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ABSTRACT '. .
A study was undertaken to assess the relationship between sgven designated traits (tiller .
count, plant height, stalk girth, stalk length, millable stalk, brix value and cane yield) in forty
sugarcane varieties. The experiment was planted in a rardomazed complete block design
with four replications at two locations in Nigeria. The trial was established in 2013 (plant
crop) and terminated in 2017 (third ratoon crop). Regression, correlation and path
coefficient analyses were carried out to assess the relationship among component traits and
cane yvield. The study revealed highly significant contribution (15%) of millable stalk ta
yield. Cane yield showed a strong positive correlation with tiller count plant height, stalk
girth, stalk length and millable stalis. The brix value was nega ively correlated with cane
yield and all comelation coefficient were highly signific Path coefficient analysis
revealed the direct positive effect of millable stalks, plant height-and tiller count on the
response variable (cane yield). Stalk length had a low and negative direct effect on cane
vield. A second path analysis to discover second order variables for cane yield revealed brix
value and stalk girth as having direct positive effect on cane yield. In view of the significant
direct effect of the first order predictors, all component traits should be taken into
cognizance during selection for high cane yield. | |

KEYWORDS: plant crop, sugarcane ratoon, regression, ph']énnr;mic correlation, path
analysis, cane yield, component traits |
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INTRODUCTION

Sugarcane (Saccharum officinarum L.) is
a cash, crop of great importance, mainly
grown in the tropics and sub-tropics. In
Nigeria, it 15 a cash crop used for
manufacturing white sugar; it is also a
multipurpose crop which can be used to
generate electricity, biofuel, ethanol,
organic matter for crop nutrition, chip
board and paper production (Khan et al.,
2013). The cumulative domestic
production of sugarcane in Nigeria has
been in the range of 10,000 — 55,000
tonnes annually, which can only meet
about 5% of national demand.

This shows that the country is far from |

meeting consumption demand for |
sugarcane, :ap%iﬂ“}' when potential with |

respect to h and material resources n

Nigeria is co

2009). Adequate|production of sugarcang is
required to meet achieve this vision. The

need for more improved vaneties of

sugarcane with High vielding traits of cane
and brix is of utmost importance in
achieving this gnrl.

idered. Although Nigeria |!
projected to attain 70% self-sufficient |
production of sugar in 2020, therehy
- maling effort to|revive all the sugar sector *
in the country| (Ahmed and Alsharief,




Table 1a: Trend in cﬂﬁamnptiﬂﬂ and production of sugar in. Migeria, 1999 - 2012

Consumption Produetion
Year Quantity in Growth Quantity in Growth
tonnes . in% Tonnes . (%)

1999 781,782 : 16,000 |

2000 771,850 =1.27 36,000 _ 260.00 ,
2001 930,201 20.51 10,000 -72.22

2002 1,000,165 8.49 - |

2003 988,441 2.05 - |

2004 A65,000 -12.49 > ; |

2005 1,301,494 50.46 . |

2006 1,176,608 9.59 50000 |

2007 1,258,966 6.99 55,000 10.00

2008 1,396,668 10,94 38,000 | -30.91

2009 1,220,080 -12.64 39,000 _ 2.63

2010 QB5,675 -19.21 30,000 | -23.08

2011 1,139,410 15.60 35,000 . 16.67

2012 1,108,980 -2.67 10,843 . -69.02

Average 1,066,749 4.08 31,384 I -23.70
Source: National Sugar Development Couneil, Abuja. |
A foremost objective in breeding from the sagregatinﬁ F,- progenies is
sugarcane is an increase in the yield of relatively easy | since subsequent
sugar. Sugar yields are determined by two advancement of superior genotypes from
complex traits reported as important one generation to the other is by vegetative

characters for the development of propagation coupled with testing for good
superior genotypes; the yield of cane and yield and adaptatior over severalcropping
the percentage of sucrose in juice (Terzi er seasons within target—environmenty—"
al., 2009). Yield in sugarcane and other - representative of different regions (Guilly
quality traits of agronomic importance are et al., 2017). Furthermore, it is also a
subject to environmental influences practice on farms to substitute varieties
because they are quantitatively inherited. regularly with ‘new clones in order to

They are predisposed o the influence of maintain high yields over the years (Ali e

some other traits that have direct or al., 2017). The efficdcy of selection in plant
indirect coentribution to yield (Chaudary breeding relies mainly upon the direction

and Joshi, 2005). In order to increase and the degree of the association between
productivity, varietal improvement which vield and its components and also the
discriminates in favour of promising relative importance |of each of the factor
genotypes and improve those genotypes which contributes to yield (Ahmad and
should be done, Wew varieties can also be Saleem, 2003). The desire of every farmer
developed by selecting clones derived is high wyield which is a product of

from true seeds obtained from hybrids of a association among i various growth and

cross of superior parents (Mehareb et al., yield parameters. The available

2017). information about this association assists in
Sugarcane breeding is a complex task due putting in place a breeding plan to improve

to the crop's high ploidy level and the yield (Adesoji efal., 2015).

heterozygous nature L:Tiawa;i et al, Genotypic and p Imgt}lpic correlation N
2011). I-I_ﬂwc-.rm,_ i spite of its genetic coefficient analysis serve as guide to
complexity, obtaining new genotypes breeders for selecting the best genotypes.
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ation between characters provides
siformation on how strongly such
are genetically associated with one
ther. thus correlation estimates among

the vield components are the basis for
election of superior genotypes from the
differest breeding populations (Tena et
al., 2016). However, the complexity of the
yield, 115 association with other
component traits and the relationship of
these traits with one another renders
correlauon coefficient 'Linprnduutu'u a5 an
index  for  selection (Shaileshkumar,
2006 ). The use of path coefficient analysis
provides the effective measure of direct
and mdirect source of association  and
exposes the status of each component trai
which contnibutes 10 the final product
(Jakhareral, 2017). ltwall md selection of
parental matenals for the purpose ol
making crosses, the breeder 13 also armed
with the knowledge of how a component
charcter influences other characters, The
present study was therefore conducted
with the aum 1o assess the relationship of
certamn morpho-physiological parameters
with cane yield 1n order to establish an
appropriate selection criterion for our
sugarcane breeding program.

MATERIALS AND MET HODS
Description of exumerimental materials
and experimental sites
The genetic materials used for this study
compnsed 40 sugarcane varieties selected
among  over 300 clones presently
maintamed in the Unilonn Sugar
Research Institute (USRID) germplasm
collecion. The materials which were
selected based on superiority for morpho-
physiological attributes are representative
of six different sugarcane breeding
stations within and outside Africa (Table
I). The sugarcane clones were planted in
two agro-ecologies: Tkenne (Rainforest
soue located on longitude 6° 52'N and
latitude 3" 42'E) has an annual rainfall and
emperature range of 1000-1200 mm and

65

22° C - 32.2° C, respectively) and
Agenebode (southern (uung anpab s
located on longitude 7°6'~ and latitude 6
42'E with annua] rainfall of 1300-1500 mm
and temperature range of 28°C - 34" C))
Rainfall distribution pattern over a five-
year period (including the period of field
trials) is multimodal on both sites, with the
highest peak in September of every year at
Agenebode and between July and
September at Ikenne depending on the year.
The dry months on both sites are between
December of the preceding vear and
February of the following year.

Freld experimentation

The tnals were established at Ikenne
between 30" May and 37 June, 2013 and at
Agenebode between 11'" and 14 '
December, 2013, Each trial was laid outasa
randomized complete block design with
four replicates within a block and a block
comprised twenty (20) varieties. Each plot
was six (6) rows, 10 m long and 1.3 m
between the rows. The cane setts used-were.
three-eved cane setts of 6-7 months which
were also free from diseases and pests.
Thirty (30) cane sents were laid horizontally
end-to-end per in row. Weeds were
controlled by pre-emergence application of
Primextra Gold"™ [proprietary mixture of
metolachlor (290 g/L) and (370 g/L)] at
2.5kg ai/ha at planting followed by
supplementary directed sprayed of
glyphosate at 2.0kg a.i./ha when necessary.
NPK fertilizer was applied at the rate of 150
kg N, 60 kg P and 90 kg K in equal halves
(split dose) at planting and at 8 — 10 weeks
after planting,

Dara collection

Data were collected each year from the four
mner rows (1., net plot) on various
parameters including germination count at
21 days after planting (DAP) and 42 DAP
respectively, rating for disease infection
(especially smut) beginning from 3-4




months after planting (MAP), monthly
tiller count, stalk length ( tape
measurement), stalk diameter (Vernier
caliper) from 6MAP and brix comtent
(hand refractometer) from 8 MAF Ten
stalks which were sampled for brx
content every month till harvest were also
used to collect data on stalk height and
diameter respectively, Ten randomly
selected stalks within the net plot were cut
at the base and the average of individual
weights, using weighing scale, was
recorded as single stalk weight for each
variety while the total number of cane
stalks with diameter = 1.5 cm was counted
for each plot as millable cane population,
Canes from the net plot were harvested
and weighed to obtain cane weight/plot
and was later converted to tons per
hectare.

Data analyses

Individual and combined analyses of
variance were performed using a mixed
madel in SAS version 9.3 (SAS Tnstituts,
2009). Replication, crop cycle and
environment were considered as random
effects while genotypes were considered
as fixed effects, Path analysis and
estimates of phenotypic correlation across
locations were done. Significant means
were separated with “the use of least
significant difference (LSD) as outlined
by Steel and Torrie (1980).

RESULTS ¢

Means for cane yvield and associated traits
in each of the cropping cycles and planting
gites are presented in Table 2. Cane vield
was significantly higher at Agencbode
compared to Ikenne in the plant and first
ratoon ¢rops while the reverse was the
case in the second and ratoon crops. While
Brix remained relatively stable regardless
of the crop eyele and planting site. There
was a steady reduction in cane yield in
subsequent ratoon crops on both sites,
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There was no definite trend on the other
characters such as/the length, diameter,
millable population and single stalk weight
either in the subsequent ratoon or at
particular site except for stalk diameter
which declined in subsequent ratoon crops
at Agenebode. T

The results of int%rrelatedncss between
cane yield and other traits are presented in
Table 2 and 3.| Stepwise multiple
regression analyses for of cane vield
showing the contribution of component
traits in sugarcane (Table 2). Results show
that millable stalk, plant height, -stalk———
length and tiller count gave a total
contribution of 18.82% to cane yield, with

millable stalk showing the largest
involvernent having contributed about————
15%. Results furthér showed that these
contributions are highly significant for all
the characters which is a suggestion that
the above traits govern how yield of cane
varies with respect to their percentage of
contribution.

Table 4 shows the pLem}t}'pic correlation
between cane yield and yield component of
sugarcang varieties. Results show that
tiller count (7= 0.66%*) plant height (» =
0.65*%), stalk girth (r = 0.54**), millable
stalks (» = 0.69**) were positively
correlated with cane yield while Brix value
was negatively associated with cane vield
(-0.41**) and the associations werehighly

significant,

Path coefficient aqa!}rsis revealed the
direct positive effegt of millable stalks
(0.14), plant height (D.37) and tiller count
{0.35) on the -response variable (cane
yield). The direct result of millable stalk on
vield in suga.n:ﬂnev-ﬁla stated by Kang et af
(1989} and Chaudry and Joshi, (20035).
Stalk length had a low and negative direct
effect (-0.09) on cane yield but had a J
=

positive indirect effeqt through tiller count,
plant height and millable stalk.




Table Ib: List of the 40 sugarcane varieties evaluated in Ikenne and ﬁgm&huda

{Southern Nigeria). : |
SN Variety “Point of collection /N Vanety P‘pint of Collection
1. BOO72 Barbados i DEGRT Df:maram
2. B74541 Barbados 22, KN93067 Sudan
3. B77602 Barbados 23. KNHBR0412 Sudan
4. BB06RY Barbados 24, MIIT6/TT Mauritius
5.  BR85266 Barbados 25, MI246/34 Mauritius
6. BRSE77 Barbados 26,  MI1334/84 Mauritius
7. . B93310 Barbados 27.  MI672/90 Mauritius
8. B98&s53 Barbados 28, MI1861/89 Mauritius
9. BRO42008 Barbados 29, Ml?i#l:f'g'l Mauritins
10. RBB2/5211  Brazl 30.  M2238/89 Mauritiug
11.  BR971007  Barbados 31, M2256/88 Mauritius
12.  BR9R006 Barbados 32, M2593/92 Mauritius, T
13. BT871646  Barbados 33. MT703/809 Mauritius
14,  Cof806 Coimbatore 34. RB72/454 Brazil
15,  CoS605 Coimbatore 35. RB86/3129 Brazil
16.  Co88025 Coimbatore 36.  RB94/299] 3razil
17.  Co91017 Cdimbatore 37.  SP71-6180 Srazil
18.  Co%4102 Coimbatore ‘38.  SP81-3250 Brazil
19.  CoB906 Coimbatore 39, B47419+ Barbados
20.  CoC671 Coimbatare 40,  Co997+ Coimbatore
+; Check entry '

|
oaple 2: Means for cane yield and related traits in different orop eycies n two plastingsites
in southern, Nigeria '

stalk characteristics !
Cropeyele(CC) Length  Diameter Millable population Singlestalk  “Brix  Camevield %Reduction relative
con)  (em)  (mumberblod)  weight (ka) (teha) to plant crop I
Agenebode (southem Guinea savannah Zone)
Plant crap 197.30 2352 |64 24 2173 7683
First Ratpan B0 243 152 1.13 2295 62,63 18.48
Second Ratoon 20730 233 164 L7 210 43 43y
Third Ratoon 17729 106 153 118 1837 39, ?ﬁ 40.11
“Tkenne [Ram forest 7o Zone) |
Plant crop 16230 236 14] 2561 2005 6045
First Ratoon 158.00 0.78 109 - 123 1843 5238 24.58
Second Ratoom 25320 108 1[0 1.08 2200 5164 2564
Third Ratoon 15300 229 195 - 1l 2118 4502 3518
L3Da00s (PS) 1914 0.06 937 134 053 725,
LSDA0OS(CC) 1098 008 3340 0.06 130 1430
LSDA0OS(PSXCC) 2459 018 4354 055 136 18.57

P8= Planting Site ' |
|

67



DISCUSSION

Yield improvement is given topmost
priority in most breeding programs (Cox
et al., 1996) however, direct selection for
vield sought by breeders have been
complicated by the complex nature of its
inheritance and also because of the
negative correlation between cane yield
other traits of importance like percent
brix. To increase vield, selection for
component traits that have a high
heritability and a positive correlation with
yield is wusually dome in breeding
programmes (Sabesan ef al., 2009; Ullah
etal.,2011, Ogunbayo et al., 2014). _
The use of regression and correlation
coefficient analyses reveals the genetic
relationship that exists with yield and
other yield related traits, it also shows
their association with the various

environment. The significant contribution -

of millable stalk, plant height, stalk length
and tiller count umply that the yield of
cane is dependent on these confributing
characters especially on milleable stalk.
This therefore shows that an increase or
improvement in millable stalk will be
significant on the cane yield of sugarcane.
The above corroborates the findings of
Hussem et al (2012) who reported

millable stalk as one &f the contributory’

traits to the vield of sugarcane.
Correlation - coefficient between cane
yield dnd its component traits may be due
to genetic association -among the
characters which is of utmost importance
to a bresder. The strong correlation
between component traits and cané yield
suggests that the traits could be improved
simultaneously. This ig:in line with the
findings of Khan et al, (2012) who
reported positive and significant
association between the yvield of cane, its
girth, the weight per stool, yield of sugar,
number of tiller and percent purity among
twelve sugarcane clones. Ali et al., (2017)
also stated that positive correlations was

observed between| all measured traits
among sugarcane genotypes. Percent brix
however had a negative and significant
correlation with cane yield suggesting a
converse relationship hetween traits and
this implies that both traits cannot be
improved simultaneously. The negative
correlation observed between these traits is
in agreement with the findings of Tahir e
al., (2014), Sanghera et al, (2013),
Shikanda et al., (2017) also reported that
among sugarcane, the association between
cane vield and percent brix is negative in
nature. Therefore, the higher the vield of
cane, the lesser the percent brix content.
Path coefficient ysis allows the
decomposition of the correlations 1nto the
components of direct and their indirect
effects through | other component
characters by pail'titiﬂning correlation
which helps breeders to identify the traits
that can be used as 4 criterion for selection
in a breeding programme (Vinesh ef al,
2018). Therefore, it is more effective when
selection is carriedd out for correlated
characters that have a direct influence on
yield, IIEEEESitﬂtinF the use of path
coefficient analysis|which is an excellent
tool for assessing di!rcnt and indirect effect
of the component traits on complex traits
(Kang et al, 1989). In other words,
correlation did not explain the true
relationship between these characters and
indirect effects through some other traits
seem to be the cause of the comelation.
Khan et al, (20013) stated that the
association of yield with its components
could result from a direct effect or an
indirect effect through some other
components traits. Tena ef al. (2016) also
reported similar results, The influence of
number of stalks, its diameter, length and
single cane weight on cane yield have been
reported by Shanmuganathan et all (2015)
and Sanghera et ]j;:_ (2017). From the
results of this study, it can be concluded
that correlation studies revealed that cane
yield of sugarcane T\d positive and




|

|
These yield contributing components were
also involved in the contribution of other
characters to cane vield. Therefore, these
characters shmﬂjﬂ be considered as
important selection criteria for the
improvement of these varieties for higher
yield.

significant associations with all the other
component traits studied except bnx
value which was also significant but
negatively correlated. Characters like
millable stalks, tiller count, plant height
and stalk length made the greatest direct
contribution to cane yield of sugarcane.

|
Table 3: Summary of Stepwise multiple regression ofcane yieldon -:rthn;sr agronomic traits of

Sugarcane
Characters Partial R % Contribution to_ F-value
Yield
Millable stalk 0.1501 15.01 | 225.64%*
Plant height 0.0177 1.77 27.17**
Stalk length 0,0107 1.07 16.62**
Tiller count’ 0.0098 0.98 15.40%*

#+ Siemificantly different at 001 level of probability

Table 4: Phenotypic correlation coefficients for yield and component traits in sugarcane varieties

Tiller  Plant height Stalk girth Stalklength Millable  Brix Cane
count  (cm) {em) (cm) Stalks value  Yield
Tiller count
Plant height, em| 0.62%* :
Stalkgirth{cm) | 0.16 0.35*
Stalk length ‘
{cm) 0.34*  043%* A0.04 -
Millable Stalks | 0.86** 0.78%* 0.17 0.34* |
Brix valoe 022 0323 .13 .02 0.22 |
Cane Yield 0.66%* (.65** 0.54%* (.23 06547 S _f|
Table5: Direct and indirect effects of first order predictor variables
on cane yield of sugarcane. _
Traits Tiller Plant height Stalk ldugth Millable
count (em) (em) l Stalks
Tiller count 0.35 0.23 -0.03 | 0.12 .
Plant height (cm) 0.21 0,37 -0.04 | 01— -
Stalk le ngth (cm) 0.12 0.16 -0.09 (.05
Millahle Stalks 0.30 0.29 -[003 0.14 I
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