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Introduction

Short stature mutants, induced in native rices, are often associated with
more efficient partitioning of the dry matter resulting in high harvest index
and lodging resistance besides increased grain yields”®. Induction of semi-
dwarf (SD) mutants in tall rices with special adaptations, such as resistance to
salinity and drought, aroma etc., is highly desirable’®!’. As most of the high
yielding SD cultivars are derived from Dee-geo-woo-gen (DGWG) source, it is
worthwhile to generate new versions of SDs for broadening the genetic base
of semidwarfism'®.

A total of about fifty reduced height mutants, induced in diverse indi-
genous lines, were field-tested for their performance and other morphometric
characters during 1982 and 1983. After preliminary evaluation, a set of
eleven SD mutants with desirable yield potential and agrobotanical traits
were selected for further evaluation and genetic analysis. This report deals
with (i) the performance of SD mutants at four levels of nitrogen (N) fer-
tilizer ; (ii) internode-pattern of SD mutants; (iii) genetic analysis of certain
SD mutants; and (iv) physiological characterization of various SD mutants.

Materials and Methods

The SD mutants, their tall parents and two semidwarf checks, IR 8 and
DGWG (Table 1), were grown during 1982 and 1983, on Plant Genetics
Experimental Farm of Department of Genetics, O. U., Hyderabad, in a
randomized block design with three replications. One-month old seedlings
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TaBLE 1. List of semidwarf mutants and other stocks used
Mutant/Cultivar Parent Mutagen used Source
Basmati 370 (SDy) Basmati 370 EM.S. C.R.R.I, Cuttack, India
Basmati 370 (SD,) Basmati 370 7-rays+E.M.S. Panthnagar Agricultural
) University, U.P., India

Basmati 370 (SDj) Basmati 370 r-rays Department of Genetics,
0.U,, India

TCA,; (SD) Tilakchandan EM.S. Rajendra Agricultural
University, Bihar, India

TCA; (SD) Tilakchandan X-rays do.

TCAP,-5 (SD) Tilakchandan 7-rays do.

T 141 (SD) T 141 X-rays University of Agriculture
and Technology, Orissa, India

NZD; (SD) Nizulu E.M.S. Department of Genetics,
0O.U,, India

NZD,; (SD) Nizulu 7-rays do.

Mahsuri (SDy) Mahsuri 7-rays do.

YV (SD) Yedagaru Vadlu | spontaneous do.

IR 8 (EMD) IR 8 7-rays+E.M.S. do.

DGWG (sd-1) Woo-gen spontaneous I.R.R.I,, Manila, Philippines,

cv. IR36 (sd-1) — — do.

D24 (sd-2) Calrose 7-rays University of California,
Davis, U.S.A.

D 66 (sd-4) Calrose 7-rays do.

cv. Bala (sd-1) - — A.I.CR.LP, India

were transplanted in five-row plots, at a spacing of 15X20 cm, and were
raised under standard culture conditions (60 kg N : 20 kg P,O; : 20 kg K,O/acre)
of the region. Data were recorded on plant, panicle, grain and other agro-
botanical characters. At maturity, ten random plants from each stock were
uprooted and measurements were noted on the longest culm for number and
length of internodes. During the winter season of 1983-1984, eleven SD
mutants were further evaluated at four levels of nitrogen, viz., Ny=0kg;
N;=50kg; N;=100kg; and N;=150 kg N/ha. The seedlings were trans-
planted in six-row plots, at each N level, in a randomized design with three
replications. Uniform doses of 50 kg/ha each of P,Os and K;O were incor-
porated before transplantation. N-fertilizer, urea, was applied in split doses
at seedling and panicle initiation stages. Data were recorded on days to
maturity, culm length, panicle number, panicle length, No. of grains/panicle,
grain weight and grain yield/20 plants. Observations were noted at maturity
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on plant habit and lodging index(LI). Also, the total dry matter produced/
plant and harvest index (HI) were estimated in each replication at four N
levels. Duncan’s new multiple range test revealed significant varietal diffe-
ences for different characters at each dose of N.

Investigations on inheritance mode and allelism, with reference to DGWG
(sd- 1) locus, were made on semidwarf and dwarf mutants. The F, progenies
together with their respective parents were raised under paddy field condi-
tions during the monsoon season of 1984. Culm lengths were measured
before maturity in parents and F, populations. Chi-square (X? analysis was
used to test the goodness of fit of observed segregations with expected ratios.

In SDs and talls, the fresh and dry weights were measured on ten day
old seedlings. Adopting the method of Arnon', chlorophyll “a” and “b”
were estimated from the leaf tissues of ten-day old seedlings. The beta-
amylase activity was assayed on five-day old seedlings following the method
of BERNFELD? ; amylase activity was expressed in maltose units per gram
fresh weight. The nitrate reductase (NR) activity was measured in the flag
leaf, after anthesis, adopting the method of Scor and Nevyra®. NR activity
was expressed in terms of nitrite (NO,) formed per hour per gram leaf-tissue.
These estimations were repeated twice under identical conditions.

Results and Discussion

Performance of SD mutants: The yield potential of eleven SD mutants,
four tall parents and two semidwarf (DGWG) checks was evaluated at four
levels of N fertilizer. The objective was to identify morphometric traits
influencing grain-yield response to increased N among SD mutants. Data
recorded on grain yield and yield components are given in Table 2. In
semidwarfs and talls, days to maturity and culm length tended to increase
with increasing dose of N f{fertilizer. In certain SD mutants, viz., Basmati
370 (SDy) and (SDs), TCA, (SD), TCA; (SD), TCAP,-5 (SD), T 141 (SD) and
YV (SD), consistent increases were observed in panicle number, panicle
length, grains/panicle and grain yield with increasing dose of N applied.
Likewise, three tall SD mutants, NZD,, NZD;; and Mahsuri (SD,), also
disclosed similar positive responses at higher levels of N. Especially three
mutants, TCAP,-5 (SD), T 141 (SD) and NZD,, (SD), exhibited N-response
patterns similar to that of IR 8. Whereas, in both SDs and talls, the grain
weight tended to decrease with increasing dose of N applied. The superior
grain yields of SDs at higher rates of N are mainly associated with their
favourable responses for number of panicles, number of grains/panicle and
panicle length. On the other hand, in tall Basmati 370 (C), TCA, T 141,
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TaBLE 2.  Grain yield and ancillary characters of SD mutants
at different levels of N fertilizer

N- Days to Culm Panicle Panicle No. of 1000 Grain Grain yield/

Mutant 1. . maturity length number/20 length  grains/ weight 20 plants

(cm) plants (cm) panicle (g) (g)
No 127 99.8 120 217 76 229 216
Bas 370 N1 131 106.5 146 245 93 21.2 261
<) N2 134 111.9 155 25.1 95 20.7 278
N3 136 113.5 136 25.6 92 20.5 224
No 126 72.3 138 199 88 22.1 242
Bas 370 N1 132 74.2 161 214 104 214 286
(SDy) N2 135 76.4 183 21.8 108 20.3 338
N3 137 79.1 160 22.3 103 20.1 275
NO 125 61.2 149 20.8 108 22.5 258
Bas 370 N1 127 65.4 178 22.3 121 22.2 321
(SDy) N2 131 67.3 192 22.8 132 21.4 368
N3 133 702 198 . 234 135 21.1 .38
No 130 59.4 126 20.1 94 23.7 231
Bas 370 N1 132 63.2 164 214 117 234 298
(SD3) N2 135 64.8 182 22.1 124 22.1 342
N3 140 66.2 193 22.6 129 21.4 367
No 117 87.4 121 184 72 23.6 226
TCA N1 121 98.2 143 19.1 88 24.2 272
© Nz 122 1027 151 20,6 97 23.1 289
N3 124 108.3 139 214 104 22.6 242
NoO 116 67.2 135 182 69 24.2 215
TCA; N1 120 69.5 160 19.3 84 23.9 263
(SD) N2 122 72.6 182 20.8 98 23.3 318
N3 122 73.8 194 21.2 102 231 334
No 120 653 128 177 66 245 209
TCA; N1 123 68.1 156 188 87 23.8 258
(SD) N2 125 70.4 174 19.6 102 22.9 298
N3 128 71.7 186 20.8 105 22.3 321
NoO 125 60.5 141 18.2 81 25.2 258
TCAP;~5 N1 128 62.6 178 194 93 24.3 356
(SD) N2 132 65.4 204 20.8 125 23.9 395
N3 134 68.3 218 21.6 128 23.1 432

NO 147  10L4 115 23.4 123 196 28
T 141 N1 151 109.2 148 24.1 168 18.8 319
(@) N2 153 114.1 154 24.8 189 18.5 342

N3 155 116.3 133 246 151 18.1 294
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Table 2. (Continued)

Culm  Panicle Panicle No. of 1000 Grain Grain yield/

Mutant E;/el E;;ﬁrg?y length number/20 length  grains/ weight 20 plants

(cm) plants (cm) panicle (g) (g)

NoO 150 60.3 138 21.8 116 18.8 243

T 141 N1 153 63.4 182 22.3 142 18.6 326
(SD) N2 155 65.3 196 231 158 18.2 381
N3 157 67.2 219 239 163 18.0 428

NO 134 72.2 121 23.6 102 25.3 261

NZDs3 N1 137 75.1 158 239 124 24.6 329
(SD) N2 142 774 176 24.2 131 23.7 394
N3 145 78.2 184 24.4 134 231 423

NO 135 73.6 129 23.5 115 26.3 269

NZDy3 N1 137 75.8 165 241 132 25.4 348
(SD) N2 143 78.2 183 24.3 141 25.1 403
N3 145 79.3 192 247 148 243 437

NO 139 94.2 126 234 135 18.6 269

Mahsuri N1 141 97.1 148 23.8 187 18.4 331
© N2 145 102.3 173 24.2 202 18.1 386
N3 147 103.1 152 24.6 201 18.2 339

NO 128 70.4 131 21.7 128 18.1 251

Mahsuri N1 132 74.8 162 22.3 176 17.8 322
(SD) N2 135 78.3 181 22.6 193 17.3 381
N3 137 80.4 194 23.2 193 17.5 392

NO 110 61.1 128 21.8 94 24.3 241

YV N1 113 63.4 164 22.6 115 241 305
(SD) N2 116 64.1 178 239 129 23.2 331
N3 117 65.7 193 23.2 143 22.7 368

NO 128 64.3 143 20.5 84 25.2 262

IR 8 N1 132 67.2 169 21.6 102 24.3 345
(sd-1) N2 135 70.4 193 22.9 122 23.7 402
N3 137 71.6 221 23.2 134 23.2 428

NO 132 66.4 131 21.3 79 25.8 253

DGWG N1 135 69.5 158 22.6 97 251 322
(sd-1) N2 138 72.2 183 235 118 24.4 384
N3 140 735 196 239 126 23.8 416

Bas=Basmati; C=Control; N0=0kg; N 1=50kg; N2=100kg; N 3=150 kg N/ha.
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TaBLE 3. Agrobotanical traits of SD mutants at different
levels of N fertilizer
Plant Lodging* Total Harvest
Mutant N-level habit index dry matter/ index
(L) plant (g) (HI)
NO Normal 3 136 27.4
Bas 370 N1 Spread 5 153 26.3
(C) N2 Spread 7 188 24,2
N3 Spread 7 192 22.6
NO Erect 1 134 41.6
Bas 370 N1 Erect 1 162 39.8
(SDy) N2 Normal 3 171 38.7
N3 Normal 5 184 38.3
NoO Erect 1 128 453
Bas 370 N1 Erect 1 146 44.2
(SDy) N2 Erect 1 165 43.1
N3 Erect 1 181 42.7
No Erect 1 112 45.2
Bas 370 N1 Erect 1 133 44.3
(SD3) N2 Erect 1 154 43.8
N3 Erect 1 175 431
No Normal 3 124 31.6
TCA N1 Normal 3 157 294
(C) N2 Spread 5 182 217
N3 Spread 7 186 26.3
No Erect 1 115 42.8
TCA, N1 Erect 1 146 40.2
(SD) N2 Erect 1 165 39.6
N3 Normal 3 173 39.4
No Erect 1 108 436
TCA; N1 Erect 1 137 41.2
(SD) N2 Erect 1 161 404
N 3 Normal 1 168 39.9
NO Erect 1 122 43.8
TCAP,-5 N1 Erect 1 161 42,9
(SD) N2 Erect 1 184 42.8
N3 Erect 1 191 41.1
NO Normal 1 133 337
T141 N1 Normal 1 168 31.3
(C) N2 Spread 3 196 28.4
N3 Spread 5 203 26.1
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Table 3. (Continued)

Mutant N-level }Ij;‘;)r:tt iI;loddeggng gl?}}axlnatter/ iI:Il?ii\;{eSt
(LD plant (g) (HI)
NoO Erect 1 116 44.7
T 141 N1 Erect 1 142 42.5
(SD) N2 Erect 1 162 42.1
N3 Erect 1 181 41.8
NO Erect 1 122 414
NZD; N1 Erect 1 164 39.2
(SD) N2 Erect 1 189 38.4
N3 Normal 3 196 37.1
No Erect 1 128 43.5
NZDy3 N1 Erect 1 168 41.2
(SD) N2 Erect 1 192 40.6
N3 Erect 1 201 40.3
No Erect 1 132 36.2
Mahsuri N1 Normal 1 161 334
(C) N2 Normal 3 183 31.3
N3 Spread 5 204 29.8
No Erect 1 123 42.6
Mahsuri N1 Erect 1 148 40.3
(SD,) N2 Erect 1 172 38.2
N3 Normal 3 181 37.1
No Erect 1 109 44.3
YV N1 Erect 1 127 439
(SD) N2 Erect 1 142 42.3
N3 Erect 1 158 41.9
NO Erect 1 126 44.6
IR 8 N1 Erect 1 146 43.7
(sd-1) N2 Erect 1 171 41.2
N3 Erect 1 189 40.4
NO Erect 1 121 43.1
DGWG N1 Erect 1 153 424
(sd-1) N2 Erect 1 172 40.8
N3 Erect 1 187 39.2

* 1=Strong; 3=Moderately strong; 5=Intermediate; 7=Weak.
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Mahsuri and Basmati 370 (SD,), the panicle number and grain yields showed
substantial decreases at the maximum dose of N used.

Observations recorded on certain agrobotanical traits of SDs and talls
are summarized in Table 3. Basmati 370 (SD;), though nonlodging at Nj,
was found susceptible to lodging (LI=3 to 5) at higher doses of N used.
Also, TCA; (SD), NZD; (SD) and Mahsuri (SD;) were prone to slight lodging
(LI=3) at the maximum dose of N applied. Whereas, Basmati 370 (SD,) and
(SDy), TCA; (SD), TCAP,-5 (SD), T 141 (SD), NZD,; (SD) and YV (SD). with
erect habit, proved lodging resistant when cultured at the highest dose of N
fertilizer. On the other hand, the amount of lodging in talls showed substantial
increases with increasing dose of N applied.

In talls and semidwarfs, the quantum of total dry matter produced per
plant increased with increments in the dose of N used. Whereas, the harvest
index (HI) showed a consistent decrease with increasing dose of N applied.
However, the decline in HI across N doses was relatively less among SD
mutants when compared to tall parents. Certain of the SD mutants, viz.,
Basmati 370 (SD;) and (SDy), TCAP,-5 (SD), T 141 (SD), YV (SD) and NZDj
(SD), showed relatively high HI (40.3 to 43.1) even at the maximum dose of
N used. Especially three mutants, TCAP,-5 (SD), T 141 (SD) and NZDy,
(SD), were found on par with IR 8 in lodging resistance, dry matter produc-
tivity and harvest index. The grain-yield superiority of semidwarfs, at higher
levels of N, is probably due to more efficient division of the biomass into
grain and straw. Path-coefficient analysis in diverse rice mutants revealed
harvest index as the major determinant of grain yield®. SD mutants
exhibiting more favourable responses for one or more yield components and
high HI should be included in crosses for developing superior semidwarfs
suitable for high fertility conditions.

Internode pattern in SD mutants: Data on the number and length of
internodes are listed in Table 4. A total of seven internodes were observed
in tall Basmati 370 (C) and T 141 (C), while their SD mutants were char-
acterized by six identifiable internodes. However, other tall lines and their
SD mutants showed an identical number of six internodes. The SD mutants
were classified into two groups based on percentage contribution of the
panicle-bearing internode (IN 1) to the main culm length. In the first group,
comprising Basmati 370 (SD,) and (SD,), TCA,; (SD) and NZD, (SD), IN1
contributed <352 to the main culm length. In the second group, consisting
of other SDs and IR 8, IN1 contributed >35% to the main culm length.

In TCAP,-5 (SD) and T 141 (SD), IN 1 alone contributed >40% to the main
culm length.
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TasLE 4. Number and length of elongated internodes (IN)
in SD mutants, their parents and IR 8

Mutant/ IN1 IN2z IN3 IN4 IN5 IN6 IN7 £Umm
Variety
(cm) (cm) (cm) (cm) (cm) (cm) (cm) (cm)

Bas 370 (C) 379 278 21.2 115 4.8 2.3 18 107.3
Bas 370 (SDy) 184 168 158 107 43 2.1 — 68.1
Bas 370 (SDy) 215 17.6 16.7 6.3 1.9 0.9 — 64.9
TCA (C) 334 276 194 9.6 43 2.1 — 96.4
TCA; (SD) 27.6 21.3 12.1 5.3 2.2 1.0 — 69.5
TCA; (SD) 219 178 148 7.4 3.8 19 — 67.6
TCAP»-5 (SD) 26.7 20.9 11.6 4.5 1.8 0.7 — 66.2
YV (SD) 263 198 132 54 2.5 11 — 68.3
NZD; (SD) 267 18.1 15.2 89 4.1 1.9 —_— 739
NZDy; (SD) 29.6 21.9 14.7 6.4 2.9 1.1 — 76.6
Mabhsuri (C) 35.9 24.9 19.7 9.9 3.6 1.8 — 95.8
Mahsuri (SDy) 289 207 169 8.8 2.9 1.2 — 79.4
T 141 (C) 36.2 27.1 19.7 134 5.9 24 1.5 106.2
T 141 (SD) 26.3 19.2 12.9 4.7 1.6 0.8 — 65.5
IR 8 (sd-1) 25.6 19.3 141 7.4 2.4 0.9 — 69.7

C=Control ; SD=Semidwarf; Bas=Basmati.

The data on percentage reduction in the length of internodes in SDs,
when compared to their tall parents or Basmati 370, are summarized in Table
5. Basmati 370 (SD,), TCA; (SD) and NZD, (SD) were characterized by
substantial reduction in the length of two top internodes, IN1 and IN 2,
while their basal internodes, IN 5 and IN 6, showed least reduction. Basmati
370 (SD,) showed marked reduction in the lengths of all internodes though
reduction is more drastic in IN5 and IN6. In T 141 (SD), TCAP,-5 (SD),
TCA; (SD), YV (SD) and NZDy; (SD), a pronounced reduction in the lengths
of three basal internodes was observed. However, TCA; (SD), NZD,; (SD)
and TCAP,-5 (SD) showed least reduction in the lengths of IN1 and IN 2.
Mahsuri (SD;) exhibited a more or less proportionate reduction in the lengths
of all internodes except IN6. Certain SD mutants, T 141 (SD), YV (SD),
TCAP;-5 (SD) and Basmati 370 (SD,), revealed internode patterns similar
to that of IR 8.

Based on the relative contribution of specific internodes to total culm
length, the SD mutants were classified into three groups : (i) Top-shortening
type — Basmati 370 (SD,), TCA; (SD) and NDZ, (SD) are characterized by
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TaBLE 5. Percentage reduction in the length of internodes
in SD mutants as compared to tall parents

SD mutants IN1 IN2 IN 3 IN4 IN5 IN6
Bas 370 (SDy) 515 39.6 255 7.0 104 87
Bas 370 (SD,) 433 36.7 21.2 45.2 60.4 60.9
TCA; (SD) 17.4 22.8 37.6 448 4838 52.4
TCA; (SD) 34.4 355 237 229 116 9.5
TCAP,-5 (SD) 20.1 24.3 40.2 53.1 58.1 66.7
YV (SD)* 30.6 28.8 37.7 53.0 479 52.2
NZD; (SD* 32.2 34.9 28.3 22.6 14.6 174
NZDy; (SD)* 21.9 21.2 307 443 39.6 52.2
Mahsuri (SDy) 19.5 16.9 14.2 111 19.4 333
T 141 (SD) 27.3 29.2 345 64.9 72.9 66.7
IR 8 (sd-1y* 32.5 30.6 335 35.7 50.0 60.9

* Compared to Basmati 370.

a marked reduction in the lengths of IN1 and IN2; (i) Base-shortening
type — T 141 (SD), TCAP,-5 (SD), TCA; (SD), YV (SD) and NZD; (SD)
exhibited drastic reduction in the lengths of basal internodes ; and (iii) Uniform
type — Mahsuri (SD,) showed proportionate reduction in the lengths of all
internodes.

The reduced height mutants were generally observed to exhibit reduction
in the length of specific internodes although decrease in the number of
internodes is not uncommon®. The present observations indicate that reduc-
tion in the height is caused by decrease in the length and/or number of
specific internodes. In cereals, straw stiffness and lodging resistance are
generally associated with decrease in the length of basal internodes and
increased length of top internodes, besides reduction in the number of
internodes®®¥. Path-coefficient analysis in divergent rice stocks revealed a
strong negative correlation (r=--0.742) between plant height and lodging
resistance®. In the present investigation, SD mutants belonging to base-
shortening class exhibited erect plant habit with high lodging resistance and
high yield potential.

Inheritance and allelism of SD mutants: The mode of inheritance and
allelism of six SD mutants and one dwarf mutant were investigated based on
F, segregation pattern. . )

The spontaneous semidwarf, YV (SD), when crossed to Basmati 370 (C),

gave an I, segregation of 3 tall : 1 semidwarf indicating monogenic inheritance
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TaBLE 6. Inheritance and allelism of YV (SD) mutant

Cross Total No. Talls Semi- Double

dwarfs dwarfs F, .
A of F; 2 X2 p-value
combination plants  (105- (71- (45- ratio
140cm) 85cm) 60 cm)

g;; (35718){C) 427 3%5 102 — 3:1 0.282  0.50-0.60
YV (SD) _ _ — —
DGWG (sd-7) 182 182 -

336(§g54)/ 204 113 79 12 9:6:1 0153  0.90-0.95
9\2,4&51‘)1)'2)/ 193 112 81 —  9:7 0249  0.60-0.70

Bas=Basmati; C=Control.

TABLE 7. Inheritance and allelism of Basmati 370 (SD) mutants

Total No. Talls Semi- Double

Cross of Fy dwarfs dwarfs Fy 12 p-value
combination plants (110 (71- (50- ratio

145cm) 85c¢m)  60cm)
Bas 370 (SDy/ . - )
Bas 370 (C) 216 166 50 3:1 0.395 0.50-0.60
IR36 (sd-1)/Bas L
370 (SDy) 295 170 107 18 9:6:1 0229  0.80-0.90
Bas 370 (SDy)/ .
cv. Bala (sd-1) 276 160 99 17 9:6:1 0.345 0.80-0.90
Bas 370 (C)/ B )
Bas 370 (Shy 34 259 82 3:1 0165  0.60-0.70
Bas 370 (SDs)/ 917 130 87 N 1180 0.20-0.30

cv. Bala (sd-1)

Bas=Basmati; SD=Semidwarf; C=Control.

of its semidwarfism (Table 6). In the cross of YV (SD)/DGWG (sd-1), the F,
progenies did not yield any tall or double-dwarf recombinants with all pro-
genies being semidwarf. Obviously, the semidwarfism of YV (SD) is governed
by a single recessive gene which is allelic to sd-1 locus. However, when YV
(SD) was crossed to two SD mutants, D 24 and D 66, induced in cv. Calrose,
it proved nonallelic to both the mutant genes, viz., sd-2 and sd-4.

Four induced SD mutants, viz., Basmati 370 (SD,) and (SD,), TCA, (SD)
and TCA; (SD), when crossed to their respective parents, exhibited monogenic
inheritance of 3 tall: 1 semidwarf in the F, progenies. In the crosses of
SD mutants/semidwarfs (DGWG), the F, hybrids were tall indicating their
nonallelism to sd-1 gene. Further, the modified dihybrid F, ratios, viz., 9
tall : 6 semidwarf: 1 double-dwarf and/or 9 tall : 7 semidwarf, clearly suggest
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TABLE 8. Inheritance and allelism of TCA (SD) mutants

Total No. Talls Semi- Double

cccfr?lsbsination };)lfarﬁzs (100- (7tli:7varfs (;S\i'arfs rzﬁ% o xe p-value
120cm) 85cm) 60cm)
TCA’ (E:S)D)/ 316 240 76 - 3:1 0152  0.60-0.70
gg%ésa){/_ 1) 356 209 130 17 9:6:1 1713 0.40-0.50
%C,%SD)/ 372 216 135 21 9:6:1 - 0581  0.70-0.80
%8%3 (SD)/ 319 244 75 — 3:1 0.377  0.50-0.60
rll%ofs ((Sgbl))/ 243 143 86 4 9:6:1 0.673  0.70-0.80
;5%‘}%1(35)1))/ 287 170 102 15 9:6:1 1229 0.50-0.60

TCA=Tilackhandan ; DGWG =Dee-Geo-Woo-Gen ; C=Control.

TasLk 9. Inheritance and allelism of TCAP,5 (SD)

Total No. Talls S&mi- Double

Cross dwarfs dwarfs F
P of F ot x2 p-value
combination plantzs (100- (71- (45- ratio
120cm) 85cm) 60 cm)
?8213(295/ sp) 412 314 98 — 3.1 0.324  0.50-0.60
TCAg (SDY 255 154 101 - 9:7 1778 0.10-0.20

TCAP,-5 (SD)

TCA =Tilakchandan ; C=Control.

that the four SD mutants are nonallelic to sd-1 locus (Tables 7 and 8).

Likewise, when TCAP,-5 (SD) was crossed to its tall parent, the F,
progeny showed a monogenic segregation of 3 tall: 1 semidwarf. The
dihybrid segregation of 9 tall: 7 semidwarf, observed in the cross TCA,
(SD)/TCAP,-5 (SD), indicates that these mutants also are nonallelic to each
other (Table 9).

An early maturing dwarf (EMD) mutant induced in cv. IR8, when
crossed to its parent, produced semidwarf F;s and showed an F, segregation
of 3 semidwarf: 1 dwarf indicating a monogenic difference between them.
In the cross between IR 8 (EMD)/Basmati 370 (C), the F, hybrids were tall ;
in the F, generation, 9 tall: 6 semidwarf: 1 double-dwarf were observed
(Table 10). The segregation pattern amply suggests that the EMD mutant is
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TaABLE 10. Inheritance and allelism of IR 8 (EMD)
dwarf mutant

Total No. Talls Semi- Double

Cross dwarfs dwarfs F

. of F 2 22 p-value
combination plantzs (110 (71- (50~ ratio

145¢m) 85cm) 65cm)

IR8 (EMD)/ _ . g
IR 8 (sd-2) 259 196 63 3:1 0.063 0.80-0.90
IR8 (EMD)/ 6. .
Bas 370 (C) 561 320 209 32 9:6:1 0.339 0.80-0.90

EMD=Early maturing dwarf; C=Control ; Bas=Basmati.

a double-dwarf comprising two nonallelic SD genes, namely, sd-1 and a
mutant SD gene. These SD genes probably act in an additive and/or
cumulative fashion to cause further reduction in the height of EMD mutant,

The five nonallelic SD mutants, induced in indica background, seem

promising as parents in cross-breeding and as alternative gene sources to
guard against possible genetic vulnerability caused by the use of single sd-1
gene.
Physiological characterization of SD mutants: The data recorded on four
physiological parameters are given in Table 11. The SD mutants, when
compared to tall lines, showed increased seedling fresh and dry weights.
Especially five mutants, viz., Basmati 370 (SD,), TCAP,-5 (SD), T 141 (SD),
NZD; (SD) and NZD,; (SD), exhibited high fresh and dry weights comparable
to that of IR 8. Likewise, most of the SD mutants, with superior grain-yield
potential, surpassed tall parents in their chlorophyll content. Four SD
mutants, TCAP.-5 (SD), T 141 (SD), NZD;; (SD) and YV (SD), were found
on par with or superior to IR8 in their chlorophyll content. Also the
various SDs, when compared to talls, disclosed marked increases in their
beta-amylase activity. The maximal values for amylase activity were noted
in Basmati 370 (SD,), TCAP,-5 (SD), NZD;; (SD) and IR 8. These observa-
tions hold promise for early selection of productive semidwarfs in the segregat-
ing progenies by screening them for these parameters.

Nitrate reductase (NR) is the first enzyme involved in the metabolism
of nitrates in higher plants”. In crop plants, NR catalyzes the reduction
of nitrates to nitrites which is a rate-limiting step in the utilization of ni-
trates®. Genotypes exhibiting higher levels of NR activity possess increased
potential for accumulating reduced N, resulting in increased grain and grain-
protein yields®®, In the present study, the various SD mutants, in general,
showed enhanced NR activity when compared to tall parents (Table 11). In
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TaBLe 11.  Physiological characteristics of SD mutants

T
Fresh Dry ‘a’ ‘b’ Pr{l\z;\}’;ose/g (‘Lli%/é\]%%/v)
Bas 370 (C) 49.7 4.6 0.81 0.36 66.1 5.0
Bas 370 (SDy) 524 5.8 0.96 0.40 76.3 6.5
Bas 370 (SDy) 53.2 6.4 1.20 0.49 101.2 145
Bas 370 (SDs) 63.3 7.9 1.03 0.43 98.4 125
TCA (C) 55.1 5.2 0.97 0.36 62.7 10.0
TCA, (SD) 59.3 5.6 1.35 0.63 98.4 14.5
TCAj3 (SD) 61.8 55 1.05 0.56 100.2 12.0
TCAP,-5 (SD) 69.8 7.2 1.71 0.69 103.8 25.0
T 141 (C) 46.2 4.6 0.98 0.57 91.3 135
T 141 (SD) 69.2 7.4 1.76 0.63 100.6 225
NZDjs (SD) 715 8.2 1.25 0.68 97.2 —
NZDy; (SD) 74.7 8.7 1.82 0.64 102.3 26.5
Mahsuri (C) 56.2 5.7 0.99 0.48 89.6 14.0
Mahsuri (SDa) 58.6 6.1 1.39 0.61 92.2 175
YV (SD) 62.8 73 1.81 0.67 96.1 —
IR 8 (5d-7) 69.4 73 172 0.62 101.8 245
DGWG (sd-1) 64.7 7.2 1.59 0.55 92.9 —

NR =Nitrate reductase activity ; FW =Seedling fresh weight.

three productive semidwarfs, NZD,; (SD), TCAP,-5 (SD) and T 141 (SD),
the level of NR activity was almost similar to that of IR8. Hence, NR
activity may be used as an additional parameter in identifying superior
genotypes. The tall semidwarf, NZD,, (SD), with high chlorophyll content,
high beta-amylase and NR activity, appears promising as a donor-source for
high physiological efficiency.

An overview of the results indicates the possibility of inducing alternative
SD mutants endowed with superior agronomic features and high physiological
efficiency.

Summary

The present report deals with the performance of diverse SD mutants
at four N levels, allelism of certain SD mutants and their physiological
characterization. Data recorded on grain yield and yield components, lodging
index, total dry matter and harvest index indicate that SD mutants surpass
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tall parents in their response to increased levels of N applied. Especially
three SD mutants, TCAP,-5 (SD), T 141 (SD) and NZD,,; (SD), exhibited
N-response patterns, for various characters, similar to that of IR 8. Obser-
vations on internode length indicate that superior SD mutants tend to exhibit
base-shortening type of internode pattern.

Four SD mutants, viz., Basmati 370 (SD,) and (SDj), TCA, (SD), TCA,
(SD), and an early maturing dwarf (EMD) mutant induced in IR 8, proved
to be nonallelic to sd~1 gene. Hence, these mutants may be utilized as
alternative gene sources to guard against genetic vulnerability.

Most of the SD mutants with superior grain-yield potential exceeded tall
parents in their chlorophyll content, beta-amylase and nitrate reductase (NR)
activity besides seedling fresh and dry weights. In three productive SD
mutants, NZD,s (SD), TCAP,-5 (SD) and T 141 (SD), the level of NR activity
was almost similar to that of IR 8. Thus, NR and beta-amylase activity may
be used as additional criteria while screening for superior semidwarfs.
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