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Abstract

Protocols were established for screening rice genotypes for tolerance to water-limited conditions
under field conditions. These protocols were successfully used to select the best genotypes for further
experiments. Rice genotypes responded differently when subjected to water-limited conditions.
Experiments conducted under field conditions indicated that rice genotypes Curinga and CT6241
performed much better in terms of grain yield under water-limited conditions than varieties Azucena,
Nerica, CICA8 and Palmar. Curinga, CT6241, CICA8 and Palmar were selected for further studies. The
first two genotypes are tolerant and whereas the last two are susceptible to water stress.
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Resumen

Se establecid un protocolo para la seleccién de genotipos de arroz tolerantes a déficit hidrico bajo condiciones
de campo. El protocolo desarrollado permitié la separacién de los genotipos evaluados por su tolerancia a
estrés hidrico, los cuales respondieron en forma diferente. En condiciones limitantes de agua, los genotipos
Curinga y CT6241 presentaron mejor comportamiento en términos de rendimiento que las variedades Azucena,
CICAS, Nerica y Palmar. Curinga, CT6241, CICA8 y Palmar fueron seleccionados para estudios futuros. Los
dos primeros como genotipos tolerantes y los dos Gltimos como susceptibles al estrés hidrico.

Palabras clave: Arroz, oryza, sequia, rendimiento, componentes de rendimiento
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Introduction

Water deficit, more commonly referred to as
‘drought’, has been, and continues to be the
most limiting factor affecting food production,
especially in areas with inadequate agricul-
ture water resources (Pantuwan et al., 2002;
Lanceras et al., 2004; Yue et al., 2005; Xiao
et al., 2008). Therefore, with the global shor-
tage of water, reducing water consumption in
crop production is recognized as an essential
strategy for sustainable agriculture (Xiao et
al., 2008).

Rice (Oryza sativa) is one of the world’s
most important staple foods. Rice grain yield
and yield components have been known to be
highly influenced by water supply. There are
numerous studies about drought tolerance
in rice. Use of yield as an index for adapta-
tion to drought stress in rice (Garrity and
O’Toole 1994; Atlin 2001) may be considered
as a reasonable approach, as grain yield is
a major attribute of interest in most plant
breeding programs (Pantuwan et al., 2004).
However, drought tolerance is a complex trait
that involves various aspects of developmen-
tal, physiological, biochemical, and molecular
adjustments. The objective of this study was
to establish drought-screening protocols for
rice under field conditions.

Materials and methods

Six rice genotypes were used in this study
(Table 1). The irrigated varieties CICA8 and
Palmar (Indica type), and the upland line
CT6241 (Japonica type) are three genotypes
developed for Latin America. An upland Neri-
cavariety generated by the Africa Rice Center
(WARDA), Curinga (CT11251-7-2-M-M-BR1), a
Brazilian commercial variety originated from
CIAT in 2003 (Annual Report of IP-4 Project at

CIAT, 2003) and Azucena (a Japonica rice of
Philippine origin) were pre-selected as droug-
ht tolerant genotypes. All rice genotypes were
tested under well-irrigated and drought stress
conditions, respectively.

Field experiments were conducted be-
tween August 2006 and January 2007 at
the rice farm of the International Center for
Tropical Agriculture (CIAT) (03" 29’ 43.2”N,
76° 21’ 12.5”W, 995 m. a. s. n.) located in
Palmira, Valle del Cauca, Colombia. The
soil was slightly alkaline, low iron, clayey
and classified as Typic Pellustert. Details of
the soil physical and chemical properties are
shown in Table 2.

Table 2. Soil properties for field experiments.

Property Value
pH (1:1 water) 7.90
Organic matter (%) 2.52
Total N (%) 0.13
P-Brayll (mg/kg) 51.97
K (cmol/kg) 2.37
Zn (mg/kg) 5.93
Mn (mg/kg) 55.32
Fe (mg/kg) 0.81

Fifteen 23-days old seedlings per geno-
type were transplanted into three-row plots,
with a distance of 25 cm between plants, and
40 cm between rows. Rice seedlings recovered
from the transplanting shock approximately
two weeks after transplanting (Figure 1-a).
Field experiments were carried out following
a randomized complete block design with
three replications. Each experimental block
was separated by a distance of 45 m from
the neighboring block. A well-irrigated block
(experiment 1) received standard irrigation
practices served as the control treatment; and
a water-limited block (experiment 2) simu-
lated drought stress using a rain-out shelter
with minimum irrigation. Total size of the

Table 1. Background information rice genotypes used in field experiments.

Common name Pedigree Group Origin Cultivation History
Palmar P2231-F4-138-6-2-1 Indica Venezuela Lowland Improved
CICAS8 P918-25-1-4-2-3-18-1131-1 Indica Colombia Lowland Improved
CT6241 CT 6241-17-1-5-1 Japonica CIAT Upland Improved
Curinga CT-11251-7-2-M-M-BR1 Tropical CIAT Upland Improved
Japonica

Nerica Nerica WAB-788-54-1-1-2-HB Japonica Africa Upland Improved
Azucena Traditional Landrace Japonica Philippines Upland Traditional
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experiments was 63 m? for experiment 1 and
200 m? for experiment 2, respectively. Each
experimental block was covered with nets
to avoid damage and seed dissemination by
birds. Two individual experiments were well
irrigated after plowing and harrowing for a
month until transplanting in order to increase
the availability of iron and other nutritional
components in the soil. Additionally, a basic
fertilization was applied. Its composition (per
10000 m?) was as follows: 280 kg of urea;
240 kg mono-ammonium phosphate; 15 kg
zinc sulfate, 110 kg potassium chloride; and
35 kg of microelements.

Experiment 1 was surface-irrigated and
kept under irrigated and normal optimum
cultivation conditions. Experiment 2 created
an artificial drought stress condition by stop-
ping irrigation 26 days after transplanting,
draining off the water and keeping off rainfall
using the rain-out shelter. Furthermore, in
order to prevent water movement from outside
the experimental block, a transparent vinyl
sheet was placed 60 cm deep into the soil

(Figure 1-b). Water conditions in experiment
2 were as follows: the block was irrigated 2 -
3 times (approximately 420 1t water irrigation
for 57.8 m2) per week providing the plants a
minimum amount of water with sprinklers,
starting at the vegetative stage of growth.
These water conditions were maintained until
one week before harvest (Figure 1-¢).

Data collected from these experiments
included yield, yield components, dry matter,
flowering date, and plant height using three
plants located at the center of each plot to
avoid a border effect on experiments 1 and 2,
respectively. Flowering dates were determined
visually by measuring three plants that were
selected at random and when these had 50%
visible panicles. Plant height and panicle
number were measured at about dough stage.
These plants were harvested from each plot,
and dried at 50 °C to determine total dry
matter. The percentage of filled grains was
calculated by counting filled and unfilled
grains for each of the sampled panicles from
harvested plants; grains were dried in a hot

Figure 1. Details of field experiments (protocol). a. Rice seedlings recovered from the transplanting shock (29 days after transplant).
Fifteen seedlings were planted into three-row plots, 25 cm between plants/ rows, and 40 cm between rows; b. Transparent
vinyl sheet was placed 60 cm deep into the soil in experiment 2; e¢. Block of experiment 1; d. The rain-out shelter to
keep off rainfall; e and f. Block of experiment 2.
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air oven at 50 °C for 7 days, and 1000 grain
weight was calculated from the dry weight of
filled grains divided by the total number of
grains (filled +unfilled grains), then multi-
plied 1000 times.

Analysis of variance (Anova) based on
two treatments combination model, where
each treatment followed a randomized com-
plete block design, was carried out. The
subsequent multiple comparisons among
the means of treatments, genotypes and
treatments by genotype interactions were
examined based on the Ryan-Einot-Gabriel-
Welsch multiple range tests (Ryan’s multiple
range tests). All statistical analyses were
performed using SAS software (SAS Institute
Inc. 2004, SAS/STAT®, 9.1).

Results and discussion

Palmira is classified as a subtropical climate
with 900 - 1000 mm precipitation per year.
The difference between the maximum and
minimum temperature ranged from 12 °C
at the beginning of field experiments to less
than 8 °C by the time of flowering (Figure 1).
The amount of weekly total rainfall was high
and well distributed during the reproductive
stage, but rainfall declined by the time of crop
maturity (Figure 2).

Water treatments had significant effect
on all plant traits except on dry matter and
panicle number per plant; genotypes per-
formed differently in terms of plant traits
(Table 3).

No significant difference was observed for
panicle number due to water treatments, but
there were genotypic differences (Table 4).

Water treatments affected productive
panicle number, and significant differences
were observed among genotypes. However,
Ryan’s multiple range tests did not detect
significant statistical differences of their
interactions for productive panicle number
(Table 8).

Of all the traits, tiller number per plant
and flowering date behaved differently com-
pared to other traits in their responses to
water treatments (Figure 3). Particularly,
tiller number of CICA8 and Palmar under
water-limited conditions was higher than
under normal irrigated conditions; however,
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Figure 2. Environmental conditions and time lines of field
experiments.

these differences were not significant. Simi-
larly, flowering time was significantly delayed
in the case of Azucena, CICAS8, and Palmar.
These findings suggest that these genotypes
have a strong dependence response to water
supply.

These results probably indicate that
a large tiller number was associated with
panicle production among rice genotypes, and
that genotypes respond differently to water
treatments. CICA8 and Palmar (which were
developed for well-irrigated conditions) had
more non-productive panicles than produc-
tive panicles under water-limited conditions.
Curinga showed a high percentage of produc-
tive tillers than other tested genotypes under
water-limited conditions (data not shown).

Significant differences were observed
due to the different water treatments and/or
among evaluated rice genotypes for both
panicle length and panicle weight. However,
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Table 3. Significance for source of variations in measured traits at field experiments.

Trait Source of variations
Water Genotype Water
treatment treatment*Genotype

Dry matter ns ns ns

Panicle number per plant ns * ns

Panicle weight o ns ns

Weight of filled grains o ns ns

Yield per plant o ns ns

Productive panicle number per plant * * ns

Number of spikelets per plant wx * ns

Thousand kernel weight o o ns

Filled grains per plant o ns *

Tiller number per plant o *x *

Panicle length *x *x *

Flowering date wx *x wx

Plant height wx *x *x

Percentage of filled grains per plant i i o

*: Significant at 0.05< P < 0.01; **: Significant at P < 0.01; ns: No significant at P>0.05.
Table 4. Panicle number per plant of six-rice genotypes at field experiments.
Genotypes Water treatment

Well-irrigated Water-limited Global
MeantS.E. Variance Ccv MeantS.E. Variance CV MeantS:E: Variance CcVv

Azucena 10.22+0.94 2.70 16.09 8.22+0.22 0.15 4.68 9.22+0.62b 2.34 16.59
CICAS8 19.00+3.05 28.00 27.85 12.89+0.80 1.93 10.77 15.94+1.96ab  23.17 30.19
CT6241 15.94+1.94 11.34 21.12 11.22+1.63 8.04 25.26 13.58+1.55ab 14.44 27.98
Curinga 15.11+1.86 10.48 21.42 14.89+1.71 8.79 19.91 15.00+1.13a 7.72 18.53
NERICA 11.28+0.89 2.40 13.73 8.39+0.69 1.45 14.37 9.83+0.82b  4.04 20.45
Palmar 14.17+£2.26 15.36 27.67 13.11+1.55 7.29 20.59 13.64+1.25ab 9.39 22.47
Global 14.29+0.98 17.31 29.12 11.45+0.73 9.69 27.18 - - -

Means within Global column followed by same letter are not different significant differences at 0.01 < P, as determined by

Ryan’s multiple range tests.

plant genotype by water treatment interaction
was significant for panicle length only (Figure
3 and Table 5). Panicle weight of all tested
genotypes under normal irrigation condition
was heavier than those grown under water-
limited conditions. CICAS8 and Palmar were
highly affected by the effect of water treat-
ments. Significant differences in the weight
of filled grains were observed due to water
treatments (Table 6).

No significant differences were observed
for yield and yield components (number of
spikelets, percentage of filled grains and thou-
sand-kernel weights) between rice genotypes
and water treatments interaction, except for
percentage of filled grains (Figure 3; Tables 7,
9 and 10). Water treatments highly affected
the number of spikelets. Curinga had more
spikelets under the drought stress treat-
ment compared with other genotypes (Table
9). There were differences in the number of
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spikelets between the six genotypes studied.
All tested rice genotypes produced more filled
grains and higher percentage of filled grains
under normal irrigated conditions. The effect
of water treatments shown for these two traits
was particularly clear in CICA8 and Palmar
(Figure 3). No significant differences were
observed in Curinga for neither filled grain
number nor for percentage of filled grains due
to water treatments.

There were differences in thousand-
kernel weights due to genotypes and water
treatments (Table 10); however there were no
significant differences for their interaction.
Significant differences were observed for
thousand-kernel weight in CICA8 and Palmar.
This finding suggests that thousand-kernel
weight is less affected by water treatments
compared to other yield components (Table
10). To summarize our findings it can be
said that water treatments affected yield
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Table 5. Panicle weights of six-rice genotypes at field experiments.

Genotypes Water Treatment
Well-irrigated (a) Water-limited (b) Global
MeantS.E. Variance Ccv MeantS.E. Variance Cv MeantS.E. Variance CV
Azucena 37.49£3.31 33.01 15.32 10.04+1.52 6.95 26.25 23.77%6.35 242.03 65.45
CICAS8 45.01£8.26 204.70 31.79 5.74+0.84 2.13 25.40 25.38+9.53 545.29 92.02
CT6241 40.09%4.40 58.32 19.05 17.32+4.17 52.34 41.77 28.71£5.77 199.84 49.24
Curinga 40.61£3.86 44.71 16.47 21.87+1.80 9.76 14.29 31.24%4.60 127.18 36.10
Nerica 30.36%2.62 20.59 14.95 9.86+2.26 15.33 39.70 20.11+4.83 140.37 58.92
Palmar 35.18+6.77 137.74 33.36 8.81+1.75 9.19 34.40 21.99+6.67 267.33 74.34
Global 38.12+2.12 81.11 23.62 12.28+1.55 43.54 53.75 - - -
Different letters in the table denote significant differences at 0.01<P, as determined by Ryan’s multiple range tests.
Table 6. Weight of filled grains of six-rice genotypes at field experiments.
Genotypes Water treatment
Well-irrigated (a) Water-limited (b) Global
MeantS.E. Variance CV MeantS.E. Variance CVv MeantS.E. Variance CVv
Azucena 35.31+£3.79 43.28 18.63 7.60%£1.32 5.24 30.14 21.45%6.45 249.78 73.68
CICAS8 40.51+£7.30 160.24  31.24 3.55+0.47 0.68 23.21 22.03+8.89 474.38  98.87
CT6241 36.74+4.20 53.03 19.82 14.85+3.74 41.97 43.62 25.80+5.50 181.71 52.25
Curinga 35.19£1.96 11.80 9.76 19.35+¢1.91 11.03 17.16 27.27+£3.75 84.42 33.69
Nerica 27.68%2.19 14.47 13.74 8.33+2.33 16.29 48.45 18.00+4.55 124.57  62.00
Palmar 31.54%6.69 134.33 36.75 5.59+1.37 5.65 42.52 18.56+6.55 257.93 86.52
Global 34.49+1.91 66.32 23.61 9.88+1.51 41.38 65.12 - - -
Different letters in the table denote significant differences at 0.01<P, as determined by Ryan’s multiple range tests.
Table 7. Yield per plant (g) of six rice genotypes at field experiments.
Genotypes Water treatment
Well-irrigated (a) Water-limited (b) Global
MeantS.E. Variance Ccv MeantS.E. Variance Ccv MeantS.E. Variance CV
Azucena 35.31£3.79 43.28 18.63 7.60£1.32 5.24 30.14 21.45£6.45 249.78 73.68
CICAS8 40.51£7.30 160.24  31.24 3.55+0.47 0.68 23.21 22.03£8.89 474.38 98.87
CT6241 36.74+4.20 53.03 19.82 14.85+3.74 41.97 43.62 25.80+5.50 181.71 52.25
Curinga 35.19£1.98 11.80 9.76 19.35+1.91 11.03 17.16 27.27£3.75 84.42  33.69
Nerica 27.68%2.19 14.47 13.74 8.33+2.33 16.29 48.45 18.00+4.55 124.57 62.00
Palmar 31.54+6.69 134.33  36.75 5.59+1.37 5.65 42.52 18.561£6.55  257.93 86.52
Global 34.49+1.91 66.32 23.61 9.88+1.51 41.38 65.12 - - -
Different letters in the table denote significant differences at 0.01<P, as determined by Ryan’s multiple range tests.
Table 8. Productive panicle number per plant of six-rice genotypes at field experiments.
Genotypes Water treatment
Well-irrigated (a) Water-limited (b) Global
Meant+S.E. Variance CV Mean+S.E. Variance Cv MeantS.E. Variance Cv
Azucena 10.11+0.88 2.37 15.23 5.94+0.47 0.68 13.83 8.03+1.03a 6.43 31.58
CICAS8 16.39+3.20 30.79 33.86 9.06%0.72 1.56 13.81 12.72+2.20a 29.07 42.38
CT6241 14.83+1.74 9.08 20.32 8.61+1.69 8.62 34.10 11.72+1.76a 18.70 36.89
Curinga 12.78+0.80 1.93 10.86 11.28+0.72 1.56 11.09 12.03+0.58a 2.07 11.97
Nerica 11.00+1.00 3.00 15.75 6.2210.40 0.48 11.15 8.61%1.17a 8.24 33.34
Palmar 13.89+2.11 13.37 26.33 9.67+2.52 19.08 45.19 11.78%1.74a 18.33 36.35
Global 13.17+0.81 12.04 26.35 8.46+0.64 7.49 32.34 - - -

Different letters in the table denote significant differences at 0.01<P, as determined by Ryan’s multiple range tests.
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Table 9. Number of spikelets per plant of six-rice genotypes at field experiments.
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Genotypes Water Treatment
Well-irrigated (a) Water-limited (b) Global

MeantS.E. Variance CV Meant+S.E. Variance Cv MeantS.E. Variance Cv
Azucena 1256.90+£151.37 68739.8 20.86 581.44+116.43 40671.6 34.68 919.19+173.51a 180654.6 46.24
CICAS8 2402.30+525.92 829787.1 37.92 655.39+115.19 39806.8 30.44 1528.90+458.87a 1263382.0 73.52
CT6241 1804.70+244.64 179547.1 23.48 974.00+164.66 81343.4 29.28 1389.40+227.81a 311386.0 40.16
Curinga 1428.90+47.53 6777.5 5.76 1109.10+£93.26 26094.0 14.57 1269.00+85.48a 43847.3 16.50
Nerica 1324.90+£126.95 48354.7 16.60 525.39496.61 29174.3 32.51 925.14+192.68a 222771.7 51.02
Palmar 1792.20+317.88 303144.2 30.72 818.17£115.84 40261.1 24.52 1305.20+265.19a 421964.9 49.77
Global 1668.30£135.57 330840.3 34.48 777.24t65.57 77412.6 35.80 - - -
Different letters in the table denote significant differences at 0.01<P, as determined by Ryan’s multiple range tests.
Table 10. Thousand-kernel weight of six-rice genotype at field experiments.

Genotypes Water Treatment
Well-irrigated (a) Water-limited (b) Global

MeantS.E. Variance Cv MeantS.E. Variance Cv MeantS.E. Variance Cv
Azucena 30.17+0.65 1.30 3.77 23.24+0.65 1.28 4.86 26.70+1.60a 15.46 14.72
CICAS8 22.98+1.34 5.43 10.14 16.26+0.87 2.31 9.35 19.62+1.66b 16.67 20.81
CT6241 25.36+0.40 0.50 2.79 23.21+0.53 0.86 3.99 24.28+0.56a 1.93 5.73
Curinga 27.42+1.34 5.42 8.49 22.09+0.49 0.73 3.88 24.76+1.35a 11.01 13.40
Nerica 26.62+1.14 3.93 7.45 23.72+0.54 0.89 3.98 25.17+0.86a 4.46 8.39
Palmar 21.11+0.74 1.66 6.10 18.01+£1.97 11.66 18.96 19.56+1.17b 8.22 14.66
Global 25.61+0.79 11.38 13.17 21.09+0.77 10.88 15.65 - - -

Different letters in the table denote significant differences at 0.01<P, as determined by Ryan’s multiple range tests.

components globally in all evaluated geno-
types. Yield components of CT6241, Curinga
and Nerica were less affected by water treat-
ments; on the other hand, Azucena, CICAS8
and Palmar were highly affected by water
treatments. Curinga showed the best yield
performance among evaluated rice genotypes
under drought stress conditions (Figure 3).
Flowering date was highly affected by
water treatments, genotypes and their inter-
actions. Azucena, CICA8 and Palmar flowered
around 100 D.A.S., and plant growth was
delayed under water-limited conditions. In
contrast, Curinga, CT6241 and Nerica were
not affected by water treatments (Figure 3).
Significant differences were observed for
plant height (Figure 3). In particular, Azu-
cena showed a reduction of about 50 cm in
plant height under water stress. Curinga,
CT6241 and Nerica were less affected by both
treatments (with or without water stress).
These results probably indicate that Cur-
inga and CT6241 have a potential to perform
similarly under both water treatments based
on plant traits evaluated. Furthermore, these
two genotypes showed a higher yield response
than other genotypes under drought stress

conditions. Azucena also responded well
for some traits; however, flowering date and
plant height of Azucena were considered not
suitable for our purpose. On the other hand,
these results clearly indicate that CICAS8
and Palmar are susceptible to water-limited
conditions such as those imposed in experi-
ment 2. By using our protocol, breeders may
be able to evaluate a good number of rice
lines and discard drought susceptible lines
from the breeding program and select only
promising lines with vegetative drought re-
sistance (Pantuwan et al.,, 2004). However,
it is unclear whether genotypes developed by
genetic transformation of drought susceptible
genotypes will perform well under water-lim-
ited conditions. Curinga and CT6241 were
selected due to good performance under
water-limited conditions; CICA8 and Palmar
were also chosen as drought intolerant geno-
types to be used as control genotype under
water-limited conditions.

Conclusions

Protocols were established for screening
rice genotypes for tolerance to water-limi-
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ted conditions under field conditions. These
protocols were successfully used to select
best genotypes for further experiments.
Rice genotypes responded differently when
subjected to water-limited conditions. Ex-
periments conducted under field conditions
indicated that rice genotypes Curinga, and
CT6241 performed much better in terms of
grain yield under-water limited conditions
than Azucena, Nerica, CICA8 and Palmar.
Therefore, Curinga, CT6241, CICA8 and Pal-
mar were selected for further studies. The
first two genotypes are tolerant whilst CICAS,
and Palmar are susceptible to water stress.
By using our protocol, breeders may be able
to evaluate a good number of rice lines and
discard drought susceptible lines from the
breeding program and select only promising
lines with vegetative drought resistance.
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