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ABSTRACT 

IBbreecIiac depreMiua lor root yield and SIlCI'tI5e CCIIlfent ",. studied in six suprlIeet cultivars. 
IDbreeding depresIIioIl lor root yield ~ from variety to."¥IIriety • Average inbreeding 

. depre __ .......... in ~. A 8. ",. 30.56% and 34.85%, respecdvely, lIS compared to 


die S. p8I'fiIIt. SUCI1IIe CCIIlfent ",. net deple5IIEd by fnhreed!nI evea up to 8. generadoll. 
As ftpeded, die depreMiua in die progeny of sib-mated plots "JIll of alewer maguitadt:. 
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In cross-pollinated crops, the extent of inbreeding depression gives an idea 
about the productivity of Ilybrids, and synthetic varieties. In composite ,and synthetic 
breeding programmes, inbreeding is 'taken as an index of non-additive gene action. 
In majority of the cross-pollinated crops, inbreeding is generally accompanied by 
reduction in plant size and vigour. 

Sugarbeet (Beta vulgaris L.) is a highly cross-pollinated crop. It however, 
represents an amalgam of different breeding systems depending on the presence 
of self-incompatibility mechanism, Some genotypes, however, can be selfed due to 
the presence of genes for self-fertility [1]. Information on the extent of inbreeding 
depression in sugarbeet germplasm available in India is rather meagre. In the present 
study an attempt has been made to estimate the extent of inbreeding in some diploid 
genotypes of sugarbeet. 

MATERIALS AND METIIODS 

Six promising open-pollinated, multigerm, diploid (2n = 18) varieties of sugarbeet 
were grown at Lucknow (Table 1). Steckling of these varieties were transplanted 'at 
Mukteswar (Kumaon biDs, U.P.) in December each year for providing photothermal 
induction, Some plants in each of these varieties. were selfed in Sl and S2 generations 
by putting whole plant under cotton bags. Selfiog.· as wen as stbbing was resorted 
to in S3 and S4 generations. Sb3 and Sb4 seed was harvested from sib-mated plants 
of S3 and SA. selfed plants, respectively. 

Therefore, Sti3 and Sb4 have not been used for studying inbreeding depression 
from Sb3 and Sb4• On first generation selfing (St) the seed yield per plant was 12 
to 26 g. which was nearly half of the seed yield under open pollination. However, 
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in the subsequent generations the seed yield reduced c:;onsiderably and the S4 plants 
yielded 0.9 to 2 g seed, Therefore. after S4' sib-mating was resorted to maintain 
these lines. . 

Table 1. Chancteristks of varieties used for seIfIaa or sibbiDg 

Population Country oforigin 

AJ·3 Poland 

AJo.4 Poland 

Dobrovicka-c Czechoslovakia 

OPH Sweden 

US 75 U.S.A. 

Ramonstaya 06 U.S.S.R. 

Ploidy & other details 

Diploid, open pollinated, multigenn, moderate yield, low sugar 

Diploid, open pollinated, mUltigenn, moderate yield, moderate sugar 

Diploid, open pollinated, multigenn, moderate yield, medium sugar 

Diploid, open pollinated, multigenn, moderate yield. medium sugar 

Diploid, open pollinated, multigenn, moderate yield, medium sugar, 
tolerant to curly top virus 

Diploid, open pollinated, good yield, medium sugar, wide adaptability, 
good poDen producer 

The root crop evaluation was done at the experimental farm at Indian Institute 
of Sugarcane Research, Lucknow. Selfed and sibbed seed of 53 and'S4 generations 
aiong with open-pollinated or caged seed of parent "farieti~s was sown on ridges, 
in single-row plots of 6 m length with 20 cm spacing between plant). The experiment 
was laid out in. RBD having thtee replications. In all, there were six So. 15 S3 
selfed, 9 S4 selfed 14 S3 sib, and 9 S4 sib lines. Root yield and sucrose content 
were recordeH in 6-month-old crop on plot basis. Inbreemng depression between 
generations was calculated· for root yield. Values of sucrose content are presented 
as percentage of the So generation. 

RESULTS AND DISCUSSION 

The differences in top yield and root yield between S3 and S4 compared to So 
were high. ~ reduction in root yieid was significant in ~ and S4in varieties Ramonskaya 
06, OPH, ana US-75 (S,i selfed) (Table 2). The extent of reduction due to selting 

Table 2. Eldellt of InIlreedJDa depressioa for reoI yield of sqarbeet 

., "Significant at 5% and 1%, respectively. 

Su-oPen pollinated/cage seed; S) &: S.-third and fourth selfed geneJ'9,tions; Sb3-third 

sib-mated generation, Sb..-fourth sib-mated generation . 


.. 

Variety Inbreeding depression between different generations, 0/0 

So-S) So-S4 S:rS. So-Sb3 So-Sb. 

AJ·3 13.20 23.36 11.30 1.48 10.71 
AJ-4 53,33" 40.32" 
Dobrovicka-c 11.28 25.58 16.12 10.47 31.05 
OPH 25.30 38.00* 16.06 16.00 30.00 
US-7S 36.80 40.52* 5.88 13.26 29.37 
Ramonskaya 06 43.45** 46.81** 5.94 38.99** 52.35** 

Mean 30.56 34.85 11.14 20.08 30.70 
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S4 plants 
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was dependent on the extent of variability as a result of heterozygosity existing in 
the base population of the genotype. Variety Ramonskaya 06 showed more variability 
and, thus, recorded higher inbreeding depression. Variety AJ-4 also showed higher 
value of depression. However. yield potential of Ramonskaya 06 was more stable 
than in OPH and US-75. In accordance with the theoretical expectations, inbreeding 
depression for root yield in sib-mated generation was less compared to the selfed 
population. 

Inbreeding depression in the selfed generation gives an idea of the state of 
heterozygosity.in the base population. One generation of self-fertilization in diploid 
plapts should have resulted in about 50% homozygosity of all loci in Sl and each 
su~sequent selfed generation. Therefore, the inbreeding depression for root yield in 
the present case is due to breakdown of heterozygosity and gradual increase of 
homozygosity. This was reflected by the morphological uniformity within the plants 
of individual inbred lines and distinct differences between the lines (after selfed 
generations). In the sib-mating generation, lesser inbreeding depression was observed, 
whieh is in agreement with theoretical expectations [lJ. Doloi and Rai [2] reported 
similar results for seed yield in rapeseed. Aycock and Wilsie [3] suggested from 
their work on alfaffa that sib-mating should be resorted to maintain requisite 
heterozygosity so as to avoid drastic reduction in yield and vigour. In sugarbeet 
also, sib-mating can be successfully used to maintain inbred populations. 

Table 3. Sucrose oonteDts in ciift'ermt Inbreeding generations or $ug8l'beet 

Variety So Selfed generation Sib-generation 
S3 S4 Sb3 Sb4 

AJ-3 13.2 14.0(106)* 14.6(111) 13.9 (105) 13.5 (102) 
AJ-4 14.0 14.8(106) 14.7(105) 
Dobrovicka-c 15.5 14.2(92) 14.6(94) 14.0(90) 12.6 (81) 
OPH 15.5 14.0 (92) 15.0(97) 14.0(90) 14.2(92) 
U8-75 14.1 15.5 (110) 14.3 (101) 15.0 (106) 14.5 (103) 
Ramonskaya 06 14.0 13.0(93) 13.0(93) 14.2 (101) 15.0 (107) 

Mean 14.4 14.2 (99.5) 14.3 (99.2) 14.3(~.5) 14.0(97.0) 

*Figures in parentheses are percent of So values. 
SE ±0.68; CD 5% 1.41. 

Sucrose content of roots was not consistently affected by inbreeding (Table 3). 
Some varieties showed slightly improved sucrose content while others showed a little 
reduction. Similar observation after inbreeding in diploid strains has been reported 
earlier [4]. Varieties AJ-3 and US 75 in the present study showc;-d better sucrose 
content in the selfed and sib-mated populations compared to So generation.:Varieties 
AJ-4, Dobrovicka-c, OPH and Ramonskaya 06 showed marginal reduction in sucrose 
content after inbreeding. The average of all the genotypes showed less than 1 % 
reduction in sucrose in S3 and S. compared to So generation. 

In cross-pollinated species. the yield, vigour and productivity could be attributed 
tQ heterozygosity per se. Root yield in sugarbeet has been reported to be generally 
governed by nonadditive gene action [5, 6]. Therefore, reduction in root yield after 
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mbreeding in the present material clearly mdicates that it is governed, by nona9ditive 
gene action, which breaks down on selfing and increasing homozygosity. Sucl'ose 
content, on the other hand, showed very little depression even in S, and 8 4, It was 
nonced that the varieties were . highly selected for sucrose content and mostly 
nonSignificant genetic variability wasreco.rded. Moreover, additive variatioq has bee~ 
reported [5] to be important for this trait. Varieties US 75 and R-06 showed sli~t 
improvement after sib-mating, which clearly indicates that this character ispredotnJ\. 
nandy ~overned, by additive" geneactlon. . 
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