Variation and Inter-relationship Between Yield and Some . .
Agmnomlc Characters in Induced Rice (Oryzasativa L) mutants
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Abstract
A hzgh yteldzng, locally*adapted cultivar- “Salama” of ‘vice .(Oryza sativa-L.) ‘which: was recommended. for
cultzvatlon in Tanzama since’1 978 was irfadiated with gammarays using two doses (170.& 210 grays) from Cobalt
‘60 /60C 0)i m order 10"SHorten the planthetght Twenty three mutant lines inN{; and Msgenerations plus two controls
] u ere sown ina Randomlsed complete BlockDeszgn (RCBD)j andrepliatedihreé times at the Sokoine Untverszty of
1 grtculture (SUA) farm in Momgoro Tanzama The' ‘objective of the study was to estimate genetic parameters and
- the assoczatlon of vanous ‘traits with yteld The combinéd- analyszs over two years was used o estimate genetic
vartances hergtabtlzty and expected genetlc gain Sfrom selectlon The data generated were also uséd to perform
corr_‘elatron and path coeﬁctent analy.srs Analyszs of varzance revealed szgmﬁcant di ﬁerences among the tested
characters except ‘number. of tlllers per plant and 1000’ gram weight. ngh genotype coeﬁ" icient of variation,
hentabzlztv estimates and expected genetlc advance were recorded for plant height, number oftillers per plant and
1000 grain weight, Correlatzon and path coeﬁczent analys1s revealed that days to 50% flowering and number-of
_panicles perisquare metre were zmportant characters that mﬂuenced yzeld
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Rice breeders in Tanzania have been using
various breeding methods:such as introduction

. and selection. hybridization and mutation breed-
[ ing to develop improved rice varieties (Monvo &
Kanyeka: 1978, Lu21-K1hup1 1998). The intro-
duction of modem semi-dwarf varieties has not
) been successful in Tanzania due to poor grain
qualttw of- these varieties as compared to the 1o-
cal varieties. Farmers still grow locally adapted
varieties, many of which are photoperiod - sensi-
“ tive, late maturing, tall'and weak -statured

‘ Introductlon

the (Ortza sativa 1) is one-of the ‘most im- -
portant:cereals in the;world. cIt:is-one of the -
major field crops:iri-sub-Saharan-Africa with an,
estimated cultivated drea‘of about-6. 8 million *
hectafes (Jones:.1999). In East; ‘Central and
Southérn *Africa’ (ECSA) region, Tanzania is the ..
second largest producer after Malagasy (IRRI, .-

1994).} _

There is a con51derable potential for i 1ncreasmg ~
grain yield and expanding the arca undeér rice in-x
Tanzania. Annual. rice production is about—
800,000 tons from an estimated total area of -.
548,000 tons (thstry of Agnculture & Coopem
tion, 1998). The’ avemge v1eld is estlmated ai'l.s -
2.0 ton per hectaré. B

*Corresponding author

(Kanyeka et al.. 1994, Kihupi etal.,1996).

"“These traditional culttvars however. have supe-

. Tior grain quality though they perform poorly un-
der high input management.

The need'to have a wide range of ‘genoty pes
" to 'select from: together with the hope of intro-
“ducing one or two desired genes to our tradi-
“ tional cultivars without drastically’ changmf,
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their grain quality, prompted utilization of induced *
mutation breeding to complement theé conven:
tional breeding. The aim of the rice breedmg
programme at the Sokoine University of Agricul-
ture is to develop varieties that perform better than
farmers’ traditional cultivars. The developed vari-
eties should combine good plant type and accept-
able grain quality. Mutagenesis is an effective
tool for improving specific characters of the exist-
ing cultivars particularly plant height, maturity
and grain characteristics:--Successful use of:muta*
tions has been reported.-in several rice improve-
inent programmes (Mahadevappa et al.; 1983,
Mikaelsen, 1980, Rutger 1983 and Rutger et
'a1 1986).

=+ .This:present’ study was undertaken to deter- L

.mine the. genetic parameters for yield and its com- ,
* ponents and to assess genetic x envxronment inter-
-action-of . selected characters 1n rice mutants

_These mutants were der1ved from 1rrad1at1ng -

- “Salama” variety w1th gamma rays m 1994 w1th
. the aim of reducing. its. plant he1ght and maturatlon
perlod The study also aimed at est1mat1ng the d1-
rect and indirect contribution of Various compo-
nents towards yield. The results obtained may be

useful in'planning a more efficient;breeding -

programme (Grevo1s and McNew 1993).

Materlals and Methods

.....

Dry seeds of “Salama’ cultivar were irradiated
. with 170 and 210 Gray (gy) gamma rays from co-
~ balt 60 (*°CO) gamma source at the International -

Atom1c Energy Agency (IAEA). Seibersdorf Lab-
» analysis was performed using MSTAT C - (Mich-

oratory, near Vienna, Austria in May, 1994. The -
- irradiated seeds, and control were sown m July 16,

1994 at the Sokome Un1vers1ty of Agr1culture -

(SUA) Crop Museum "The M, primary panicles -
were\harvested and pamcle fert111ty determined
..and M: seeds planted as- M2 panicle. - to — row
progemes About 70 pamcles were selected per’

-the. selectlon cntena and harvested 1nd1v1dually

‘‘‘‘‘

advanced to M3 and subsequently to M4 ped1gree~ A

nursenes

- In 1998 and 1999, twenty three Ms and Ms
lines, respect1ve1y were sown in replicated trials at
SUA. These lines plus two control varieties in-
cluding the original variety “Salama” were sown

- under upland conditions using a Randomised
Complete Block Design with three replications.

The plot size used was 2m x 2in in which the
plants were spaced at 20cm x 20cm. Nitrogen
fertilizer was applied in the form of urea at the
rate of 100kg N/ha in three split applications; at
planting, tillering’ and’ panicle initiation stages.

Phosphorus was applied at planting at the rate of
50kg P20s/ha. Data collected included plant
height, days to 50% flowering, pan1c1e length

“mumber of panicles; per.square metre,; 1000, gram

weight and grain- y1eld per plot All the data

‘were collected in accordance w1th Gomez
(1972). . The data collected were sub_lected to the
- analysis of variance using MSTATC computer

package (Michigan State Un1vers1ty, 1990).

, From the combined analy51s of variance table of

1nd1v1dual traits, estlmates of error phenotyp1c
genotypic and genotype x env1ronment variances

,for d1fferent characters were computed follow-

1ng the procedure descr1bed by Johnson et aI’

’ (1955) and Kaul (1973).

"Genotypic and phenotyp1c coéfficient of

*“variations were estimated by. the’formula

adopted by Kaul and Garg (1979), that is divid-
ing the. square. root of the genotypic and
phenotypic Variance respectively by the popuila-
tion mean-and multiplying by -100. Heritability
estimates in the broad sense (Line basis) for vari-
ous traits were calculated by using the formula
proposed by Hanson et al., (1956). Expected ge-
netic advance was estimated by the formula
given by Johnson et al.; (1975). -~ ..~ _." |
->From the data collected,-simple correlation

- igan State Univérsity, 1990)s Partitioning:of:di-

rect and indiréct effects ‘was.carried out using
~'path coefficient ‘analysis$ as outlined by, Dewey”

. and Lu(1959). -

dose (treatmmient). The M: plants wére selected us- " rReSUltS‘ g o

_-ingplant height, early maturity ; and’ grain types as’ Zu-

There were “hi ghly 51gn1f1cant d1fferences
among the genotypes for all the characters tested
In both years non 51gmﬁcant dlfference were ob-

'''''''

number of tillers per plant and 1000 grain
weight, all the other characters showed highly
significant genotype X years interactions.



Table 1: Estimates of Error mean squares from ANOVA table
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Error Mean Square

Character * Genotype., - Year ' » GxY Error - - :
Yield (kg/ha) 285203.92 3381282.31%%+ '9865.286%** - 33005.906 - —-
Plant Height (cm) « 2154.208%** 2449 75%* 130.406*** ~ '1: 23318 °
Days to 50% Flow ' 155.69%** 173.603™ 15.449% %% | 2442 .
No.of Tillers/plant . * 3.66** - 139.105%** 098 0.588
No.of Panicle/Sq.m 1205.36***. 65644:815%%* ©1412.54%%% . 284.725
Panicle Legth (cm) 6.435%%% L. .. 0.477 $3.00%** 1.277
1000 grain wt. (G) 66.609*** 1 _. 0.05™ - ¢ © 5742 : 4.112
== = _ :

*¥* P< (), 001

. ns=Non significant .. R

M s At . i“\_f - . ..

*" "Tablé 2: Vanance Components of varlous tralts
b LAl R
ol Sl

Chacter o Bzg 52gy - 5% 3%ph
“Grain yield™ ) '31189.1 21686.46 ° © - 164908.67 477803 ©
Plant Height 337.3° ' 3570, . - . .r...3865 - -355.79..
Days to 50% Flowering 23.37. 4.40 2.12 2560 '
No.of Tillers/plant 045 . 0.13 223 - 0.55
No.of Panicles/Sq.m - " 48.80 209.27 1066.23 171.21
Panicle length 0.57 0.57 0 0.86
1000 grain weight 10.14 0.54 0 10.41
a'g =~ genetyplc variance i
3’gy = genotype X year variance”
3% = Error variance » -
a’ph =

phenotypic variance

tioe
]

The estimates of variance components are
given in Table 2. Genotypic variances were ob-
served to be higher than variances due to Geno-
type X year interactiosnis except for days to 50%
flowering and number of panicles per square
metre (Table 2). ., i

The estimates of genetlc coeff1c1ent of varia-
tion, expected genetic advance, broad sense
heritability are presented in Table 3. The .

genotypic and phenotypic coefficient of variations
were numerically higher for the plant height and :

1000 grain weight, while the reverse was ob-
served for number of tillers per plant and number
of panicles per plant (Table 3). The two varia-
tions were almost similar for all the remaining
traits. Heritability estimates were higher for
1000 grain weight (97.4%) and lowest for num-
‘ber of panicles per square metre (28.5%). Plant
height, ‘number of tillers ‘per plant and 1000
grain weight had high expected genetic advance
while panicle length exhibited the lowest value
V(Table 3).
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Table 3: Genotypic Phenotypic coeffient of variation, Hentablhty and Expected ge-

A}

‘netic advance (EGA) - .
Character .~ Mean -Genontypic Phanotypic HY (%) . - EGA (of Mean)
o . " Coeff. Var. Coeff var. : ’

Grain yield: 4293 s a4l 5. 09 65.30 6.85 '
Plant Height. 119.3 15.39 15.84 94.48 30.88

Days to.50% Flowering 96 o 5.04 548 . 91.29 9.91

No.of Tillers/plant 7 ";-9.58 11.21 81.50 0 17.82 .
No.of Panicles/Sq.m 133 - 217525 9.84" 28.50 578 ;o
Panicle length ° 232 +5:3.26 399 e 66.28 5.46

1000 grain weight 27.2 11.58 11.73 97.4 2380

i

Analysis of correlation coefficient revealed that
grain yield was positively correlated with days to
-50% flowering, number of panicles per square.
metre, number of tillers-per plant and panicle—
length. A negative correlation: was observed be-= -
tween yield and 1000 grain weight. .Highly. signif
icant positive correlation 'was recorded between
number of tillers per plant 4nd number of panicles

per square metre and betveen plant height and
1000 grain weight. Days to 50% flowering was
negatively correlated with 1000 grain yield (Ta-
.ble 4) Days to 50% flowering.and number of
panlcles per square ‘metre exhlblted hlgh direct
“effect on yield (Table 5). Although all the other
~ characters had positive direct effect on yleld
their magmtude was low

(RN

DTSN

N

'

" Grain |

Days to Plant No.of Panicles/ ~ Panicle = 1000 -
50% low height tillers/plant sq.m length grain wt yield
Days to 50% 1.000 e e 3
Flowenng Pla.nt Height -0.468** 1.000 - T R i "
No.of 0.350*%* -0.080 1.000 ERRI
Tillers/Plant/Panicles 0.505%* -0.113 0.660** 1000 .- [EIRRL I il
S$q.Metre Panicle Length-  0.247 0.145 -.094 .0.149 1.000 “
1000 Grain weight -0.598 0.603 -0.244 -0.324*%  0.105 1.000 .
Grain Yield 0.527 -0.104 0.418** 0.551**  0.236 -0.253* 1.000
e -
*P<0.01. -
*,P<0,05 1
Table =H Path conefﬁcrents showmg dlrect and mdlrect effects of various tralts on gram yleld <
' . i ‘ _ T (R S 2 || RY] ,.A oo
R . . Days to, - Pla.nt No.of * ¥% Panicles/ ‘)Pamcle v fOOQ -
T LT s 6 flow _height “Tillers/plant © G, © lengih” grain-wt
Days to 50% Flow 0.387 -0.039 0037 057t T Toor T oloze
Plant Height -0.181° 0.083 -0.007 77t eTi0.0357 0.101 0.026"
No.of Tillers/Plant 0.135 -0.007 0.088 -0.205 0.006 © -0.010
No.Panicles/Sq.M 0.195 -0.009 +0.058 0310 0.010 -0.014
Pa.mcle Length 0.096 0.012, 0.008 0.046 0.069 | 0.005
- 1000 gra.m wi -0.231 0.050 -0.021 -0.100 0.007 0.043

Residual effect5'= 0.769

/



DisC’u’ssion’
Genet1c varrabrhty m nce can be generated by
erther hvbndlzatlon or. mutatron The use of in-
duced mutatrons in rice nnprovement has been re-
ported by many workers (Maluszvnsk1 etal.,
1986) o

. The results from this study revealed the pres-
ence of, considerable variability. in all the ¢harac-
ters studied. This indicated that mutagenesis cre-
ated a-lot:of useful wvariationfrom:which selection
could be.cffected: Induced variation on native rice
were also reported’by Rutger. et ali, .(1976);
iMikaelsen’ (1980) and Rutger.(1983)... -.Year'dif-
ferences'were*not srgnrfrcant for:days:to 50%
flowering, ‘paniclé-length and’ 1000 grain weight
W hrch showed that these characters will not

""""" relatlvelv

‘stable. | ,V T, ’

The total genet'
_h1 gher than their pectylve env1ronmenta1 vari-
ance. for characters plant herght day s to 50% -
ﬂowenng pamcle lengths and 1000 grain weight, &
whilc the reverse was true. for grarn 'vield, number

of tillers per. plant and number of panrcles per .

square metre. This, showed that consrderable ge-
- netic v anablht\ was. avarlable in the tested lines

for ifiiprovement of the crop in the traits with
- higher-genétic variability than those with low ge-

netic v anabrlrt\ Converselv the high G:x Y inter-
~-action v anance for graln "vield and number of pan-

icles per: square THELFE 1nd1cated thatfor these - .
tra1ts est1mates would™ vary from v ear/season to !

another. This underscores the 1mponance of eval-

uatmg the breedrng 11nes for more than ‘0ne season

or vear Panrcle length and 1000 grams welght .
showed no env1ronmental effects T e latter also :,..
show ed non- srgmﬁcant G.x Y 1nteractron indicat- -

ing that/lOOO grain werght of rice does not change

in various.environment.. Gram welght of rice has .

high heritability. - estlnlate and is.usnally fixed
earlyin.the breeding. programme -

merically very.low indicating that the-range of ge-

netic variability existent in the traits was relatively E

low. However, the estimates of heritability which
determines the heritable- portion of variation was
highest for the traits 1000 grain weight and plant
height and lowest for number of panicles per
square metre. A Similar trend was obtained by
Kihupi and Doto (1989). From the result it is evi-

c'\'ar'iance estimates were .
were found to have posm\e influences on yield.

The genotvplc coefficient-of. var1at10n was:nu-
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-dent that plant-height. 1000 .grain weight and
~.days t0,50% ﬂowenng are hlghlv hentable char-
-acters: , These traits.also.had. hrgh expected ge-
netic advance indicating: that these traits could be
improved upon through selection.

Yield is a complex.character involving sev-
eral related characters. Piant breeders have re-
cognised the importance of the association of

- these components and'vield:and their implication

in. designing and: ev aluatlng a-breeding
programiine. In this study. vield was pos1t1vel\
correlated with days to 50% ﬂowenng number
of panicles per square metre, while it was nega-
tively correlated with 1000 grain weight. A sig-
nificant positive correlation between rice vield
and number of panicles per square metre was
alSo obtained by Sarathe et aI (196‘)) and
Luzr-K1hup1 (1998). -

" Days to 50% flowering, number of tillers per
plant and number of pan1cles per square metre

Although the number of pan1cles per’square
. metre had d1rect effect on vreld it exh1b1ted low
her1tab111t\ estrmate compare to the otlier two
trarts Therefore., this trait can not be effectr\ ely
used asa selectron cntenon forvield. =

.~ Daysto 50% ﬂowenng plant height. number

of tillers per plant and 1000 grain weight which
... ;exhibited high genotypic coefficient of variation

-:and high heritability estimates could offer scope

for selection and genetic progress should be ex-
pected However number of tillers per plant and
‘1()00‘ gram weight which showed non significant
““G'X Y’interactions should be given more weight
in selection, for v1eld in carlier’ generatlons At-
entron should be grven to the negatlve corr¢la-

N tlon betw een these’ two characters 1f simulta-

-neous selectron of the two traits is des1red in or-
~der to increase grain vield.

Conclus1on - S

Through mutatron breedrng it was possible
to generate heritable variation by irradiating an
upland rice variety, “Salama”. Significant geno-

- type X year interactions were observ ed for all the

traits studies except number of tillers'per plant

. - :and 1000-grain weight, plant height and days to

50% flowering. Number of tillers per plant and -
1000 grains weight were found to be highly heri-
table characters. However, number of tillers per
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plant and 1000 grain weight could be useful as se-
lection cntena in earlier generation since these
characters are not aﬂ'ected by year d1ﬁ'erences and
have high hentablhty estnnates
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