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Abstract

Several short stature (20-40 %), early flowering (7-21 days earlier) and long grain
mutants/recombinants have been developed at NIAB through induced mutations and other breeding
techniques in the traditional Basmati rice. The mutants with desired traits were hybridized with the
traditional Basmati, which resulted in the derivation of desirable progenies showing good hybrid
vigour. In the selected progenies of M, genecration, mutants showed significant reduction in plant
height (18.29-33.62 %). The mutant 39-1 which was short statured as compared to its counterparts,
produced maxtmum productive tillers/plant (17.6) and outyielded along with some other mutants
15-2 and 15-3 as compared to their counterparts and checks. All the mutants possessed increased
paddy length (10.00 mm-10.76 mm) and outclassed their respective parents exhibiting high L/'W
ratio. The recombinants cxhibited improvement in grain yield due mainly to greater number of
tillers per plant and increased spike fertility percentage. The physical grain quality parameters of
paddy length, paddy width and their L/W ratio were also superior. From the yield trial, one of the
mutants (EF-1-20-5-99) flowered 14 days earlier than the parent (Basmati-370) and standard Super
Basmati and Basmati-2000 may be used in hybridization for the development of recombinants with
even more desirable traits.

Introduction

In Pakistan, rice is cultivated on an area of about 2.52 million hectares with a
production of 5.16 metric tons annually, giving an average yield of 2,050 kg per hectare
(Anonymous, 2000). The importance of rice for our country is manifold as it is an
agricultural commodity that adds 20 % foreign exchange to the national foreign exchange
reserves (Anonymous, 2001). The demand for rice is continuously increasing due to
unabated growth of population. Inorder to cope with the ever-increasing population,
achieving self-sufficiency in rice production and maintaining price stability, new high
yielding varieties with tolerance to biotic and abiotic stresses are needed.

Breeding for high yield, short stature and shorter duration is a common breeding
objective throughout the world in all the cereal crops. In Pakistan, the introduction of
short stature varieties of rice resulted in a substantial increase in rice production, yet due
to their inferior grain quality did not suit the preferences of the consumer. Breeders, in
Pakistan, have been trying to develop high yielding and early maturing Basmati varieties
by incorporating genes for short stature, early maturity and higher yield potential from
the newly released non-Basmati semi-dwarf varieties by keeping all the quality traits of
traditional Basmati. Progress in this direction has been difficult and slow due to genetic
differences between the varieties. So, keeping in view our national interest, the only
alternative approach is to induce the desirable traits in the Basmati background and then
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utilize in cross breeding or direct release. Induced mutations have undoubtedly played a
significant role in achieving useful mutations in rice (Mustafa et al., 1997; Baloch er ai.,
1999). In plant breeding, mutation has become an effective way of supplementing
cxisting germplasm and improving cultivars (Micke ez al., 1990; Wen & Qw, 1996;
Baloch er al., 2001ab). Most of the mutants are directly utilized, but an increasing
number of cultivars are resulting from crossing of induced mutants (Krivolapov, 1987:
Wang, 1991).

Several short stature, early maturing and extra long grain mutants/recombinants have
been developed through the use of induced mutations and other related breeding
techniques in the traditional Basmati rice at NIAB. Mutants with desired traits were
hybridized with the traditional Basmati, which resulted in the dcsirable progenies
showing a promise.

Materials and Methods

Pure and dry dormant paddy seed of Basmati-370 with 10-12 % moisture were
exposed to different doses of gamma radiations of 200, 250 and 300 Gy. The M,
generation was raised during 1999 by keeping a row distance of 10 cm. Main panicle
from each M plant was harvested at physiological maturity and seed was bulked dose-
wise. From M, population, desirable mutants were isolated on the basis of early
flowering, short stature, good plant type and other grain quality characteristics. These
plants were assessed for stability of the selected traits in the M; and M, progeny rows.
The untreated control was also planted after every 10™ M3/M, progeny for comparison.

An extra long grain mutant viz. EL-30-2-1, developed earlier was crossed with
commercial variety Super Basmati during 1998 with the aim of improving the grain
quality. The desired recombinants were selected in the segregating populations. More
than 500 single plant progenies in the F, generation were sown in early June during the
year 2002 at NIAB, Faisalabad. Individual plant selection was based on plant height,
productive tillers/plant, grain fertility, yield/plant and grain acceptability (grain physical
parameters). The parents were also planted after every 10" row of the recombinants for
comparison.

In another trial, three mutants and their parents along with commercial varieties were
planted in a yield trial during 2001-02. The experiment was laid out in randomized
complete block design (RCBD) with three replications. Thirty days old seedlings were
transplanted into a 1.60 x 2.60 (sq.m.) plot size. Recommended cultural practices and
plant protection measures were applied. The data were collected on yield as well as yield
components and physical parameters of the grain on five randomly selected plants of the
middle rows excluding the border plants. The data thus collected were subjected to
analysis of variance following Steel & Torrie (1980). The varietal means for each
character were compared by using the Duncan’s Multiple Range Test (DMRT).

Results and Discussions

Plant height, paddy yield, some yield components and physical parameters of grain
for 12 mutants in M4 generation and parents are presented in Table 1. The data revealed
18.3-33.6 % reduction in plant height, which showed that the genes controlling this trait
can easily be mutated in rice by gamma rays. The mutant 39-1, which is short statured,
also produced maximum productive tillers/plant (17.6). Regarding the paddy yield per



'LOPMENT OF BASMATI RICE VARIETIES THROUGH INDUCED MUTATIONS 813

DEVI

rioForty SO0+ ¢EIe 01'0+966 BI'V+FCo'ST 9L T+T08 8LEF09TI  OI'TF0'191 owm-MMWMMmW
LCOFTOF P00 F90°C IO+ ¢10! 6V F8T9C vovrFE6'l6  SSOFOPCI e+ TTel [-6T1
CCOF00¢ 600+ £0¢C eCoF Lol 659F P60 66°CFOLC6 PEVFOFLI  vYCEFOIC -SL
SIro+0Cs 900+ 007C 910+ £+ 01 9CTFPT9T  LLUTFLE96 T8I FOPPI SESFOCTI 1-6§
610+ 0C¢ SO0+ 10T 0’0+ 8501 90'c F¥¥ST  68CFS068 CO6TFO09T TV FTCII ¥-9¢
LTOF8IS 90°0F80C SO0+9L01 CTY+CCT1C PSP +F6L98  THe+0Tel  9TL+86II1 9§
170+ LES 00F96°1 S0+ £C0l1 POY+96'0C 86'CFL9T6 S6CFOCYPI 6L 1TFCTCII 1-9¢
BTUF6F FO'0F S0°C 80 F 6001 LETFYTIC €6 TF6L06 F80FO081T €8V F Il 1-¢§
LI'OF O LOOFH0T Sro+9001 C99F96'¢c  I€8F8RLE 65 TFOCTI  IT'e+81¢] [-0%
LTTOF90°¢ FOOF H0°T SO+ +¢°01 POr+006C T&SFOV68  LOCFO9LL  SOEFHLOI 1-6¢
IO+ 88% 90'0F$0C CI'0+ 0001 08'TFRCLT 60TFB9C6 0OLTF08TI  90F+ 0601 e-Cl
910+ 98'F 80°0F60°C FIOF 9101 SLEFPO8C  CCTF0OLTO6 LYTFO¥PL  SI'vF 8601 =
oro+eLty 900+ t1'T 0105 1T01 ITe+8TTC 9T+ 60¢6  LOTFOIIT  S8L+86CI1 -2
onel (wu) () 3) (35) juerd/saaqn (ud)
Ppm/3ud T qIpis Apped  ISud] Apped  jueld/ppIx ASLITRER | asnonpold 3Ry jueld Auagoid

"£0-7007 18d4 oY) Surnp juared giin 3uofe ((L¢-NeWSEY JO IANIBALII(J) UONEBIIUIS FIA] UL SJUBINW JO IIUBULIONI] T IqEL



M. RASHID ET AL.

PLOF 19 FIOFvTC LTOFL9¢] 8 1T+9¢I £9F00SL 9TF0O¥Tl 8¢+ 86¢Ll 1-2-0¢-14
0T0F6I°¢ 90°0+00°C ee 0+ L0l 9T+¢1¢ 90+¢ST¥6  ¥I1+009I1 Ly *FTCII newseq 1adng
FCO+91'S 800+ 9I°C 0T0+CI'TI (O Y 6'¢F €668 6'1F00¥] 9T+ 0ovel 06
0T0* 0F'¢ SO0+ LIC 6E0FI1LTI P'eF 9 6'T+LS¥6  OTFO09I eTF00¢el StL
9T F19°¢ 900+ 11'C 00+ 0811 9¢F0vC TIFvLT6 ['CF 001 v'1+68¢1 £t
8P 0+ 8Y¢ 61'0F0CT ILOFL6TTI 8T+ LT CTFELEO TTFOTYI eeF L] (4
cro+oLs PO+ CTIT 8¢0FTT 't + LS 'S+ 1¥88 CCF O8I 8t Frel I-S%
810+ 8SS FOF 10T P 0+TTT 10+ 6'6¢ 69 + 8588 LTFO9LT 8¢ +9°¢tl <l
CEOFFEE 900 F t0'C 6S0F vl 8 CFREC F'1T+6L96 ST+yesl 6'¢c FOLET €6
SCOFRYC 600 F 0T 6C0F 1111 6TFTCC 60+ ErSo 60+ 00¥I FEF90rI1 I-6
onel (W) qIpism (waue) (3) (%) juepd/siopm (u)
YIpIM/Yisud| Apped y)sud| Appeq  juerd;ppax NI dandnpold Y3y jueid Auagoiyg

-+

81

*€£0-7007 1834 9y} Surinp sjualed s Buole (1-7-0¢-"15 X pewseq 19dng) uonerdudsd ¥,y ur sdawagord jo yduewiojrad "7 dqe L.



LOPMENT OF BASMATI RICE VARIETIES THROUGH INDUCED MUTATIONS 815

DEVI

10°0>d 1€ JUSIIFIP K[{Ud1ISHIEIS 10U IR UOWUWOI U1 JANI[ R SULIRYS SUBAW Om1 AUy

(uareq)

alOl ey 00T N LO7T 5 L8TI SEL9 av LYY q teIe v 8'EE gtel ¢ 9TLT 5 LTI OLg-Tewsey

y 60°1 oy 17T en 0L'1 v ESTTI gLCTL v 6STY R X qv £€€ g 1Cl 5 8'8¢1 § L'TC 000¢-hewiseg

5a L8] ox 00T enOL'T qL9¢l av el v Oret ay €502 5 8'8C vy §91 a LTl g O'1cl newseg Jadng

P81 e tl'e on £91 g L8t v ES°L 5 t06¢ av L97CT 562 v 1'LT g 6711 g L'1CT 66-¢-0t-1-Nd

av 01 g LOT e 91 q 00%1 grc’l 59 T80T gtl'1c 5 $'8C v 191 atell al'TclT 66-L-0CT-INa

5yl g LO0T on £9°1 aLTTI HEL9 v EOET a e1'0c q 0'CE v 191 g £ 081 a 07601 66-¢-0¢-1-44
() () (wrur) (1uur) 3) siep

onel I0L1 PIY00D IDLI MBI IILI PAYOOd DU MBI (BY/SY) 1ySm (wd) Yyduay jueyd /s1a (wd) Suipeay dweu Anuy
uonesuold  JO WP JO WPIA JOWBudT  Jo dud] PPRIA P293s-000T IPlueq 3andnpold Y3y jueld 7% 08

(Z0-1007) Peqe[esie] "g VN B SIILIBA Iayd pue jusied 0) paseduiod se ((L-NEWSEY JO SIANEALIID) SJUEINW Padnpul Jo 3dueuriofrad Uesy ¢ d[qeL



8lo6 M. RASHID ET AL.

plant, four mutants 75-2, 39-1, 15-2 and 15-3 out-yiclded all the mutants and checks. The
results of physical parameters of the grain showed that all the mutants had increased
paddy length than the parent. All the mutants out-classed their respective parents by
possessing high paddy L/W ratio of the grain. Significant improvements in rice crop with
the use of induced mutations have been reported in the literature for plant height (Hoang
et al., 1988), high yield potential (Sharma & Reddy, 1991) and improved grain quality
(Narahari, 1979).

All the F; recombinants (Table 2) showed increased yield/plant (21.7 g to 29.9 g)
than the parent Super Basmati (21.5 g). The progeny 45-1 had maximum productive
tillers/plant followed by the progeny 12-2 (17.60) and both had almost the same plant
height and fertility percentage. The progeny 12-2 expressed the highest yield per plant
(29.9 ¢) followed by 73-5 (26.3 g) and 45-1 (25.7 g). All the progenies showed increase
in paddy length and paddy L/W ratio over the Super Basmati. Roy & Arraudcau (1988)
and Sison (1989} also reported improved grain fertility and grain length in F, generation.

The means for yield and yield components for different genotypes along with the
parents and standards are shown in Table 3. Results indicated that the mean values for 50
% heading days ranged from 109.0-122.7. The mutant EF-1-20-5-99 was significantly
different from all the other genotypes and took minimum number of days (109) for 50 %
heading, whercas, parent Basmati-370 (122.7) and Basmati-2000 (123) took maximum
number ol days to heading followed by Super Basmati (121). Mean plant height ranged
from 113.4 ¢cm to 171.6 cm. The mutant DM-1-20-7-99 was observed to be the shortest
(113.4 ¢m) Tlollowed by DM-1-30-3-99 (114.9 cm). Both the mutants were non-
significant to Super Basmati but significant than the parent Basmati-370 (171.6 ¢cm) and
Basmati-2000 (138.8 ¢m). The mean value for productive tillers/plant varied from 12.1 to
17.1. Mutant DM-1-30-3-99 produced maximum number of tillers/plant (17.1) whereas,
Basmati-2000 produced minimum (12.1). Mean panicle length ranged from 28.5 cm to
33.8 ¢cm. The mcan values for 1000-seed weight ranged from 20.13 g to 23.33 g.
Basmati-2000 had the highest seed index (23.33 g), while the least was recorded in EF-1-
20-5-99 (20.13 g). Both the dwarf mutants DM-1-20-7-99 (21.73 g) and DM-1-30-3-99
(22.67 g) were statistically different from Super Basmati (20.53 g) but non-significant
with the parent Basmati-370 (21.33 g). The results showed that though the mutant EF-1-
30-3-99 yielded 4393 kg/ha and was non-significant with the parent Basmati-370 and the
comimercial varieties Basmati-2000 and Super Basmati but flowered much earlier.

The mean values of different grain quality parameters of raw rice for some of the
mutants along with parents and standards were found to be statistically significant. All
the genotypes were non-significant for the characters viz. width of raw rice and width of
cooked rice. The mean values for length of raw rice varied from 6.73 mm to 7.53 mm.
The mutant DM-1-30-3-99 had the maximum raw rice length (7.53 mm). The statistical
significance revealed that this mutant was non-significantly different from the Super
Basmati but significantly different from the parent Basmati-370 and Basmati-2000. It is
clear from the data that there is wide range of variation in the mean values of length of
cooked rice that ranged from 12.27 mm to 14.53 mm. The highest cooked rice length was
observed in Basmati-2000 (14.53 mm) followed by the dwarf mutant DM-1-20-7-99
(14.00 mm) but significantly different from the parent Basmati-370 and non-significant
form the Super Basmati. The clongation ratio of cooked rice ranged from 1.82 to 1.99.
Basmati-2000 showed the maximum clongation ratio (1.99) followed by DM-1-20-7-99
(1.92). The mutant DM-1-20-7-99 was non-significantly differcnt from Basmati-2000,
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Super Basmati and DM-1-30-3-99 but significantly different from the parent Basmati-
370. These results are in conformity with the findings for early maturity (Bari & Awan,
1974), short stature (Hu, 1991; Gravois & Helms, 1992; Takamure & Kinoshita, 1993),
increase panicle fength, fertile spikelets per panicle and L/W ratio (Sarawgi & Soni,
1993), yield and quality improvement (Baloch ef «f., 2001a.b) and small grains and large
grains (Chung et al., 1990).

The present studics showed that a large number of mutants/recombinants derived
from induced mutations may be used either directly or in cross breeding tor the
devclopment of scgregants possessing improved plant and grain quality characteristics.
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