








Fig. 2. Differences in root distribution between wild- and mutant-type plants and proportion of
root distribution by root growth angle at 35 days after sowing. Root growth angle regions
are 0-30° (blue shaded), 30-60° (red shaded) and 60—90° (green shaded).

Fig. 3. Rainfall (a) and soil water potential at 20 cm (b) depth in the AWD paddy field in 2015-2016.
W and M indicate heading time of WABS56-104 and T6-16 mutant respectively, under AWD condi-
tions; H indicate harvesting time.
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Table 1. Performance of agronomic characteristics in F, population and their parental varieties grown under AWD and CWL

conditions
Parents F, population
WABS56-104 T6-16 mutant wild-type mutant-type
Trait CWL AWD CWL AWD CWL AWD CWL AWD
Heading time (DAT) 580 580 (0d)ns 75.0 90.0 (15d) ***  62.0 66.0 (4d) ns 68.0 79.0 (11d)*
Spikelet fertility (%) 90.4  87.1 (96.4%) ** 75.6  44.5 (58.9%) ***  40.6 38.6 (95.1%) ns 40.4  36.0 (89.1%) ns
Panicle number 13.1 11.5 (87.8%) ns 19.8  11.5 (58.1%) ***  17.3  20.2 (116.8%) ns 15.0  16.0(106.7%) ns

1542 108.3 (70.2%) ***  78.1
29.2 (62.7%) ** 31.0

36.9 (47.2%) ***  99.1
5.1(16.5%) *** 164

96.7 (97.6%)ns 817
16.5(100.6%) ns ~ 14.4

73.9 (90.5%) ns
134 (93.1%) ns

Spikelet number per panicle

Grain weight (g/plant) 46.6

*P<0.05, **P <0.01, *** P<0.001. ns, not significant.

Values in parenthesis indicate heading delay in days (d) or percent proportion (%) of the trait in AWD relative to that under CWL.

AWD, Alternate wetting and drying; CWL, Continously waterlogged.

the CWL practice (Table 1; Fig. 4c). Spikelet fertility of
mutant-type F, plants ranged from 2.1 to 81.1% (a mean of
36%) under the AWD practice (Table 1; Fig. 4d) compared
to 1.3 to 90.6% (a mean of 40.4%) under CWL practice
(Table 1; Fig. 4d). WABS56-104 maintained 96.3% of its
spikelet fertility under AWD practice, whereas that of the
T6-16 mutant was greatly reduced (i.e., by 41.2%) (Table
1). For F, plants, the wild-type plants maintained 95.1%
of their spikelet fertility whereas the mutant-type plants
maintained 89.1% of their spikelet fertility (Table 1).
However, the mean spikelet fertility in the F, population
was low (< 50%) under both water management practices,
suggesting that there were other causes of F, sterility, such
as male sterility.

Panicle number: WAB56-104 and the T6-16 mutant
produced almost the same number of panicles under the
AWD practice (Table 1). Under the CWL practice, panicle
numbers of WAB56-104 and T6-16 mutant were 13.1 and
19.8, respectively (Table 1). Panicle numbers of wild-type
F, plants ranged from 7 to 35 (a mean of 20.2) under the
AWD practice (Table 1; Fig. 4e), compared to 4 to 30 (a
mean of 17.3) under the CWL practice (Table 1; Fig. 4f).
Panicle numbers of mutant-type F, plants ranged from 7 to
30, with a mean of 16, under the AWD practice (Table 1;
Fig. 4e), compared to 8 to 23, with a mean of 15, under the
CWL practice (Table 1; Fig. 4f). WAB56-104 maintained
87.8% of its panicle numbers under the AWD practice,
whereas in the mutant the number of panicles greatly
reduced (i.e., by 41.9%) under the same practice (Table
1). For the F, plants, the panicle numbers of both wild-
type and mutant-type plants were not affected by moderate
water stress.

Spikelet numbers per panicle: Spikelet numbers per
panicle of WAB56-104 and T6-16 mutant were 108.3 and
36.9, respectively, under the AWD practice. Under the
CWL practice, spikelet numbers per panicle of WABS56-

104 and T6-16 mutant were 154.2 and 78.1, respectively
(Table 1). Spikelet numbers per panicle of wild-type F,
plants ranged from 25.2 to 178.4, with a mean of 96.7,
under the AWD practice (Table 1; Fig. 4g) compared to
30.7 to 183.1, with a mean of 99.1, under the CWL prac-
tice (Table 1; Fig. 4g). Spikelet numbers per panicle of
mutant-type F, plants ranged from 29.5 to 134.2, with a
mean of 73.9, under the AWD practice (Table 1; Fig. 4h)
compared to 45.2 to 133.1, with a mean of 81.7, under the
CWL practice (Table 1; Fig. 4h). Under the AWD practice,
WABS56-104 maintained 70.2% of its spikelet numbers per
panicle, whereas the T6-16 mutant had a reduced number
(i.e., 52.8%) (Table 1). For the F, plants, wild-type plants
maintained 97.6% of their spikelet numbers per panicle
whereas the mutant-type plants maintained 90.5% of their
spikelet numbers per panicle (Table 1).

Grain weights: Grain weight of WAB56-104 and T6-16
mutant was 29.2 g/plant and 5.1 g/plant, respectively,
under the AWD practice. Under the CWL practice, grain
weight of WAB56-104 and T6-16 mutant was 46.6 g/plant
and 31 g/plant, respectively (Table 1). Grain weight of
wild-type F, plants ranged from 0.7 to 35.4 g/plant, with
a mean of 16.5 g/plant, under the AWD practice (Table 1;
Fig. 4i), compared to 0.1 to 41.2 g/plant, with a mean of
16.4 g/plant, under the CWL practice (Table 1; Fig. 41).
Grain weight of mutant-type F, plants ranged from 0.4 to
43.5 g/plant, with a mean of 13.4 g/plant, under the AWD
practice (Table 1; Fig. 4j), compared to 0.1 to 50.6 g/plant,
with a mean of 14.4 g/plant, under the CWL practice
(Table 1; Fig. 4j). Under the AWD practice, WAB56-104
maintained 62.7% of its grain weight, whereas the grain
weight of T6-16 mutant was greatly reduced, by 83.5%
(Table 1). For the F, plants, wild-type plants were not af-
fected by the AWD practice whereas mutant-type plants
maintained 93.1% of their grain weights (Table 1) under
the same treatment.
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Fig. 4. Distribution of heading time (a, b), spikelet fertility (c, d), panicle number (e, ), spikelet numbers per panicle
(g, h) and grain weights (i, j) in F, population under AWD and CWL conditions. Closed squares indicate
Wild-type F, plants and stripped squares indicate mutant-type F, plants.
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Table 2. Trait mean values in selected mutant-type F, plants

Heading time

Spikelet fertility

Spikelet number Grain weight

F2 plants Water treatment (DAT) (%) Panicle number per panicle (g/plant)

1 CWL 75.0 72.1 17.0 133.1 36.8
AWD 86.0 61.2 (85%) 19.0 (112%) 134.2 (101%) 35.0 (95%)
Difference 11.0 15.0 -2.0 -1.2 1.8

2 CWL 71.0 66.9 10.0 103.4 21.0
AWD 82.0 68.5 (102%) 23.0 (230%) 98.5 (95%) 43.5 (207%)
Difference 11.0 2.4 -13.0 49 -22.5

3 CWL 73.0 70.0 15.0 54.1 20.8
AWD 90.0 62.9 (90%) 30.0 (200%) 61.4 (113%) 39.9 (192%)
Difference 17.0 10.0 -15.0 -7.3 -19.1

Negative value indicate not affected by moderate water stress.

Values in parenthesis indicate percent proportion of the trait in AWD relative to that under CWL.

Agronomic performance of selected F, plants

Three F, plants that showed good agronomic perfor-
mance, in terms of delayed heading time and maintenance
of spikelet fertility, panicle numbers, spikelet number per
panicle, and grain weights, under water stress were identi-
fied (Table 2). Heading time delayed by 11-17 days. The
F, lines maintained 85% or more of their spikelet fertility.
Their panicle numbers were not affected by moderate wa-
ter stress. Similarly, the spikelet number per panicle was
almost maintained under moderate water stress (relative
to continuously waterlogged conditions). The three F,
lines also maintained 95% or higher grain weight under
moderate water stress. However, two of the three F, plants
produced 2-fold higher grain weight, which was attributed
to the production of high number of panicles under moder-
ate water stress (Table 2).

Discussion

Flowering in rice is delayed under environmental
stresses, such as under drought stress imposed at different
developmental stages ® 142D, In this study, we demonstrat-
ed the effectiveness of a mutation gene in causing delay
in heading time of rice under moderate water stress. Past
studies have reported the genes and pathways involved in
the control of flowering in rice based on the photoperiodic
response?>2?). Under floral inductive period, exposure to
drought delays flowering through reduction in transcrip-
tion of primary integrators of day length signals which
include EARLY HEADING DATE 1 (Ehdl), HEADING
DATE 1 (Hdl), Hd3a and RICE FLOWERING LOCUS T 1
(REFTI).

The parental cultivar of the mutant line (T6-16), Taic-
hung 65, contains non-functional alleles of both Hdl and
Ehdl, and flowers relatively late regardless of the natural
photoperiod®®. In this study, the variation of delayed

heading time among the mutant-type F, plants was very
wide under the AWD practice (4-18 days), indicating that
a set of genes regulating heading time was very different
between the T6-16 mutant and WAB56-104. Therefore,
there is potential to identify optimal lines for the mutation
gene’s effect by selecting genotypes that have effective
genetic basis for delayed heading time. Indeed, heading
time of the three F, plants was delayed by 11-17 days, and
their spikelet fertility and grain weight were minimally or
not affected by moderate water stress. These three plants
have been selected as potential genotypes to be improved
and further tested for use as a strategy for cold stress
adaptation to reduce yield losses. Work is underway to
evaluate the selected plants’ descendants (F, lines) during
the long-rains season (in June and July) when a cold spell
is likely to be experienced.

In this study, AWD was applied from 14 DAT as recom-
mended by other researchers®). However, the first cycle
of drying was reached late in the vegetative stage of the
F, plants (at 58 DAT) due to the frequent rainfall during
the 2015/16 short-rains season in Mwea, Kenya. Water
stress imposed at this stage resulted in heading delay by
a mean of 11 days in mutant-type F, plants. We speculate
that cumulative moderate water stress from early stages
of plant growth may result to a more prolonged delay in
heading of rice with minimal yield losses. As such, there is
need to evaluate the effect of cumulative water stress from
early vegetative stage to maturity. In addition, there is need
to assess the effect of moderate water stress imposed at
specific growth stages on heading delay and yield per-
formance using the advanced generations produced from
this cross of mutant-type rice. This information would be
helpful for determining the best timing of water manage-
ment practices as a cold stress adaptation strategy based on
weather forecasts.
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