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Abstract

Information about the amount and distribution of genetic variation in germplasm collections is
important for their efficient management and effective utilization in plant breeding. Therefore
this study was conducted to assess genetic diversity of sugarcane germplasm in Ethiopia. An ex-
periment comprising of 400 sugarcane genotypes (174 local and 226 introduced) was conducted
between March 2012 and October 2013 at Wonji and Metehara Sugar Estates using partial bal-
anced lattice design with two replications. Data was recorded on 21 quantitative characters which
included cane yield and its components, sugar yield and sugar quality traits. ANOVA portrayed
highly significant differences (P < 0.01) among the genotypes for 21 quantitative traits. Cluster
analysis revealed intra cluster D2values ranging from 2.16 - 10.60 and inter cluster from 7.24 -
5864. There were six principal components accounting for 79.26% of the total variation in the
tested materials. Millable stalk count, single cane weight, stalk diameter, cane yield, sugar yield
and sugar quality traits showed high positive loading on the first two PCs and accounted for most
of the variation observed among the genotypes. Therefore, this study suggested that the important
characters responsible for diversity in the sugarcane genotypes could be grouped in two principal
components namely “Yield” and “Quality” with “Yield” traits being comparatively more important
than “Quality”. Genotypes clustered for high mean values of various traits could be exploited for
further improvement of the crop either through selection or through hybridization. The clusters
having high mean value for yield could be selected for yield per se as well.
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1. Introduction

Saccharum is a complex genus characterized by high ploidy levels and composed of at least six distinct spe-
cies—S. officinarum, S. barberi, S. sinensi, S. spontaneum, S. robustum and S. edule. Accurate assessment of
genetic diversity is very important in crop breeding as it helps in the selection of desirable genotypes, identify-
ing diverse parental combination for further improvement through selection in the segregating populations, and
introgressing desirable genes from diverse germplasm into the available genetic base. Therefore, genetically di-
verse germplasm is needed in breeding programs to enhance the productivity and diversity of cultivars. Utiliza-
tion of introduced germplasm and the knowledge of genetic remoteness among them are vital for their manipu-
lation in crop improvement program [1]. In any breeding program collection of germplasm is always the first
step as it provides plant breeders with sources of useful traits. Especially collecting local germplasm would be
crucial as they provide locally adapted genes for better crop improvement. Towards this effort, an exploration
and collection of local sugarcane germplasm in different geographic regions of Ethiopia has been conducted and
more than 300 materials were collected [2]. Documented in a history of the monastery in Northern Ethiopia, it
was learnt during this survey that sugarcane had been growing in the country since around 16" century [2]. It is
presumed that sugarcane was introduced into Ethiopia in the 16™ century by the Portuguese with other food
crops like rice, banana, lime, mandarin and ginger [3].

Sugarcane has commercially been grown in Ethiopia for the manufacture of white sugar in the Upper Awash
River Basin at Wonji on 5000 ha since 1951 which was started by a Dutch Handles Vereening Ammsterdam
(HVA) company [4]. The second sugar estate at Metahara started production in 1969/70 and the third at Fincha
in 1998. At present sugarcane is cultivated on 37,000 ha and the four sugar mills in different parts of the country
produce about 300,000 ton sugar per annum. Data from the last 10 years (2004-2013) indicated that the average
cane yield at Wonj and Metahara ranged from 1300 - 1500 gt/ha and 1700 - 1800 gt/ha, respectively. Similarly,
the average sugar percent obtained from the sugar mills indicated 11.5% - 12.5% at Wonji and 10% - 11% at
Metahara. Accordingly the sugar yield ranged from 162.5 - 187.5 gt/ha and 187 - 198 gt/ha at Wonji and
Metahara respectively.

As it has never had its own breeding program, the sugar industry of Ethiopia has been relying on imported va-
rieties to satisfy the varietal requirements of the sugar cane plantations. So far more than 300 varieties were im-
ported. Currently only 6 to 7 varieties are grown widely and commercially across Ethiopian Sugar Estates. This
is because most of the varieties were not adaptable to the local agro ecological conditions of the country. Even
the varieties under cultivation now are of old generations and are contracted with many problems and conse-
quently of low yielders. In light of these, the Sugar Corporation of Ethiopia is currently on its way of establish-
ing sugarcane breeding program. Therefore, establishment of good sources of sugarcane germplasm, of both ex-
otic and local origin, and its characterization are of great importance to provide a diverse genetic base and effi-
cient management of the germplasm source for sugarcane improvement program of Ethioipa.

Information about the amount and distribution of genetic variation in the germplasm collections is important
for their efficient management and effective utilization in the breeding program. Multivariate statistical analysis
techniques like Principal Component Analysis (PCA) and Cluster Analysis techniques could be used for evalu-
ating genetic diversity among sugarcane genotypes. In studies on genetic divergence using cluster analysis, Ma-
halanobis’ generalized distance (D?) is commonly used as a measurement of proximity [5] due to the fact that
characteristics with different measurement units and normally correlated are being considered, the optimization
method of Tocher is also frequently used as a clustering algorithm, as described by [6].

These analyses have been used successfully to study genetic diversity. Reference [7] studied 30 hybrid clones
involving Saccharum barberi, S. officinarum, and co-hybrid to evaluate their seven parents to find out the nature
and pattern of genetic divergence. The clones were grouped in 15 clusters and grouping of progeny clones was
independent of parent cross combination. They concluded that hybridization among clones from diverse clusters
may help in isolating progenies with higher sugar yield and its traits. Reference [8] evaluated sugarcane germ-
plasm from field plots of four Saccharum species and four commercial cultivars by means of analysis of sugar
composition. Cluster analysis indicated heterogeneity within and among these species. They concluded that in-
formation on sugar composition should assist breeders in selecting superior clones for the relevant breeding
programs. Ninety-four genotypes of S. spontaneum were studied by [9] for principal component and cluster
analysis based on seven quantitative traits of S. spontaneum. The three principal components obtained provided
82.47% cumulative variance. Based on these seven traits, the 94 S. spontaneum genotypes were grouped into 4
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clusters.
The present study was conducted to quantify the genetic diversity of quantitative traits using multivariate
methods for locally collected and introduced germplasm in Ethiopia.

2. Materials and Methods
2.1. Description of the Study Sites and Plant Material

The experiment was conducted at Wonji and Metehara sugar estates during 2012/2013.

2.1.1. Wonji

Wonji Sugar Factory is located in Oromia Regional Government State, Eastern Shewa Zone, Adama Woreda,
About 110 km from Addis Ababa and about 10 km south of Adama Town with latitude 8°31'N and longitude
39°12'E with elevation of 1550 masl. The average annual rainfall is 800 mm with maximum and minimum tem-
peratures 26.9°C and 15.3°C respectively [10].

2.1.2. Metehara

Metehara sugar factory is located in Oromia Regional Government State, Eastern Shewa Zone about 200 Km
from Addis Ababa and about 8 km south of Metehara Town with latitude and longitude 8°51'N and 39°52'E re-
spectively and with elevation of 950 masl. Annual rainfall is 554 mm with temperature maximum and minimum
of 32.6°C and 17.5°C respectively [10].

2.2. Plant Materials

The plant materials for this study consisted of a total of 400 accessions of which 174 were local sugarcane
germplasm collected from different regional states of Ethiopia and 226 were introduced sugarcane germplasm
collections maintained at conservation garden of Research and Training, Sugar Corporation, found at Wonji (see
Appendix in Supplementary Material available online at http://dx.doi.org/10.4236/ajps.2016.710139). Selection
among the local genotypes was made based on geographical regions where the materials were collected and the
morphological variations noted during the collection work and when the varieties were quarantined in their col-
lection areas for one year. In exotic/introduced genotypes selection was made taking into consideration the
variation in place of origin i.e. source countries and different periods of introductions to the country.

2.3. Experimental Design and Field Layout

The experiment was laid out in 20 x 20 partial balanced lattice design with two replications. Canes were cut into
three budded sets and planted in single row plots of 5 m x 1.45 m and 20 cm between plants within a row. Uni-
form crop management practices like irrigation, cultivation and fertilization were applied to all entries in the trial
as recommended for the areas. Urea was applied 2.5 months after planting at a rate of 200 kg-ha™* at Wonji and
400 kg-ha* at Metehara. The crop was harvested 20 months after planting as plant cane takes 18 - 20 months to
mature at the two sugar estates.

2.4. Data Collected

Data on quantitative stalk characters (Table 1) was recorded viz sprout count 1 and 2 months after planting
(SPC1IMAP and SPC2MAP), tiller counts 4 and 5 month after planting (TCAMAP and TC5MAP), stalk count
10 months after planting (STC10MAP), hand refractometer brix reading 10 months after planting (HRBrix
10MAP), Millable stalk count per hectare (MSCHA), single cane weight (SCW), number of internode (NOI),
internode length (IL), stalk height (SH), stalk diameter (SD), leaf length (LL), leaf width (LW), leaf area (LA),
Cane yield per hectare (CYHA), Sugar yield quintal per hectare (SY). Data on juice quality parameters i.e. brix
percent (brix%), pol percent (pol%), purity percent (purity%) and sugar percent (SR%) was also recorded. For
every accession, ten plants were used for recording data for quantitative characters, which were recorded on plot
basis. Count data and cane yield was recorded considering all cane stalks from the whole plot. For quantitative
leaf characteristics measurement, a procedure developed by [12] was used.
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Table 1. List of quantitative characters recorded in the study.

Quantitative Traits Code Description
Sprout count SPC Number of primary/mother shoot emerged from planted bud
- Number of secondary, tertiary, etc shoots emerged from
Tiller count TC primary shoots
Leaf length (cm) LL Length of the third leaf from the flag leaf
Leaf width (cm) LW Width of the third leaf from the flag leaf
2 Area of the third leaf from the flag leaf, computed as (leaf length x
Leaf area (cm’) LA leaf width x 0.747) suggested by Stickler et al. (1961)
Stalk count 10 month after planting STC10MAP The number of millable stalks 10 month after planting
HRBrix percent 10 month after planting HRBrixIOMAP  Hand rifractometer brix reading 10 month after planting
Number of millable canes (count)/plot MSCPL stalks with four or more visible internodes at 10 months or after
. Number of millable cane produced per hectare calculated from
Number of millable canes (count)/hectare MSCHA millable stalk count per plot
Stalk thickness/diameter (cm) SD Width of stalk at mid internode
. Height of a sugarcane plant measured from ground level to the
Stalk height/Cane length/ (cm) SH top visible dewelap.
Number of internodes (count) NI Count of total internodes per plant
Internode length (cm) IL Length of the third internode counted from the ground surface
Cane yield per plot (Kg) CYPL Weight of cane harvested from an experiment plot
Cane yield per hectare (qt/ha) CYHA The weight of millable sugarcane produced per hectare of land
or calculated from cane yield per plot
. . Weight of cane harvested from an experiment plot divided by
Single cane weight (kg) Sew the number of millable cane per plot
Juice Brix refers to the total solids content present in the juice
Brix percent Brix% expressed in percentage. Brix includes sugars as well as
non-sugars as indicated by a brix hydrometer.
Pol percent/ Juice Sucrose percent Polv The juice sucrose per cent is the actual cane sugar present in
P P ’ the juice determined by reading on the scale of polarimeter.
Purity percent Purity% The ratio of pol to brix. Pty = Pol/ Bx x 100
Amount of sugar recovered from the cane. Obtained by the formula:
Sugar percent SR% = ((pol% — (brix% — pol%) * 0.7)) * 0.75 as described in Winter Carp
indirect method of cane juice analysis [11].
Sugar yield per hectare (qt/ha) sy Amount of crystal sugar produced per hectare of land. Obtained

by multiplying cane yield per hectare with sugar percent

2.5. Statistical Analysis
2.5.1. ANOVA

All the quantitative agro-morphological characters and sugar juice quality parameters considered (Table 1) in
the study were statistically analyzed as simple partial balanced lattice design using the statistical procedures de-
scribed by [13]. Characters with count data were log transformed before analysis [13]. ANOVA was done first
separately for the two locations. Combined ANOVA was done over locations after the homogeneity of error
variance was tested using the F-max method of [14], which is based on the ratio of the larger mean square of er-
ror (MSE) from the separate analysis of variance to the smaller mean square of error as:

F —ratio =

Larger MSE
Smaller MSE
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If the larger error mean square is not three-fold larger than the smaller error mean square, the error variance
was considered homogeneous [13].

For characters having significant mean differences, the difference between treatment means was compared
using Tukey’s Studentized Range (HSD) Test at 5% of probability. All statistical analyses and data processing
was performed using SAS software V9.

2.5.2. Cluster Analysis

Cluster analysis was employed by average linkage method using the appropriate procedure of SAS software V9.
Means of each quantitative character were standardised prior to clustering as suggested by [15] to avoid the ef-
fect due to difference in scale. The genotypes were grouped into different clusters using Tocher’s method as de-
scribed by [16]. The resulting cluster was subjected to Mahalanobis’ D? statistics to assess inter and intra diver-
gence among clusters.

2.5.3. Principal Component Analysis

Principal component analysis (PCA) was used as a data reduction tool to summarise the information from phe-
notypic data so that the influence of noise and outliers on the clustering results is reduced. Principal component
analysis was performed on the traits using SAS software V9 in order to study the relationship among the geno-
types and to complement and confirm the grouping obtained through cluster analysis [17] [18].

3. Results and Discussion
3.1. Analysis of Variance

Analysis of variance results for 400 genotypes indicated significant differences for all the characters under study
(Table 2). All phenotypic traits including sugar quality traits showed highly significant variation revealing a
high level of genetic diversity among them. Therefore, the existence of the genetic variability among the studied
clones demonstrated a favorable situation to practice the breeding program. This result indicates that there was
significant amount of phenotypic variability and all the genotypes differed with each other with regard to the
characters that opened a way to proceed for further improvement through simple selection. Genetic variability in
germplasm resources is a prerequisite to practice selection [19] [20]. The relatively large genotypic mean
squares indicated that clones differed in their potential for the traits. Significant genotype x location interactions
for most of the traits revealed that mean performances of the genotypes were influenced by the locations. This
interaction was largely due to changes in the relative ranking of the genotypes across the locations which sug-
gest that at this stage evaluating sugarcane genotypes in more locations rather than one may be satisfactory.

Comparative advantages of means of characters of the 5% best selected accessions (Appendix 1) for most of
the agronomic traits showed that local varieties collected from different geographic regions of the country had
superiority over the standard varieties B52298 and NC0334 and mean of commercial cane cultivars (MCV)
(Table 3) and those of the introduced varieties amongst the 5% best selected. Though the sucrose recovery per-
cent was relatively higher for the introduced varieties amongst the best 5% selected, the higher cane yield per
plot recorded for the local varieties compensated for their superior sugar yield over the standard varieties and
mean of MCV. The local variety Nech Ageda collected from Amhara Region, Debub Welo Zone, Borena
Wereda showed the highest sugar yield and 60.66%, 38.13% and 127.85% comparative sugar yield advantage
over B52298, NCO334 and MCYV respectively.

This variety had the highest stalk count per plot recorded 10 months after planting during which time that is 9
- 10 months after planting when the stalk population stabilizes and the potential number of millable stalk would
be known. The highest cane yield was also recorded for this variety.

Relatively higher tiller counts per plot four and five months after planting was recorded for the local varieties
Ye Beskula Shenkora, Nech Kechacha Shenkora/Getr, Moris and Engda and among introduced varieties like
C0810, C0991, CP72/2083, DB386/60 showed higher tiller counts (Appendix 1). The highest millable stalk
count at harvest was recorded for B4425, B45154, CO842, B4906, CO957, Ye Beskula Shenkora, Nech Ageda,
Aladi, and Moris. With regard to cane yield among the 5% best selected (20 clones) 18 were local varieties and
only two introduced varieties namely B4425 and N55/805. This was also true in measure of single cane weight
where 17 of the 20 selected were local varieties. Relatively higher inter node counts were recorded for the local
clones whereas higher inter node length was observed in the introduced varieties. Among the 20 best selected
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Table 2. Analysis of variance for morphological and juice quality traits of sugarcane tested over two locations (Wonji and Metehara

2012/2013).
Characters' Location Replication block(Replication) Accession Location*Accession Error CV (%)
(1) 1) (19) (380) (399) (780)
SPCIMAP 10.675** 6.887* 1.102" 1.978** 1.938** 1.055 49.24
SPC2MAP 386.921** 20.108** 1.240"™ 1.498** 1.237* 1.044 35.89
TC4AMAP 567.169** 23.802** 0.983™ 1.875** 1.237** 0.957 25.27
TC5MAP 44.092** 0.082"™ 0.626™ 0.953** 0.919** 0.559 18.63
STC10MAP 46.119** 17.248** 0.372"™ 1.066** 0.616** 0.289 13.88
HRBrix10MAP 591.961** 50.116** 3.531"™ 3.138"™ 3.430™ 3.424 12.10
MSCHA 40.712** 3.074** 0.409* 1.196** 0.590** 0.252 4.49
SCW 1.180** 3.156** 0.145™ 0.517** 0.166** 0.123 23.12
NOI 779.806** 250.431** 18.531™ 52.037** 26.659** 14.623 13.57
IL 20.473"™ 1.962™ 7.351"™ 15.618** 10.229™ 9.235 34.35
SH 88352.063** 9279.902** 640.917™ 3337.181** 1243.085** 872.007 12.29
SD 5.050** 0.001" 0.042" 0.337** 0.089** 0.060 9.18
LL 8953.181** 5978.962** 212.970™ 526.532** 359.608** 189.594 10.76
LW 0.483"™ 27.152** 0.483™ 1.844** 0.792** 0.622 18.39
LA 132290.602** 545322.802** 6137.660™ 25433.571** 12832.068** 9734.180 23.89
CYHA 5857126.000**  7375569.600** 284712.100™ 1667648.400** 619916.600** 279325.000  39.12
Brix 4.364™ 24.310** 1.271™ 5.225** 2.164* 1.791 6.90
Pol 34.281** 32.627** 1.499"™ 6.202** 2.410** 1.861 7.52
Purity 354.399** 19.678™ 7.269" 13.471** 8.545** 6.697 2.77
SR 61.297** 20.338** 1.036™ 4.052** 1.601** 1.199 8.44
SY 38976.630** 79538.100** 5466.260" 30595.530** 11103.880** 5298.920 41.00

'SPC1IMAP and SPC2MAP = Sprout count 1 and 2 months after planting; TC4MAP and TC5MAP = Tiller counts 4 and 5 month after planting; STCLOMAP =
Stalk count 10 months after planting; HRBrix1IOMAP = Hand rifractometer brix reading 10 months after planting; MSCHA = Millable stalk count per hectare;
SCW = Single cane weight (Kg); NOI = Number of internode; IL = Internode length (cm); SH = Stalk height (cm); SD = Stalk diameter (cm); LL = Leaf length
(cm); LW = Leaf width (cm) LA = Leaf area (cm% CYHA = Cane yield (qt/ha); Brix = Brix percent; Pol = Pol percent; Purity = Purity percent; SR = Sugar
percent; SY = Sugar yield (qt/ha); *P = 0.05, **P < 0.01, ns = non significant, numbers in parenthesis are degrees of freedom.

Table 3. Mean of 21 quantitative characters* for 10 commercial varieties in Ethiopian sugar estates.

Accessions A B C D E F G H 1 J K L M N (e} P Q R S T U
B 41227 30 126 118 51 33 16.00 119310 1.42 28 28.00 246.70 2.30 119.00 3.30 392.26 1962.10 18.59 17.48 93.85 12.53 269.02
B52298 18 33 70 67 75 15.45 122414 1.77 26 7.68 197.15 2.76 147.63 4.28 470.29 2169.25 20.23 18.80 92.92 13.40 289.75
CO449 9 22 33 55 45 15.05 105172 0.98 23 10.84 244.73 2.34 135.80 4.49 456.73 995.00 19.66 18.45 93.79 13.24 135.00
CO678 2 11 49 44 35 16.37 41379 1.01 19 9.89 192.33 2.48 135.30 4.13 413.25 475.75 16.64 14.77 88.65 10.16 51.25
CO680 10 22 46 51 46 14.76 56207 2.04 31 7.91 243.35 2.65 136.55 4.72 482.91 1160.50 20.40 19.15 93.81 13.75 162.75
CO 740 3 23 42 95 41 15.12 74828 1.57 29 8.42 23538 2.77 110.20 4.66 385.05 1257.75 19.73 18.17 92.12 12.86 161.25

DB 377/60 13 32 63 58 59 16.50 79483 1.41 30 7.82 231.89 3.04 136.38 4.36 450.66 1106.50 19.76 18.30 92.47 13.00 144.50

Mex 54/245 8 5 40 49 42 14.76 95517 1.78 27 10.12 256.68 2.81 123.75 5.56 518.19 1710.50 19.96 18.59 93.05 13.24 230.00

N 14 18 25 85 90 76 17.26 113104 1.61 29 8.69 250.40 2.53 137.10 3.76 383.62 1819.25 20.82 19.91 95.61 14.48 262.50

NCO 334 6 37 134 62 109 13.51 166207 1.46 27 9.06 239.75 2.83 133.75 4.98 665.12 2424.50 19.96 19.15 95.98 13.94 337.00

Mean 12 33 68 62 56 1548 97362 1.50 27 10.84 233.83 2.65 131.55 4.42 461.81 1508.11 19.57 18.27 93.23 13.06 204.30

*A = Sprout count 1 month after planting; B = Sprout count 2 month after planting; C = Tiller count 4 month after planting; D = Tiller count 5 month after
planting; E = Millable stalk count 10 month after planting; F = Hand refractometer brix reading 10 month after planting; G = Millable stalk count per hectare at
harvest; H = Single cane weight (kg); | = Number of internodes; J = Internode length (cm); K = Stalk height (cm); L = Stalk dimeter (cm); M = Leaf length
(cm); N = Leaf width (cm); O = Leaf area (cm?); P = Cane yield (qt/ha); Q = Labratory brix%; R = Pol%; S = Purity%; T = Sugar%; U = Sugar yield (qt/ha).
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(5%) for stalk diameter 16 were local varieties where medium thick stalk diameters ranging from 3 - 3.5 [21]
was recorded. The highest and lowest stalk diameter was recorded for the local varieties Kay Sidancho and Nech
Ye Abesha Shenkora respectively. In terms of leaf area the standard variety NCO334 scored the highest value
followed by the local varieties Ye Kenya Ageda and Nech Shenkora (code 35 as in Appendix 1). Among the
best 5% selected, higher values of brix%, pol%, purity% and sugar% were recorded mostly for the introduced
varieties.

This information helps to determine the genetic variability and contribution of some morphological traits in
cane Yyield and sucrose recovery and can largely facilitate the formulation of appropriate selection strategies to
develop the clones of best commercial merits, which are suitable for the cultivation in different climate zones.

3.2. Cluster Analysis

Cluster (segmentation) analysis for phenotypic traits showed a clear demarcation between sugarcane accessions
(Table 4). Furthermore, Table 5 showed differences among clusters by summarizing cluster means for the 21
quantitative traits. Based on these traits, the accessions were grouped into different clusters. The dendrogram di-
vided the accessions into nineteen main clusters and a singleton. The first cluster included 136 genotypes out of
which 62 were introduced while the rest 74 were local clones. This indicated that these local genotypes have
close similarity with the group of exotic sugarcane accessions belonging to this group. This cluster is characte-
rized by accessions having HRBrix10MAP, number of internodes, leaf length values close to the grand mean.
Furthermore, it has brix, pol, purity and sugar percent greater than the grand mean averaged over all clusters.
Cluster two consisted of 120 accessions where 67 were introduced and 53 local accessions. The genotypes in
this cluster demonstrated values greater than the grand mean for most of the traits which included millable stalk
number, cane yield, single cane weight, stalk height, stalk diameter, leaf area, brix, pol, purity and sugar present
and sugar yield. Genotypes in this cluster could contribute in the future breeding program with regard to these
traits. Cluster three had only six local accessions out of the total 80, which were collected from different geo-
graphic regions of the country. This indicated that these accessions had genetic similarity with the rest of exotic
accessions within the cluster. TCSMAP, STC10MAP, HRBrix10MAP, MSCHA, SH, brix%, pol%, purity% and
SR% had values greater than the grand mean in this cluster.

Cluster four comprised seventeen accessions all of which were local accessions. This accessions, though col-
lected from different geographic regions of the country, they tend to cluster together indicating source of origin
is not the criteria for clustering. Amazingly these genotypes had 18 of the 23 quantitative traits with means
greater than the grand mean averaged over all the 20 clusters. Out of these traits TCSMAP, SCW, SH, SD, LL,
CYHA and SY had the second largest means from all the clusters. These genotypes reliably would be major
contributors to improve these traits in the crossing programs. Cluster five consisted of seven accessions four of
which were foreign varieties namely CP 1/441, M112/34, M377/5, Mex53/142 introduced from three source
countries i.e. Canal Point, Mauritius and Mexico, respectively. The other three accessions America, Nech
Shenkora /Shenkora Adi and Nech Shenkora were local collections from three different regions in the country
SNNP, Oromia and Amhara. This cluster had accessions with stalk height, stalk diameter, leaf width, brix, pol,
purity, and sugar percent which had values greater than the grand mean and a mean leaf area comparable to the
grand mean. Cluster six had eight genotypes all locals except one exotic accession CO945 form Coimbatore, In-
dia. This variety should have close similarity with the local accessions with which it cluster together. Accessions
in this cluster had mean values greater than the grand mean for number of internode, stalk diameter, leaf length
and width and leaf area. Other traits had means lower than the grand mean. Cluster seven contained four exotic
accessions B45154 and B58230 from Barbados and CO842 and CO957 from Coimbatore, India. These varieties
might share same parents in their genealogical history; this could be the reason for their clustering together. The
genotypes in this cluster showed mean performance greater than the grand mean for tiller counts 4 and 5 months
after planting, stalk count 10 month after planting, millable stalk number, cane yield, internode length, stalk
height and leaf length. However, they had low single cane weight. Furthermore, they had lower means than the
grand mean for all sugar quality parameters.

Cluster eight consisted of five local accessions collected from different parts of the country. No exotic variety
has clustered with these clones. These accessions demonstrated the shortest internode length, shortest stalk
height, the narrowest stalk diameter, lowest single cane weight, narrowest leaf width and the lowest leaf area of
all the clusters. They have also showed lower mean than the grand mean for all the traits including sugar quality
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Table 4. Clustering of 400 sugarcane genotypes into twenty clusters using mean of 21 quantitative characters (numbers refer to
code of genotypes (see Appendix in Supplementary Material available online at http://dx.doi.org/10.4236/ajps.2016.710139).

Cluster No. of genotypes Genotypes

32, 49, 76, 93, 15, 113, 69, 74, 36, 33,
53, 134, 371, 84, 101, 26, 118, 198, 48, 99,
23, 41, 14, 265, 97, 429, 21, 180, 379, 47,
183, 54, 232, 152 165, 266, 360, 71, 78, 110,
115, 37, 166, 215, 227, 131, 98, 392, 45, 162,
400, 412, 182, 223, 295, 174, 197, 172, 6, 333,
417, 199, 246, 280, 239, 393, 127, 394, 238, 437,
34, 171, 230, 240, 116, 359, 44, 175, 196, 288,
144, 25, 121, 409, 123, 217, 252, 374, 119, 132,
107, 126, 105, 269, 299, 178, 184, 179, 388, 362,
408, 231, 440, 35, 5, 173, 11, 31, 287, 315,
302, 439, 237, 250, 257, 435, 436, 390, 347, 310,
19, 111, 117, 208, 133, 2, 10, 59, 378, 283,
150, 330, 404, 234, 209, 421

9, 170, 72, 80, 247, 383, 91, 106, 70, 68,
289, 281, 423, 219, 340, 274, 85, 30, 206, 366,
143, 334, 94, 216, 42, 271, 142, 161, 399, 441,
403, 406, 79, 83, 39, 81, 195 292, 158, 351,
62, 186, 233, 160, 418, 270, 415, 309, 373, 248,
370, 332, 380, 29, 188, 89, 327, 12, 290, 372,
255, 314, 308, 303, 114, 224, 176, 51, 103, 122,
192, 324, 343, 229, 300, 348, 73, 92, 331, 46,
3, 254, 363, 304, 82, 241, 401, 141, 136, 228,
187, 364, 63, 163, 24, 275, 356, 124, 226, 235,
50, 307, 75, 87, 311, 318, 395, 276, 317, 305,
422, 432, 253, 177, 27, 156, 191, 56, 427, 20
398, 402, 419, 428, 272, 312, 244, 286, 405, 410,
326, 349, 282, 396, 251, 365, 213, 339, 204, 298,
245, 341, 263, 431, 212, 220, 211, 301, 325, 367,
90, 243, 221, 420, 354, 323, 338, 222, 345, 335,
Cs 80 214, 64, 278, 218, 337, 321, 320, 202, 382, 264,
328, 242, 355, 357, 361, 268, 350, 194, 260, 306,
344, 154, 96, 397,

8, 13, 313, 384, 259, 353, 207, 426, 381, 377,
193, 249, 368, 201, 433, 225

40, 159, 60, 4, 7, 140, 189, 164, 190, 149,

C: 136

C, 120

Ca 17 139, 151, 100, 67, 77, 38,1

Cs 7 120, 389, 346, 22, 58, 386, 391
Cs 8 145, 167, 55, 65, 57, 185, 61, 294
c, 4 205, 296, 291, 236

Ce 5 146, 155, 18, 128, 16

Co 3 203, 430, 28

Cuo 3 138, 157, 43

Cu 2 297, 385

Cu 3 169, 407, 66

Cus 2 267, 434

Cue 3 153, 203, 210

Cus 2 279, 425

Cis 1 273

Cy7 1 424

Cis 1 181

C 1 104

Ca 1 200
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parameters. In terms of sugar yield they out performed only accessions in cluster 15 and 19. These lower means
caused the separate clustering of these clones alienated from the exotic varieties and other local clones. They
must have also peculiar characters different from those of the introduced varieties and the remaining locals,
which required further study. Results from further studies could reveal important traits, which could make them
good candidates for future sugarcane breeding program of the country to develop improved varieties that fit to
the different agro ecologies of the country. Cluster nine consisted of two foreign clones CO911 and PR980 form
Coimbatore, India and Puertorico respectively and one local clone, Nech Shenkora collected from SNNP Region,
Amaro special Wereda/Jijola kebele/Kore village/Cheffa district. This local clone should have similar character
with the exotic genotypes. It might also be similar to one of these exotic genotypes as there is a possibility for
sugarcane germplasm taken from the germplasm conservation gardens found at Wonji and Metehara sugar es-
tates and transported by local seasonal labourers who mostly come from SNNP. The accessions in this cluster
had the tallest leaf length and had the highest leaf area next to NCO334 in cluster 17, which is the standard
commercial variety. They have also exhibited larger means than the grand mean for number of internode and
stalk diameter and for sugar quality characters brix and pol. Cluster ten included three local varieties namely
Moris, Kay Ageda and Kay Shenkora collected from SNNP, Semen Mierab Tigray and Debub Tigray respec-
tively. These local clones are suspected that it could be the same variety called with different names in different
places, as there is human mediated movement of genotypes. This cluster grouped the accessions with the highest
sprout count one month after planting, longest stalk height, the widest stalk diameter, the highest cane yield and
highest sugar yield. The mean performance of other characters was also higher than the grand mean. These
groups of accessions will be very important to improve the most important yield components and cane and sugar
yield in the future breeding program. They could also be selected as candidate varieties to be further evaluated
and released for commercial purpose.

Cluster eleven consisted of two introduced genotypes CO961 and M53/263 from Coimbatore, India and Mau-
ritius. The accessions in this cluster were observed having the widest leaf width, the second longest internode
length next to accessions in cluster 20, the third widest stalk diameter next to accessions in cluster 10 and 4 and
the third largest leaf area next to clones in cluster 17 and 9. These two accessions also had mean values of cane
yield, single cane weight, stalk height, sugar yield and all sugar quality characters greater than the grand mean.
Cluster twelve comprised of one exotic accession TDRJAN from Australia and two local accessions Nech
Ageda collected from Amhara Region, North Shewa Zone, Kewet Wereda and Guracha Shenkora collected
from Oromia Region East Hararghe Zone Babile Wereda. Shortest internode and leaf lengths characterize ac-
cessions in this cluster. However, they had number of internode and all sugar quality characters greater than the
grand mean while other characters had lower values than the grand mean. Cluster thirteen consisted of two for-
eign clones CO434 and PR1059 introduced from Coimbatore, India and Puertorico respectively. Two other
clones from the same countries were also clustered together in cluster 9. This might indicate that some clones in
Coimbatore and Puertorico could have same parentage in their genealogy history. These accessions showed
lower values than the grand mean for all the characters evaluated. They have also scored the second lowest cane
yield.

Cluster fourteen included two accessions from Barbados B4425 and B4906 and one local collection Ye
Beskula Shenkora collected from Amhara Region South Welo Zone Legambo Wereda. The grouping of the two
Barbados varieties with this local clone revealed that there are shared characteristics among them. The acces-
sions in this group were characterized by the highest number of tiller number 5 month after planting, the highest
number of stalk number 10 month after planting, the largest number of millable stalk count and the lowest num-
ber of internode. These accessions also gave the third largest cane yield next to accessions in cluster 10 and 4.
The fourth highest sugar yield was also recorded for these group of accessions next to those in cluster 10, 4 and
17. They have also demonstrated higher mean values than the grand mean for most of the other traits. In the fu-
ture breeding program of the country this group of accession could contribute a lot to improve traits such as
tillering ability, millable stalk number and cane yield.

Cluster fifteen had two foreign clones CO678 from Coimbatore, India and 93-V1 from Natal, South Africa.
These accessions exhibited the lowest sprout counts 1 and 2 months after planting, the lowest number of tillers 4
month after planting. They had also the third lowest single cane weight after those accessions in cluster 8 and 7,
the lowest number of internode similar to accessions in cluster 13, the fourth lowest stalk height. In terms of
sugar quality characters, they showed the third lowest brix, pol and sugar percent next to accessions in clusters
19, 7 and the second lowest sugar yield next to the local clone Burabure Shenkora in cluster 19. Furthermore, for
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the remaining characters their performance was below the grand mean. In the remaining clusters 16 - 20, the ac-
cessions were not included in any of the clusters, and grouped as a singleton and stood individually as a separate
cluster, this indicates that they were phenotypically dissimilar from the other accessions.

Cluster sixteen had the single accession CO475 introduced from Coimbatore, India. This variety showed the
lowest millable stalk number, the highest single cane weight, the second longest leaf length next to accessions in
cluster 9, the second highest brix and pol next to accessions in cluster 5 and the third highest sugar percent next
to accessions in cluster 5 and 17. This accession had also mean values greater than the grand mean for sprout
count 2 month after planting, stalk diameter, leaf width and leaf area. However, for other characters lower mean
values than the grand mean was recorded. The accession demonstrated good values for sugar quality characters
that could be harnessed for breeding programs. Cluster seventeen consisted of only one accession, the standard
commercial variety NCO334, which was introduced from Natal, South Africa. This variety had the largest stalk
count 10 month after planting and the highest leaf area. It was also observed that it had the third largest millable
stalk number next to accessions in cluster 14 and 7, the fourth highest cane yield, the third widest stalk diameter
and the second widest leaf width next to accessions in cluster 11. From sugar quality parameters the third high-
est brix and pol percents next those in cluster 5 and 16, the second highest sugar percent next to accessions in
cluster 5 and the third highest sugar yield next to clones in cluster 10 and 4 was recorded. These values for the
observed characters must have caused it to stand as a single cluster.

Cluster eighteen consisted of a single local accession, Gende Lega collected from Oromia Region West Ha-
rarghe Zone Gubakoricha Wereda 05 Kebele Nanofaro district. This accession was characterized by having the
highest tiller count 4 month after planting. However, this tiller number was seen greatly reduced when counted 5
months after planting. The highest hand rifractometer brix reading 10 month after planting was also recorded for
this clone. The highest values recorded for these traits might be the reason for this accession clustering as sin-
gleton. For sugar quality parameters higher mean values than the grand means was recorded. Other traits showed
lower performance than the grand mean when averaged over all accessions in different clusters. Cluster nineteen
had the single local accession, Burabure Shenkora, collected from Benshangul-Gumz region Asosa Zone Megele
32 Sefera Tabia. This local clone is the one found in many parts of the country during the collection period. This
local clone was characterized by showing the lowest tiller count 5 month after planting, the lowest cane yield,
the lowest brix, pol, purity and sugar percent and the lowest sugar yield per hectare. It had also the second low-
est mean values for sprout counts 1 and 2 months after planting, tiller count 4 months after planting and millable
stalk number. Higher mean values than the grand mean was recorded only for single cane weight, stalk diameter,
stalk height, leaf length and width and leaf area.

The lowest mean values recorded for the important characters mentioned above should be responsible for the
clone to stood alone as single cluster. However, this local variety is known for its tolerance to biotic and abiotic
stresses and the ability to grow in marginal and drought prone areas. Therefore, it could be exploited for these
traits in the future breeding program.

The last grouping, cluster twenty consisted of a single exotic accession B41227. This accession showed the
highest sprout counts 2 months after planting and the longest internode length. It has mean values greater than
the grand mean for most of the characters including sugar quality parameters and sugar yield. The highest values
for sprout count and internode length seemed the reason for it clustering as a singleton.

Though cluster analyses grouped genotypes with greater similarity for agronomic traits, they did not necessar-
ily include the genotypes from the same source or origin. In most of the germplasm resources lack of association
between agronomic traits and origin has been reported [22] [23]. This information will be helpful to use in crop
breeding through identification of parents.

As discussed above based on the cluster means for different characters as given in Table 5, important charac-
ters that differentiate each cluster were identified. Crosses involving parents from these genetically divergent
clusters are expected to manifest maximum hetrosis and generate wide variability in genetic architecture. These
are also likely to produce potential recombinants with desired traits [24]. The characters contributing maximum
to the divergence should be given more emphasis for the purpose of further selection and choice of parents for
hybridization. There was high genetic diversity for the quantitative characters in the populations studied. The
genetic distances as measured by the pairwise generalized D? statistics between each cluster is shown in Table 6.
The standardized Mahalanobis D? statistics showed existence of high genetic distances among clusters. The first
exceptionally divergent D? values were obtained between cluster 20 and the rest of the clusters with D? values
ranging from 480 - 5864. The second exceptionally divergent D? values were between cluster 11 and the remaining
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clusters with D? values ranging from 480 - 5102. The uniquely high distance values in this case may stem from
the presence of highly contrasting character references, which resulted in D? values disproportionately high
among the clusters. The maximum genetic distance was found between clusters C15 and C20 with D? = 5864.
The second most divergent clusters were C8 and C20 with D? = 5708 and the third were C9 and C20 with D? =
5706.

The fourth and fifth most divergent clusters were C5 and C20 with D? = 5679 and C4 and C20 with D? = 5667,
respectively. The highest intra-cluster average D? value (10.60) was of cluster number 11, 13 and 15 while the
lowest intra-cluster average D? value (2.16) was of cluster number 1 (Table 6).

Generally the results of cluster and the D? analysis have shown that, local genotypes from the same collection
site were often in different clusters and likewise accessions from different collection sites often clustered to-
gether (Table 4 and Table 6), indicating the possibility of exchange of materials between sites and regions
within Ethiopia. Similarly, regardless of their origin foreign sugarcane cultivars from different countries tend to
cluster together and likewise accessions from the same foreign country were often in different clusters. Local
and exotic genotypes also grouped together in many clusters, which showed there should be some similarity
among them. The same phenomenon was reported in sugarcane elsewhere [25] [26] and in sorghum by [27].
This suggests that the genotypes of different locations have genetic similarity and could have been derived from
the same breeding material. Similar results were obtained by [7] wherein they found that the progenies of a cross
clustered independently of their parents. However, in three of the clusters C4, C6 and C8 except only one for-
eign clone C0O945 in C6, these clusters contained local materials. These local clones should have their own
unique properties that separate them from the exotic accessions and the other local clones.

Based on the average intra and inter-cluster distances one can early predict the genetic diversity that exist
within and between clusters. Since in Ethiopia little information is available on sugarcane, it could be used for
further planning of experiments using huge genetic resources. This information helps to determine the genetic
variability and contribution of some morphological traits in cane yield and sucrose recovery and could largely
facilitate the formulation of appropriate selection strategies to develop the clones of best commercial merits,
which are suitable for the cultivation in different climate zones. [28]-[30] derived information on genetic varia-
bility, heritability and genetic advance in sugarcane to develop selection strategies. Genetic divergence investi-
gated in germplasm material would be helpful for selection of important yield influencing characters [31]-[33].

3.3. Principal Component Analysis

In the present study the PCA grouped the 21 phenotypic characters into 21 components, which accounted for the
entire (100%) variability among the studied accessions (Table 7). As [34] stated, components with an eigenva-
lue of less than 1 should be eliminated so that fewer components are dealt with. Furthermore, [35] suggested that
eigenvalues greater than one are considered significant and component loadings greater than +0.3 were consi-
dered to be meaningful. Hence, from this study, only the first six components which had eigenvalues greater
than one and cumulatively explained about 79.26% of the total variation among the accessions was discussed
(Table 7).

The first principal component (PC) alone explained 32.39% of the total variation, mainly due to variation in
the millable stalk count, cane yield, sugar yield and stalk count 10 month after planting. Characters which con-
tributed more to the second PC accounted for 16.06% of the total variation and were dominated by traits such as
single cane weight, stalk diameter, leaf width, leaf area, brix, pol, purity and sugar percent.

The third PC with 12.96% of the variation was composed of leaf length, leaf width, leaf area, brix%, pol%
and sugar%. Leaf area showed the most variation among the characters in this PC with a high positive loading.
The fourth PC with 7.80% of variance comprised sprout count one month and two months after planting, num-
ber of internode and internode length. Number of internode contributed much for the variation in this PC with
high positive loading.

The eigenvectors of PC5 showed large positive loadings for the sprout count two months after planting fol-
lowed by inter node length. High negative loading of number of internode was observed for this PC. Leaf length
and leaf area contributed much for the 4.69% variation explained by PCS6.

Single cane weight showed high negative loading for this PC. The existence of wider phenotypic diversity
among sugarcane accessions studied was further explained by the PCA biplot (Figure 1).
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Table 7. Principal component analysis of 21 quantitative characters in 400 sugarcane genotypes showing eigenvectors, ei-
genvalues, individual and cumulative percentage of variation explained by the first six PC axes.

Eigenvectors

Characters*
PC1 PC2 PC3 PC4 PC5 PC6
SPCIMAP 0.16 -0.07 0.05 0.47 0.34 011
SPC2MAP 0.11 -0.09 0.01 0.31 0.63 —-0.04
TC4AMAP 0.25 -0.14 —-0.04 0.21 -0.01 0.22
TC5MAP 0.24 -0.14 —-0.01 0.10 —0.06 0.29
STC10MAP 0.30 —-0.20 —-0.04 0.05 —0.08 0.13
HRBrix10MAP —0.04 0.00 -0.21 0.10 0.26 —-0.05
MSCHA 0.32 -0.20 -0.03 -0.11 -0.10 0.05
SCW 0.16 0.30 0.23 0.10 -0.02 -0.37
NOI -0.03 0.03 -0.09 0.56 -0.35 -0.14
IL 0.14 -0.01 0.12 -0.42 0.48 -0.12
SH 0.25 0.05 0.07 -0.13 -0.02 -0.31
SD 0.07 0.35 0.22 0.21 -0.04 -0.25
LL 0.05 0.11 0.30 -0.06 -0.06 0.51
LW 0.00 0.29 0.37 0.04 0.04 0.14
LA 0.03 0.27 0.43 0.00 0.02 0.33
CYHA 0.35 -0.01 0.09 -0.02 -0.09 -0.14
Brix 0.15 0.33 -0.31 -0.10 0.03 0.09
Pol 0.15 0.35 -0.33 -0.07 0.03 0.11
Purity 0.08 0.29 -0.27 0.08 0.04 0.14
SR 0.14 0.36 -0.34 -0.04 0.03 0.12
SY 0.35 0.03 0.04 -0.02 -0.08 -0.11
Eigen value 7.45 3.69 2.98 1.79 1.23 1.08
Individual% 32.39 16.06 12.96 7.80 5.36 4.69
Cumulative% 32.39 48.44 61.40 69.20 74.57 79.26

*SPC1IMAP and SPC2MAP = Sprout count 1 and 2 months after planting; TC4AMAP and TC5MAP = Tiller counts 4 and 5 month after planting;
STC10MAP = Stalk count 10 months after planting; HRBrixIJOMAP = Hand rifractometer brix reading 10 months after planting; MSCHA = Millable
stalk count per hectare; SCW = Single cane weight (Kg); NOI = Number of internode; IL = Internode length (cm); SH = Stalk height (cm); SD =
Stalk diameter (cm); LL = Leaf length (cm); LW = Leaf width (cm) LA = Leaf area (cm? CYHA = Cane yield (qt/ha); Brix = Brix percent; Pol = Pol
percent; Purity = Purity percent; SR = Sugar percent; SY = Sugar yield (qt/ha)

The PCA biplots provide an overview of the similarities and differences between the quantitative traits of the
different accessions and of the interrelationships between the measured variables. The biplot demarcated the ac-
cessions with characteristics most explained by the first two dimensions.

The first and the second PCs explained the most variation among the accessions, revealing a high degree of
association among the characters studied. Millable stalk count, single cane weight, stalk diameter, cane yield,
sugar yield and sugar quality parameters brix%, pol%, and sugar% showed high positive loading on these two
PCs. Based on the characters loading on the principal components they could be named as “Yield”, and “Qual-
ity”, components. [36] found 4 principal components giving rise to 76% variation in the data, with the first
component comprising juice quality, yield and stalk diameter traits. [37] also found two principal components
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SPC1MAP and SPC2MAP = Sprout count 1 and 2 months after planting; TCAMAP and TC5MAP = Tiller counts 4 and 5 month after plant-
ing; STC1O0MAP = Stalk count 10 months after planting; HRBrixlJOMAP = Hand rifractometer brix reading 10 months after planting;
MSCHA = Millable stalk count per hectare; SCW = Single cane weight (Kg); NOI = Number of internode; IL = Internode length (cm); SH =
Stalk height (cm); SD = Stalk diameter (cm); LL = Leaf length (cm); LW = Leaf width (cm) LA = Leaf area (cm% CYHA = Cane yield
(qt/ha); Brix = brix percent; Pol = pol percent; Purity = purity percent; SR = Sugar percent; SY = Sugar yield (qgt/ha).

Figure 1. Genotype by trait (GT) biplot of 400 sugarcane genotypes in Ethiopia. Genotypes are denoted by code number of
genotypes (see Appendix in Supplementary Material available online at http://dx.doi.org/10.4236/ajps.2016.710139).
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explaining 88% of the variation with high loading of yield on Component 1 and quality characters like sugar re-
covery, pol%, and purity% loading well on Component 2.

With studies conducted on the same genotypes, results showed that, the characters responsible for the high
variation in the first two PCs in the present study were also shown to have higher heritability and genetic ad-
vance which made them suitable criteria for simple selection [38]. The same report also indicated these charac-
ters showed significant genotypic correlations.

4. Conclusion

All quantitative phenotypic traits including sugar quality traits showed highly significant variation, revealing a
high level of genetic diversity among them that opened a way to proceed for further improvement through sim-
ple selection. This study suggests that the important characters responsible for diversity in the sugarcane geno-
types could be grouped in two principal components, namely “Yield” and “Quality” with “Yield” traits being
comparatively more important than “Quality”. Similarly, the 400 genotypes clustered for high mean values of
various traits could be exploited for improvement in yield and quality characteristics either through selection or
through hybridization. The cluster having high mean values for yield could be selected for yield per se as well.
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Appendix

Appendix 1. Comparison of mean performances of 5% of the genotypes selected for best agronomic and sugar quality performance
with standard commercial varieties of B52298, NCO334 and with mean performances of commercial varieties (MCV).

Comparative Comparative Comparative
advantage advantage advantage
Code Accessions Mean (% over) Code Accessions Mean (% over) Code Accessions Mean (% over)
B NCO B NCO B NCO
52298 334 ey 52298 334 ey 52298 334 ey
TC4MAP TC5MAP STC10MAP
181 Gende Lega 235 236.92 75.37 245.59 290 CO 810 142 11353 130.89 129.03 151 /L\lgicdha 124  65.77 13.82 121.03
1 Nech 191 17419 4272 18125 153 'oDOSKUA 40 19503 12027 12742 206 CO957 120 6074 1037 11432
Shenkora Shenkora
Nech
Kechacha Ye
190 Engda 177 153.41 3190 159.93 67 Shenkora/ 139 108.27 12520 123.39 153 Beskula 120 60.40 10.14 113.87
Shenkora
Getr
Ye Beskula .
153 Shenkora 164 13548 2257 14154 56 Wotete 133 100.00 116.26 114.52 188 Aladi 112 50.67 3.46 100.89
Kay Nech
138 156 12401 16.60 129.78 300 C0O 991 131 97.37 113.41 111.69 1 111 48.99 2.30 98.66
Ageda Shenkora
Nech
g7 Keehacha o0 15079 1493 12647 60 Moris 126 89.10 10447 10282 40 A€M 410 4732 115 9642
Shenkora/ Moris
Getr
159 Shﬁﬁﬁgra 148 111.83 10.26 117.28 348 CP72/2083 125 88.35 103.66 102.02 226 B 53163 110 47.32 1.15 96.42
Shenkora
57 Dima/Kay 146 109.68 9.14 115.07 190 Engda 125 87.59 102.85 101.21 424 NCO 334 109 45.64 0.00 94.18
Shenkora

60 Moris 144 106.09 7.28 11140 361 DB386/60 123 8459 99.59 97.98 43 Moris 106 4195 -253 89.26
305 CO 1157 142 10358 597 108.82 51 Wotet 119 7857 93.09 9153 348 CP72/2083 105 40.27 -3.69 87.02

Yemilat
203 B 4425 140 100.36 4.29 10551 164 Nech 117 76.32 90.65 89.11 372 CO-602 104 3993 -3.92 86.58
Shenkora
Shembeko
290 CO 810 140 100.36 4.29 10551 83 Ageda 117 7594 90.24 88.71 203 B 4425 104 3893 -4.61 8523
43 Moris 137  95.70 187 100.74 353 COS 510 116 7481 89.02 87.50 138 Azz)éa 102 3725 -5.76 83.00
Nech Andegna
424 NCO 334 134 9211 0.00 97.06 100 116  74.44 88.62 87.10 29 dereja 101 3591 -6.68 81.21
Shenkora <
Wonji
Yemilat Nech Tilik
164 Nech 132 89.25 -149 9412 321 CP44/101 116 74.06 8821 86.69 149 100 3456 -7.60 79.42
Shenkora
Shenkora
11 S g3 g7er 224 o265 138 Y 115 7331 8740 8589 16 WOV 99 3255 oo 7673
Shenkora Ageda Tinkish
188 Aladi 131 87.46 243 9228 372 C0O-602 112 68.05 81.71 80.24 313 CO 1230 98 31.88 -9.45 75.84
160 Sh;n(;ora 130 86.02 -3.17 90.81 427 NCD 376 112 67.67 8130 79.84 289 CO 798 97 30.54 -10.37 74.05
Andegna Nech
29 dereja 129 8459 -3.92 89.34 1 111 66.17 79.67 78.23 290 CO 810 97 29.87 -10.83 73.15
= Shenkora
Wonji
311 CO 1202 129 8459 -3.92 89.34 40 l:/ltgpiz 111  66.17 79.67 78.23 328  H48/4605 96 2852 -11.75 71.36

224 B 52298 70 0.00 -47.95 257 224 B 52298 67 0.00 8.13 726 224  B52298 75 0.00 -31.34 3333
424 NCO 334 134 9211 0.00 97.06 424 NCO334 62 -752 000 -081 424 NCO334 109 4564 0.00 94.18
MCV 68 —251 -49.25 0.00 MCV 62 -6.77 081 0.00 MCV 56 —25.00 —48.50 0.00
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Continued
Comparative Comparative Comparative
Code Acssessions Mean advantage Code Accessions Mean advantage Code Acssessions Mean advantage
(% over) (% over) (% over)
B NCO B NCO B NCO
52298 334 ey 52298 334 ey 52298 334 ey
MSCPL CYPL SCW
203 B 4425 164 84.23 3568 13159 151 X‘;;;‘a 24489 5572 39.32 123.99 273 CO 475 296 66.71 10450 96.54
205 B 45154 140 58.03 16.39 98.65 140 A';:)éa 242.08 5393 37.72 12142 75 Shenkora 2.68 5134 85.64 78.42
291 CO 842 140 58.03 16.39 98.65 43 Moris 236.49 50.38 3454 11631 20 Wonji 2.64 4894 8270 7559
Andegna
210 B4906 139 5606 1494 9618 4 Dereja 5804 4513 2085 10876 87 DM 553 4260 7491 6811
Canada Shenkora
Shenkora
296 CO 957 137 54.65 1390 9441 139 Kay 22593 43.66 2853 106.65 38 Kay 250 41.04 73.01 66.28
' ’ ' Shenkora ' ' ’ ’ Shenkora ’ ' ' '
v Andegna
Ye Beskula € Dereja
153 135 51.83 11.83 90.86 153 Beskula 21345 35.73 21.43 95.23 4 250 4090 72.84 66.11
Shenkora Shenkora Canada
Shenkora
151 A'\‘;ecdha 134 50.70 11.00 89.45 60 Moris 211,75 34.65 20.47 93.68 177 Holland 230 2990 59.34 5314
188 Aladi 129 4507 685 8237 46  Wotete 21120 3430 2015 9318 82 /Iétlé; 228 2877 57.96 5181
43 Moris 124 3915 249 7493 177 Holland  207.68 32.06 18.15 89.95 24 Si’(;‘:r::chho 228 2835 5744 5131
424 NCO 334 121 35.77 0.00 70.68 203 B 4425 206.00 30.99 17.20 88.42 227 B 53164 225 27.08 55.88 49.82
Ye Abesha
317 CP20/291 118 3324 -187 6749 7 Kay o550 3067 1691 8796 62 oleMKOY 500 o406 5242 4649
Sidancho Ye Oromo
Shenkora
220 B 51410 118 3268 -2.28 66.78 190 Engda 201.00 2781 1435 8385 176 Shekole 219 2327 5121 4533
Ka Kay
328 H48/4605 116 30.14 -4.15 63.60 138 Ae)(;a 197.88 25.82 12,57 80.99 89 Shenkora 217 2228 50.00 44.16
g Ageda
Kay
60 Moris 115 2930 —-4.77 6254 157 Ageda/ 197.80 25.78 12,53 80.92 441 B80-505 2.16 2200 49.65 43.83
Shenkora
Kay Kay
139 112 2563 -—7.47 57.93 189 Erero 19558 2436 11.26 78.89 81 216 21.58 49.13 4333
Shenkora Ageda
187 SMemkoraypp 5563 747 5793 159 NN joags 2390 1085 7822 12 M 594 2087 4827 4250
Adi Shenkora Shenkora
Kay Kay
140 111 2535 -—7.68 57.58 422 N 55/805 193.54 23.07 10.11 77.02 140 212 19.32 46.37 40.67
Ageda Ageda
Yemilat
348 CP72/2083 111 2479 -8.09 56.87 164 Nech 19181 2197 912 7544 189 Erero 211 18.90 45.85 40.17
Shenkora
Nech Bicha
395 B80-250 111 2479 -8.09 56.87 141 191.80 21.96 9.12 7543 71 2.09 1791 4464 39.01
Shenkora Shenkora
242 B 60267 109 2282 -954 5439 142 AE:Za 183.38 16.60 432 67.73 190 Engda 2.08 1749 4412 3851
224 B 52298 89 0.00 -26.35 2571 224 B52298 157.26 0.00 -10.53 43.84 224 B 52298 1.77 0.00 22.66 17.89
424 NCO 334 121 35.77 0.00 70.68 424 NCO 334 175.78 11.77 0.00 60.77 424 NCO 334 146 -1791 0.00 -3.23
MCV 71 -20.45 -41.41 0.00 MCV 109.33 -30.48 -37.80 0.00 MCV 150 -15.18 4.05 0.00
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Comparative Comparative Comparative
Code Acssessions Mean advantage Code Accessions Mean advantage Code Acssessions Mean advantage
(% over) (% over) (% over)
B NCO B NCO B NCO
52008 334 MCV 52008 334 MOV 52008 334 MCV
NOI SH SD
28 Nech 42 6250 5943 5800 87 DUCM 41505 5oos 3005 3426 7 Kay 334 2132 1832 26.20
Shenkora Shenkora Sidancho
167 Kay 41 5673 5377 5248 318 CP29/320 29010 5171 2475 2791 10  SUWaUE 54 5060 17.61 2545
Shenkora Shenkora
66 A’\\';:;a 39 5096 4811 46.87 207 B47386 29753 5091 2410 2724 20 Woniji 329 1942 1646 24.22
61 Kay 30 4004 4623 4500 77 YeKEWA 9798 5079 2399 2713 99 Shilmu 327 1851 1558 23.28
Shenkora Ageda
Kay Ye Bure
145  Shenkora 39  48.08 4528 4406 309 CO1190 29653 5041 23.68 26.81 114 327 1851 1558 23.28
Shenkora
(Burabure)
111 Tikur 38 4712 4434 4312 334 CP60/23 29450 49.38 22.84 2594 82 Tikur 326 1842 1549 2318
Shenkora ' ’ ’ ' ’ ’ ' Ageda ’ ’ ’ '
Kay Ageda/ .
wa TP 38 4615 4340 4219 373 H3B4443 29276 4850 2211 2520 175 WonjiBula 326 1842 1549 2318
Andegna
210 B 4906 38 4615 4340 4219 317 CP29/291 290.88 47.54 2132 2439 4 g:nr;f; 326 1824 1531 22.99
Shenkora
162 Shenkora oy o3 3062 3845 149 NENTUK 59043 a7 2014 2420 123 Kay 323 17.06 1416 2177
Dima Shenkora Shenkora
Tikur Kay
65 37 4038 37.74 3658 39 29019 47.19 21.04 2410 215 B51116 323 17.06 1416 2177
Ageda Shenkora
Burabure Ka Yemilat
104 37 4038 37.74 3658 38 Y 28879 4648 2045 2350 164 Nech 322 1697 1407 2167
Shenkora Shenkora
Shenkora
19 Burabure a0 a345 3585 3471 103 Nech — ogg48 4632 2032 2337 24 [Nech 322 1679 1389 2148
Shenkora Shenkora Sidancho
Tikur Nech
76 36 3846 3585 3471 296 COO957 288.38 4627 2028 2332 115 321 1633 1345 2101
Ageda Ageda
Shenkora
57  Dima/Kay 36 3654 33.96 32.83 378 H44/3098 287.84 46.00 20.06 2309 250 BO 3 320 1624 1336 20.92
Shenkora
Ye Bako Kay Ageda/
441 B80-505 36 3654 33.96 3283 92 g i 28635 4524 1944 2246 157 ' OYCE 320 1615 1327 2082

45 Abesha 35 3558 33.02 31.90 177 Holland  286.33 4523 1943 2245 227 B 53164 315 1434 1150 18.94

172 Nech 35 3462 3208 30.96 20 Wonji ~ 285.60 44.86 19.12 22.14 38 Kay 314 1379 1097 18.37
Shenkora Shenkora

178 Bure 35 3462 3208 3096 270 CO453 28493 4455 1886 21.87 39 Sh;akyora 314 1379 1097 18.37

185 Bure 35 3462 3208 3096 193  B35269 28478 4445 1878 2179 234  B5736 3.4 1379 1097 18.37

166 Burabure oo ga6s 3113 3003 43 Moris  283.13 4361 1809 21.08 136 Bicha 313 1370 10.88 18.27
Shenkora Shenkora

224 B 52298 26 0.00 -1.89 -2.71 224 B 52298 197.15 0.00 -17.77 -15.69 224 B 52298 2.755 0.00 -2.48 4.02

424 NCO 334 27 192 000 -0.84 424 NCO334 239.75 2161 0.00 2.53 424 NCO 334 2.825 254 0.00 6.66

MCV 27 279 085 0.00 MCV 233.83 18.61 -—2.47 0.00 MCV 2.6485 -3.87 —6.25 0.00
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Continued
Comparative Comparative e i oy w——
Code Acssessions Mean advantage Code Accessions Mean advantage Code Acssessions Mean p 9
(% over)
(% over) (% over)
B NCO B NCO B NCO
52298 334 Mcv 52298 334 MCv 52298 334 Mcv
LA S Brix%
Nech Nech
424 NCO 334 665.12 4143 0.00 4403 151 46550 60.66 38.13 127.85 129 2212 932 10.81 12.99
Ageda Shenkora
Ye Kenya .
77 Ageda 645.29 3721 -2.98 39.73 43 Moris ~ 439.75 5177 30.49 11525 281 co684 2172 733 879 10.94
35 Nech 62970 3390 -533 36.35 140 K&y 43300 4044 2849 11104 410 OV 2156 656 802 1014
Shenkora Ageda Cane
234 B 5736 620.61 31.96 —6.69 34.39 139 Sh;algora 43125 48.84 27.97 111.08 405 Q70 2149 6.22 7.67 9.79
Andegna
Nech Dereja
28 600.90 27.77 -9.66 30.12 4 39525 36.41 17.28 9346 427 NCD376 2143 593 738 9.49
Shenkora Canada
Shenkora
437 Pindar 579.87 2330 -12.82 2557 203 B4425 391.25 35.03 16.10 9151 390 Mex52/29 21.34 547 6.91  9.02
Andegna
4 g;r::sz 579.63 2325 —12.85 2551 190  Engda 38950 3443 1558 90.65 233 B80-250 21.33 541 685 896
Shenkora
Bicha
71 Shenk 572.98 21.84 -13.85 24.07 422 N 55/805 387.25 33.65 1491 89.55 235 B 5780 21.25 5.02 6.45 8.55
enkora
231 B57133 557.19 18.48 -16.23 20.65 60 Moris 386.25 33.30 14.61 89.06 216 B51129  21.22 4.87 630 839
Nech
149 Tilik 555.68 18.16 —16.45 20.33 46 Wotete 37250 2856 1053 8233 225 B 52313 2119 472 6.15 8.24
Shenkora
Huletegna
31 ?:rfé‘; 554.93 18.00 -16.57 20.16 177 Holland 371.50 2821 10.24 81.84 356 D 141/46  21.13  4.42 5.85 7.93
Kay
Bicha Ye Mex
2 Shenkora/ 553.05 17.60 -16.85 19.76 153  Beskula 369.00 27.35 950 80.61 391 53/142 2112 437 580 7.88
Weliso Shenkora
Ka Yemilat
140 Aezila 548.47 16.62 -17.54 18.77 164 Nech 366.75 26.57 8.83 7951 260 C105-73 2111 435 5.77 7.86
g Shenkora
227 B 53164 543.89 15.65 -18.23 17.77 189 Erero 366.25 26.40 8.68 79.27 389 M 377/5 21.08 4.18 5.60 7.68
Kay Kay
124 543.24 1551 -18.32 17.63 138 358.50 23.73 638 7548 334 CP60/23 21.08 4.16 559  7.67
Shenkora Ageda
364 Ebene 1/37 54154 1515 -1858 17.26 7 Sidﬁ%ho 352.00 21.48 445 7229 229 B54142  21.06 4.08 550  7.58
334 CP60/23 538.82 14.57 -18.99 16.68 159 Sh’:ﬁﬁgra 350.75 21.05 4.08 71.68 244 B 6113 21.06 4.08 550  7.58
255 CB40-35 538,52 1451 -19.03 16.61 141 Shtlﬁﬁgra 347.25 19.84 3.04 69.97 22 American  21.03  3.95 5.37 7.45
Kay
385 M53/263 53597 13.97 -19.42 16.06 157 Ageda/ 34575 19.33 2,60 69.23 331 M442/51 20.96 3.61 502 7.09
Shenkora
. . Shenkora
34 Moliso 53511 13.78 -19.55 15.87 188 Aladi 345.00 19.07 237 68.87 187 Adi 2092 341 482  6.89
224 B 52298 470.29 0.00 -29.29 1.84 224 B 52298 289.75 0.00 -14.02 4182 224 B 52298 20.23  0.00 1.37 3.36
424 NCO334 66512 4143 0.00 4403 424 NCO334 337.00 1631 000 6495 424 NCO334 1996 -135 0.00 197
MCV 461.81 -1.80 -30.57 0.00 MCV 204.30 —29.49 -39.38 0.00 MCV 1957 -325 -193 0.00




E. Tenaetal

Continued
Comparative Comparative Comparative
Code Acssessions Mean advantage Code  Accessions Mean advantage Code Accessions Mean advantage
(% over) (% over) (% over)
B NCO B NCO B NCO
52298 334 MCcv 52298 334 Mcv 52298 334 MCvV
Pol% Purity% SR%
129 Sh’:ﬁﬁgra 20.79 1060 856 13.77 435 PPQK 1604 99.37 6.94 353 659 235 B 5780 15.03 1220 7.88 15.12

410 YellowCane 20.58 9.50 7.48 12.63 436 PDJ28/78 9787 532 196 498 233 B80-250 1496 1163 7.32 1453

Nech Yellow
235 B 5780 2053 923 722 1236 58 Shenkora 97.56 499 164 4.65 410 Cane 1495 1157 7.27 14.47
233 B 80-250 2051 9.08 7.08 1221 439 Q50 97.30 472 138 437 129 Sh@relﬁr;ra 1494 1149 7.19 1439

281 CO 684 2047 890 6.89 1201 433 PR 1013 97.30 471 137 437 356 D 141/46 1487 1095 6.67 13.84
356 D 141/46 20.35 825 625 11.34 422 N 55/805 97.06 445 112 411 281 CO 684 1475 1011 587 1297
427 NCD 376 20.35 823 624 1133 45 Abesha 96.75 412 080 378 427 NCD376 1474 1000 576 12.86
405 Q70 2028 7.87 589 1096 235 B 5780 96.56 391 060 357 389 M377/5 1464 926 5.04 12.09
389 M 377/5 20.14 716 518 1022 434 PR 1059 96.53 389 058 355 405 Q70 1461 9.07 486 11.90

Mex
53/142

Mex

391 53/142

20.07 678 482 984 188 Aladi 96.46 381 050 347 391 1453 845 427 11.27

216 B 51129 20.04 658 462 9.63 356 D 141/46 96.35 3.69 038 335 346 CP1/441 1451 830 4.13 1112

22 American  20.02 648 452 952 323 H51-168 96.20 353 023 319 422 N55/805 1451 830 413 1112

Nech

390 Mex 52/29 19.97 6.24 428 9.28 64
Shenkora

96.14 347 017 3.13 22 American 1450 825 4.07 11.06

346 CP 1/441 1996 620 424 924 437 Pindar 96.14 347 017 313 394 5%:;7 1450 819 402 11.00
394 5%2;7 1994 6.05 410 9.09 233 B 80-250 96.13 345 015 311 401 N 14 1448 808 391 10.89
244 B 6113 1992 597 402 900 156 Ng%zrﬁ(%igaj 96.11 343 013 3.09 373 H38/4443 1448 806 389 10.87
401 N 14 1991 591 396 894 378 H44/3098 96.07 339 010 305 216 B51129 1444 776 3.61 10.56
331 M442/51 1990 585 390 888 421 N 53/216 96.03 335 005 3.01 191 Sh(ljr]alzlora 1443 767 352 1047

373 H38/4443  19.87 5.68 3.73 870 407 TDRJAN 9598 330 0.00 296 331 M442/51 1439 743 328 10.22

Kay Nech

191 19.85 5.57 3.63 859 424 NCO 334 9598 3.29 0.00 295 100 1438 7.30 3.16 10.08
Shenkora Shenkora

224 B 52298 1880 0.00 -1.84 286 224 B 52298 9292 000 -319 -033 224 B52298 1340 0.00 -3.86 2.60
424 NCO334 1915 1.88 0.00 479 424 NCO334 9598 329 000 295 424 NCO334 1394 401 000 6.71

MCV 18.27 -2.78 -4.57 0.00 MCV 93.23 033 -2.87 0.00 MCV 13.06 -2.53 -6.29 0.00




E. Tenaetal

Continued
Code Acssessions Mean Comparative advantage (% over)
HRBrix10MAP B 52298 NCO 334 MCV
381 L 60-25 17.61 13.99 30.31 13.76
239 B 59250 17.41 12.74 28.89 12.52
241 B 60163 17.31 12.08 28.13 11.86
66 Nech Ageda 17.28 11.88 27.91 11.66
401 N 14 17.26 11.74 27.74 11.52
59 Nech Shenkora 17.19 11.31 27.26 11.10
55 Kay Shenkora 17.17 11.15 27.07 10.94
173 Misrah 17.14 10.94 26.83 10.73
61 Kay Shenkora 17.07 10.52 26.35 10.31
419 N 51/539 17.06 10.47 26.30 10.26
432 PR 1007 16.93 9.61 25.31 9.40
345 CP 71/421 16.92 9.57 25.26 9.35
218 B 51132 16.92 9.55 25.24 9.34
348 CP72/2083 16.92 9.53 25.22 9.32
152 Nech Tinish Shenkora 16.85 9.08 24.70 8.87
160 Shenkora Adi 16.76 8.50 24.04 8.29
233 B 80-250 16.75 8.43 23.96 8.22
181 Gende Lega 16.74 8.37 23.89 8.16
126 Nech Shenkora 16.73 8.34 23.85 8.13
237 B 59104 16.73 8.34 23.85 8.13
224 B 52298 15.45 0.00 14.32 -0.19
424 NCO 334 1351 -12.53 0.00 -12.70
MCV 15.48 0.19 14.54 0.00

TC4AMAP and TC5MAP = Tiller counts 4 and 5 month after planting; STC10MAP = Stalk count 10 months after planting; HRBrixIOMAP = Hand rifractome-
ter brix reading 10 months after planting; MSCPL = Millable stalk count per plot; SCW = Single cane weight (Kg); NOI = Number of internode; IL = Internode
length (cm); SH = Stalk height (cm); SD = Stalk diameter (cm); LA = Leaf area (cm? CYPL = Cane yield per plot (Kg); Brix% = Brix percent; Pol% = Pol
percent; Purity% = Purity percent; SR% = Sugar percent; SY = Sugar yield (qt/ha); MCV = Mean of commercial varieties.
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