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ABSTRACT 

The &enelil: divergeoc:e in saprame populations COOIprisillg II morpItoIogkaIIy different 
varieties (eight lines and tbree testers) ancf their 14 Fi bybrids bas been assessed through 

, MabaJanobis, OZ analysis. The analysis revealed cunsklerableaenetk: divel'llity among parents 
and tbe!r effects on the hybrids. The genotypes under study rell ilito 14 clusters. The clustering 
pattern indicated no relationship among tbe parents or their hybrids, and most parents and 
bybrids are grouped in separate clusters due to more dinne ....ts and. high heterotk: 
effects. Hybrids without substantial heterosis between parents rl1ll'll: different cluster may 
resemble in their geneaIegy. Thus, the study indicated that seiectIon or' parents sbouId he 
based OR geftetic: divergence alone witb knowledge or, their . ..-Jogy ror bybridlzation. 
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J~hi and Dhawan [1] and Anand and Murty [2] have emphasized the importance 
of genetic diversity for parents in hybridization programmes. In sugarcane, genetic 
divergence has been studied [3, 4]" but the effects of the <iesired parents on their 
F, hybrids ha"t! not been analysed. Therefore, the;relationship between genetic 
diversity of parents and yield potential of their hybnds in sugarcane have been 
investigated. 

MATERIALS AND METHODS 

Eight sugarcane genotypes were crossed' with. three male parents to produce 
24 F, bybrid populations. Thus, the population comprisiPgeight female and 'three 
male lines, and 24 F I hybrids was grown. in randomised block design with four 
replications at the. U.P. Council of Sugarcane Research, Shahjahanpur, in 1979. 

. Each entry was represented by three rows of 6.0 m length, with 90 x 60 cm spacing. 
Observations were recorded on 20 random seedlings in each plot for millable 
canes/clump, internodes/cane, stalk weight, stalk girth, kg-brix. sucrose content in 

. juice purity coefficient, invert sugar,c.c:s. in cane, and fibre tontent. 

The data were subjected to analysis of variance as well as multivariate analysis 
as suggested by Mahalanobis [5], and. the entire population was divided 01} tbe basis 
of minimum generalised distances using the Toche(s method (d. [6]) . 

.. 
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RESULTS AND DISCUSSION 

The analysis of variance revealed significant differences for all characters except 
purity coefficient (Table 1). 

Table 1.ANOVA for pIIftIds 8IIId byIJrids ID suprt8IH! 

Soun:e d.f. Millable Inter· Stalk Stalk Kg-brix Sucrose Purity Invert C.C.S. Fibre 
amtr.IIlI oodesI weight girth %in coeffi· sugar in content 
clump caue juice dent cane 

keplications 3 4.22 27.4 0.021 0.043 0.290 0.32 3.3 0.080 0.001 4.80 

Parents 10 14.09" 228.0" 0.320" 0.353" 0.970" 6.02" 25.9" 0.811" 0.005" 5.69" 

Females 7 10.44" 268.7" 0.388" 0.455" 0.832" 4.16'· 20..3" 0.116' 0.006" 7;84" 

Males 2 33.31" 151.4" 0.217" 0.127" 1.938" 7.97" 16.9" . 0.454" 0.002' 0.42 

FellllllesVI males 1.18 96.7" 0.039 0.096 0.001 15.19" 82.6" 0.086 0.001" 1.14 

Hybrids 23 6.51" 32.1" 0.113" .0.104" 0.345" 5.20" 10.3" 0.094' 0.002" 3.93' 

Parents YS hybrids 310.31" 2067.7"' 2.974" 0.170" 18.686" ..-15.24" 1.9 2.106" 0.023" 34.79" 

Error ui2 2.03 8.9 0.030 0.028 0.109 l:2S 3.7 0.051 0.001 1.76 

·.··Significant at 5% aDd 1% levels, respectively. 

The entire population including parents .and FI progenies bas been grouped 
into 14 clusters (Table 2). The maximum number of 16 genotypes are groQped in 
cluster I (Table 3) this cluster also includes two parents, Co 1148 and BO 70, from 
Coimbatore and Bihar respectively. The next largest cluster II comprises four 
genotypes, three of which were F, progenies and one pareRt (Co 7314). Clu~ters 
III, IV, and V have two hybrid progenies each. The remaining nine clusters (VI, 
VII, VIII, IX, X, XI, XII, XlII and XIV) comprised only one genotype' eacl"\. Most 
parentS'are included in these clusters, except cluster VII, which has a hybrid progeny. 
Thus, more than half of the hybrid populations were included in cluster's I and n. 
The clusteringpattem indicated no relationship of parents with their hybrids. CI4sters 
I-V and VII include hybrids of all the parents., but none of the parents, except Co 
1148, BO 70 (cluster I), and Co 7314 (cluster II). Clusters III, IV, V and VII had 
only hybrids and no parent. Usually the parents and their hybrids are included in 
the same cluster or in clusters havingminimtiin distance between them because of 
the close affinity between them. However, in the present study~ the parents and 
hybrids are mostly grouped in dilferent clusters. This may be due to more diverse 
parents and high heterotic effects. Chaudhary and Singh [6] also found similar 
distribution of parents ~d their -hybrids in different groups. 

Genetic diversity is generally associated with geographic diversity (1, 7], but 
the former is not necessarily directly related with geographic distribution [3, 8, 9]. 
The.present findings also support this conclusion. Moreqver, few parents of different 
origin fell in ,he same cluster, while' the parents' from same place were placea in 
different clusters. Keeping this in view, selection of parents for hybridization should 
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Table 2. Intra- and interdu... D and o.z (in parentheses) values 

Oustcl'li I, II III IV V VI VII VIII IX X XI ,XII XUI XIV 

ill content 

4.80 

5.69"" 

7.84"" 

0.42 

1.14 

3.93­

34.79"" 

, 1.76 

I:'" 2IJ.6 2lI.2 22.4 19.1 26.4 (KoS 49.0 553 KI.K 66.11 146.6 81.4 105.6 
fl.1. (5) (~.31 H,1) HAl (5.1) H.3) (7.11) (7A) (9.1) (K.2) (12.0) (9.4) ( 10.3) 

II' 	 19•• 3 ..... 3.''.3 20.3 22.3 32.1 3&4 -lK.9 tN.7 6K.I 133.7 82;4 IIS.O 
I ..... ' (5,9) (5.9) (.J5) (4.7) , (5.7) (6.2) (7.0) (U) , (8.3) ( 11.6) (9.1) (9.2) 

C.C.S. Fibre 
III 19•• .m.2 	 34.(1 22.6 24.3 71.K 77.7 99.4 9,1.5 llIl.1 93.4 121.2 

14.41 (6A) (5,KI (·I.K) (4.9) (K5) (II.I!) (111.01 (9.6) (135) (9.7) (ILl) 

IV· ".5 	 53.1 52.2 2.1.9 Kl.1! 77.3 126.7 101.7 209.1 124..1 156.2 
(4.J) , (7.3) (7.2) (4.9) (9.1) (U) , (1I.3) (10.1) (14.5) (11.1) (12.5) 

V 	 16.6 2.1.1 32.K ·55.9 !il>.3 84.3 69.2 148.1 102.9 98.2 
(4.ft (4.9) (5.7) (1.5) (7.5) (9.2) (11.3) (12.2) (10.4) (9.9) 

VI 0,. 23.0 44,4 57.4 51.0 53:6 1l2,.9 91.4 71.9 
(0••, (4.11) (6.7) (7.6) (7.1) (7.3) (10.6) (9.6) (8.5) 

VII 0•• 70.7 79.2 91.8 7~.5 146.1 1.16.8 115.4 
10.0) (8.4) , (11 ..9) , (9.6) (8.7) (J2;f) (10.8) (10.7) 

VIII 	 0.0 6l.9 811.3 53.0 143.8 87.9 1t4,,3 
(0.0) (1:\1) (9.4) (7.3) (12.0) (9.4) (10:7) 

'" IX 	 ",~"52.4 ' 59.4 99.4 117.6 64.7 
(0.0) (1.2) (7.7) (10.11) (to.8) (8.0) 

X 	 0.1 ~.I 52.8 94.1 30.8 
(1.0) (5.9) (7.3) (9.6) (5.6) 

Xl 	 ... 59.3 99.1 41,1 
(0.0) (7.71 (lO.Or (6.4) 

XII 0.0 184.6 40.3 
(I.') (13.6) (6.4) 

XIII 	 0.0 101.8 
(0.01 (1I1.J ) 

XIV 0.0 
(0.') 

NOte. Intracluster values are' in bold numbers. 

, 	 ' 

not be based on g~ographic diversity alone; Genetic diversitymusfbe gi~engreater 
importance in the selection of parents. The D2 vaIue ranged from 0 to, 209.1. The . 
intracluster IY value is maximum in clusters II and III, and minimum (0) in clusters 
VI, VII,VIII, IX, X, XI, XII, XIII and XIV, as they had only one genotype each. 
The 10westinterciUsttr distance' (4.3) between clusters I and VII suggests Close 
relationship between them. Many clusters showed clOSe relationship Que to simifar 
intercluster distance, i,e~, IV-V, VI-XI, VIII-XI, X-XIII (7.3); XI-XIII, iX-XIII, 
I11--X (10.0); X-XIII,Xln-VlI, I-VIII (6.4); III-XI, VI-XIII, ·VII-X (9.6); IiI-II, 

(I, 7], but 
[3, 8, 9]. 

of different 
placeii in 

should 	

.. 

IV-U, X-XI, (5.9); IV-II, VI-III, (4.7); I-VIII, II-IX (7.0); VII-V, IX-V (7.5); 
VII-XIV, VIII-XIV (10.1); XI..:.:XIV, XlI"",XIV,III-IV (6.4); I~II, II-V (4.5); IV-VI, 
IX-X (7.2); V-X, II-XIV (9.2);IV":':XI, XIII-XIV (10.1); II-Xl, I-Xl'(8.3); I1..!X, 
VII-VIII (8.4) and V-VI, IV-VII (4.9). The maximum intercluster distance was 
14.5 between Clusters IV and XII. 

.. 
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Tallie 3. Varieties .... byIariIII Ja. diII'ereat duIers 

Ouster No. of Varietieslbybrlds 
No. populations 

I 16 	 Co7117 x Co ns, Co nt7 x Co 1148, Co '1f)C)t x Co ns, Co 7004 x Co 1148, 

Co 7004 x Co 0004, Co7314 x Co 775, Co7314 x Co 1148, POJ 2878 x Co ns, 

POJ2878 x Co 11A8, 068 x cons, 068 x Co 1148, CoS6S9 x Co 1148, 


,0 

CoS6S9 x CoOOO4,CP44I10t x Cons, Co 1148, BOlO 

II 4 Co 7314 x Co 0004, BQ 70 x Co 0004,068 x Co 0004, Co 7314 

III 2 Co7117 x Co6904,CP44II01 x Co 6904 

IV 2 POJ2878 x Co 0004, CP44II01 x Co 1148 

V. 2 CoS6S9 x Co ns, BO 70 x Co ns 

Vi . 1 CoS6S9 

VB 1 BOlO x Co 1148 

VBI 1 Co 6904 

IX 1 	 Cons 

X 1 Co 7004 

XI 1 Cont7 

XII 1 CP44II01 

XIII 1 POJ2878 

XIV 1 068 


Origin: 	Co (Coitbbatore), CoS (Coimbatore-Shabjahanpur), DO (DiJ:nIr-Orissa), 
CP (Canna) Point), POJ(Java), and 0 (Queensland). 

1'IIhIe 4. 1aIei............ 1Ietweea ,..... qriedes .... IleteroIis In dlft'ereat enmes 


Cross. ·Heterosis over "!letter 
parent for yield, 'Yo 

. DO 70 x Co 1148 

Q)1314·x Co 1148 


. CdS 659-')( Co 1148 

i.Go 7314 x Q> 0004 

"CoS6S9 x Co.6904 

·Co..,.,t>t-xeons· 


8070 x 6904 

Co 7004 x Co ns 

Co 7117 x Co 6904 


'~1CJ.Yc td195 

:.G:JS 6S9~";(:qT1S' 

<?on}7 ~P,T7S 


.~~&~6904 
:;&171fxeo1148 

'(b'1OO4 x Co 11118 . 

POJ2878x Co1148 

JlOJ 2878;.c Co 6904 

:CP~C)1 ~Q,nS 
() 68. x Co 1148 

068 x co6904 

POJ?878 x Com 


. CP 441101 x eo 6!IIM 

CP44I101 x Cq 1148 


o 
4.54 
S.14 
6.20 
6.66 
6.99 
7.00 
7.24 
7.28 
7.43 
7.58 
7•.71 

7.fr1 
8.04 
8.17 
9.05 
9.3S 
9;'5'/
9.rn 

JO.28 
10.6') 
10.84 
11~99 
t2~az 

-0.362 
lU80 

-0.933 
7.011 

-21.279 
18.915 
2.703 

61.369 
46.811 

3.762 
-10.484 

7.0U 
49.~ 
69.562 
"':1.7.11 
11.082 
-2.304 
15.941 
51.900 
-1.980 
44.463 
6S.4S7 
'5'/,790 

-11.900 



-0.362 
lU80 

-0.933 
7.011 

-21.279 
lUtS 
2.703 

61.369 
46.811 

3.762 
-10.484 

7.011 
49.~ 
69.562 
-1.711 
11.082 
-2.304 
15.941 
51.900 
-L980 
44.46'3 
65.457 
'S7,7YO 

-11.900 

C. T .. 

5. P. C. Mahalanobis. 

6. B. 

\ 7. J. 
Genet., 30: 

8. B. 
. 

cotton. 

No. 3 

Co 1148, 
CoT/S, 

1148. 

November, 	1989] Multivariate Anolysis in Sugfll'CllM 363 

Normally genetically diverse parents show high heterotic effects in their hybrids. 
but this was not so in crosses CP 44/Hi! x Co 1148, POJ 2878 x Co 1148, Q 68 
x Co 1148, CoS 659 x Co il48. COS 659 X Co 6904, and CoS -659 x Co 775 
(Table 4). Heterosis over better parents in these crosses was negative, which showed 
very small or zero genetic distance. Two crosses, i.e., CoS 659 x Co 775 and CP 
441101 x Co 1148 were exceptions. This may be either due to similar genealogy or 
absence of relationship between the varieties and their hybrids in the croS$es CoS 
659 x Co 775 and CP 441101 x Co 1148. This indicates that the. extent of heterosis 
varies according to the degree of genetic diversity. The present study, thus, indicates 
that' the genotypes having relatively larger statistical genetic distances or falling in 
different clusters are likely to produce high heterotic hybrids. In other words, 
selection of parents should be based on genetic divergence along with knowledge 
of their genealogy. 
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