistics, Table 6 indicated that
twenty sugarcane genotypes were divided into four
clusters, with the distances between genotypes
within a cluster varying from 0.00 to 81.60. The

clusters 2 and 3 had the maximum inter-cluster

Four different clusters were formed from the
sugarcane genotypes. Based on Euclidean
distance, the examined genotypes in the current
study were distinguished as shown in Figure 3. and
calculated blooming and its related features. The
mean values for the flag leaf, emergence,
development, and tip stages were: Cluster 4 had the
greatest pre-flag stage value (145.5 days), whereas
Cluster 2 had the lowest value (0.00 days). The
development stage of Cluster 4 is superior to the

Table 6. Distance between cluster centroids for genotypes were treated by GA, for flowering

No. Cluster 1 Cluster 2 Cluster 3 Cluster 4
Cluster 1 0.000
Cluster 2 249.09 0.000
Cluster 3 150.60 252.66 0.000
Cluster 4 200.45 163.15 166.87 0.000
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other three Clusters because it began 39.48, 145.5,
and 4.28 days earlier than Clusters 1, 2, and 3,
respectively in the pre-flag stage. According to the
results, Cluster 3 had the best value for the flag
stage (145.75 days), while Cluster 2 had the worst
value (0.00 days). Additionally, Cluster 3 has a
better tip emergence stage than the other three
Clusters. While Clusters 2 and 4 recorded the
lowest value (0.0 days), Cluster 3 recorded the
longest amount of time (150.50 days) at the tip
emergence stage. Additionally, the results showed
that Cluster 1 recorded the highest value of full
emergence (142.24 days), whereas Clusters 2, 3,
and 4 recorded the lowest value of this attribute
(0.0 days). In addition, it was shown that Cluster 1's
dominance in longevity is mostly attributable to its
supremacy in the entire emergence stage.
According to Cordeiro et al. (2003), the sugarcane
germplasm was varied. When tested on 30 or 40
sugarcane varieties, Ahmed and Khaled (2009)
discovered similarities ranging from 0.324 to
0.834.

Sugarcane Genotypes by GA, treatments (GT)
biplot graph

Results shown in Figure 4, where the polygon view
of a genotype by treatments (GT) biplot graph
demonstrates that, for the sugar cane dataset of
flowering, the GT biplot explained 99.25% of the
total variation in the combined seasons. The entire
emergence (flowering) dataset was explained by
the two PCs (PC1 and PC2) in 90.43 and 8.86% of
the cases, respectively. This comparatively high
percentage shows how well the GT biplot graph
explains how the genotypes of sugar cane
responded to the blooming treatments over the
course of the combined trial years. The polygon
view of the GT biplot can be used to identify the
genotypes with good flowering responsibility for
one or more GA, treatments. Results revealed that
genotype MEX2001-80 had the earliest blooming
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Figure 4. Polygon view of genotype (Gl to G20) x
treatments (GA,) biplot of twenty sugar cane genotypes
for flowering at the combined of (1" and 2" season)

(96.44 days) across all GA, concentration
treatments, followed by genotype Coll129 (116
days) and genotype CP 63-46 (120.7 days). These
findings concur with those of Ober et al. (2005)
and Korshid (2016), who discovered that genotype
trait biplots (GT) demonstrated superior genotypes
with comparatively stronger expression of
combinations of advantageous characteristics. The
findings imply that blooming and GA,
concentration patterns may be used to distinguish
early sugar cane genotypes. These data would help
to create techniques for indirectly identifying
sugarcane genotypes that are most adapted to

flowering in Alexandria's native agro climate.

Genotypic interrelationships for flowering
traits

The genotypic correlation coefficient (rg) among
various traits calculated across two seasons is
presented in Table 7. Correlations between certain
stalk-related traits (stalk length, stalk diameter, and
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tillers number), and leaf area index were negative
and significant except for flowering traits
(development stage, flag leaf stage, tip emergence
stage, full emergence stage, and flowering
percentage) which were positive and significant.
The correlation between stalk diameter and tillers
number agreed with the data of Milligan et al.
(1990), who found the correlation between stalk
diameter and stalk numbers was negative and
significant. A positive and significant correlation
was found between all flowering traits studied
(development stage, flag leaf stage, tip emergence
stage, and full emergence stage) and flowering
percent (Table 7). Genotypic correlation indicated
that emphasis should be given to the selection for
the development stage, flag leaf stage, and tip
emergence to improve flowering percentage. Kang

etal. (1983) concluded that an artificial correlation

Journal of Sugarcane Research

tended to inflate the relative importance of traits
that may not be far from reality because were
determined independently. Several researchers
reported genotypic correlations among sugar cane
traits. However, Milligan (1990) showed that the
genetic variance and covariance of traits changed
with selection. Thus, accurate variance-covariance
estimates should be selection- stage specific.
Therefore, our results of trait interrelationships
may be similar or different, higher or lower than
those reported from other studies. Kang et al.
(1983), Milligan et al. (1990), Abu-Ellail (2015)
and Tahir et al. (2014) concluded differences of
correlation among studies because of differences in
the degree of prior selection in the population, and
differences in the environmental conditions among

the studies.

Table 7. Genotypic interrelationships among different flowering traits in sugarcane genotypes

Traits ST SD TN LAI DS FLS TES FES
talk diamet -
Stalk diameter 0.117%+
Tiller numbers 0043%% (7335
Leaf area index - 0.029** )
0.136** 0.317%*
Development stage  0.268** - 0.598**
0.637** 0.601%*
Flag leaf stage 0.234** - - 0.254**
0.052%** 0.251%%* 0.019
Tip emergence 0.302%* . ) -
stage 0.025%* (.055%* 0.041*%* 0.068%* (.738**
Full emergence 0.194** - -
stage 0.036*%* (.214%*% 0.436*%*% 0.176%* 0.167**% 0.434%*
Flowering Percent - 0.345%* 0.209*%* 0.106** 0.291** (0.218** (.522%*
0.076** 0.567%*

Abbreviations Stalk height: (ST), Stalk diameter: (SD), Tiller numbers: (TN),
Leaf area index: (LAI), Development stage: (DS), Flag leaf stage: (FLS),
Tip emergence stage: (TES), Full emergence stage: (FES), Flowering Percent: (FP)
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Conclusion

Results concluded that gibberellic acid can be
used to increase flowering in sugarcane
genotypes. Increase in Gibberellic acid levels
resulted in increased height, tillering, stem
diameter, and leaf area index. Flowering and
growth traits of sugarcane genotypes were
significantly increased by increasing gibberellic
acid concentrations. The genotypes Mex2001-80,
Co 1129, and CP 63-46 showed the best results
across the majority of the studied flowering
parameters. There was a significant difference in
flowering traits because of the gibberellic acid
application. The increase in flowering percentage
was between 45% and 50% and 70% when applied
at0,50,and 100 mg 1" of GA, respectively.

The genotypes of sugarcane were separated into
four groups according to full flowering. Clusters 1
and 3 had the smallest distance (150.60);
demonstrating the close ties between these
clusters would not yield favorable results. The
results showed that Cluster 1 recorded the longest
period of full emergence flowering (142.24 days),
while Cluster 2 recorded the shortest period (0.0
days). It was observed that the Mex2001-80
genotype's superiority in longevity is mostly due
to its superiority in the emergence stage. The
genotypes with good flowering responsibility for
one or more GA, treatments can be found using the
polygon view of the GT biplot. According to
genotypic correlation, in order to increase
flowering percentage, selection should focus on
the flag leaf stage and the tip emergence stage.
Further research is recommended to evaluate the
flowering of more sugarcane genotypes that were
previously treated with gibberellic acid.
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