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Abstract

[ |
Rice production is usually reduced by water stress that can evenly occur during rice cycle in West Africa
under bimodal rainfall pattern. In order to determine the effects of water stress on rice grain quality,
experiments were conducted on upland site (on ferralsol) at the main AfricaRice research center at M’be, 30
km North of Bouaké, Cote d’lvoire. The rice varieties CG14 ( Oryza glaberrima), WAB56-104 (Oryza sativa),
and NERICAL (cross WAB56-104 x CG14) were sown at 25 x 25 cm spacing during the dry season cropping
period of 2000, 2001 and 2002. Irrigation line (Boon irrigation) was used to supply water until flowering stage.
Water was then supply manually from the milky stage of each variety to its full ripening stage. Physical
(husking yield, milling recovery, and head rice ratio), chemical (amylose and proteins contents) and cooking
parameters (cooking time, volume expansion, rice flour gelatinization temperature, consistency and
viscosity) of the harvested grains were determined in the laboratory. The results showed a significant
difference (p < 0.05) between all the parameters in comparison with the checks samples and stressed crop. In
general, NERICA 1 showed better physical and cooking quality traits than its parents. Rice samples from
plots subject to lower water availability during repining stage showed higher protein content for all varieties
studied. Increase in the average protein content of stressed samples were 31, 11.8 and 13.3% times,
respectively for NERICA 1, CG14 and WAB56 -104, where (using the protein content of check plots as 100%)
NERICA 1 showed higher husking yield, total mean milling recovery and head rice ratio for samples collected
on stressed plots than the glaberrima and the sativa samples recorded on similar plots. Finding showed that
cooking properties that meet West African rice consumers’ preferences for cooked rice were more improved
for NERICA 1 than its parents in comparison with samples collected from stressed plots. It is concluded that
moisture stress at ripening stage should be further investigated as potential indirect means of improving rice
grain quality.
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INTRODUCTION affects rice growth and reduces grain yield and quality

(Carlos et al., 2008) . Water is a major constituent of plant
Although rice is consumed worldwide, there is no universal tissue as reagent for chemical reactions and solvent for
rice quality attribute (Veronic et al., 2007). Nevertheless, rice translocation of metabolites and minerals as well as an
appearance and cooked rice texture are the characters essential component for cell enlargement through increasing
considered as main quality attributes by consumers (Okabe,  tyrgor pressure (Carlos et al., 2008). The occurrence of soil

1979; Rousset et al, 1999). Thus, measuring and
understanding factors that influence appearance and texture

properties are a great challenge for industries and breeders resulting in reduced growth and poor grain filling (Samonte
in meeting consumer preferences. About 13% of the world’s et al, 2001). In West Africa, rice annual consumption

147 million _ha of rice is cultivated as rair_1fed rice under increase at the rate of 6.5% (WARDA, 2008), whereas, there
upland conditions (Crosson, 1995) where moisture stress is increase in water stress occurrence for

IImoisture stress affects many of the physiological
processes such as photosynthesis and transpiration
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Table 1. Physical and chemical properties of the soil at O -
15 cm depth.

Parameters Contents

pH water 5.4
Clay (%) 31
Silt (%) 18
Sand (%) 51
Pf 2.0 (%) 29
Pf 4.2 (%) 6

Carbon (%) 0.84
Nitrogen (%) 0.03
Organic matter (%) 1.44
Ca (meq/100 g) 1.2
Mg (meq/100 g) 0.82
K (meq/100 g) 0.21
Na (meq/100) 0.1
Exchange Cation Capacity (meq/100 g) 6.16

rainfed crop as rice (Koné et al., 2008, Koné et al., 2009)
essentially induced by notable climate changes (CNRS,
2000) . Therefore, soil moisture stress appears to be a
major factor for the gap in producing enough quantity of
rice as well as grain quality (Tomlins et al., 2005).
However, drought effect on crop is depending on soll
nutrient content (Gandah et al., 2003) as well as climate
and cultivar (Cooper et al., 1987). Except characterization
study of tolerance of the New rice of Africa (NERICA)
under mid-season drought (Kone et al., 2008), there is
missing knowledge on grain quality on acid soil of West
Africa. These cultivars (NERICA) are generated by
AfricaRice crossing sativa from Asia and glaberrima from
Africa. The main purpose of this study therefore, was to
examine the effect of late season soil moisture stress on
the most popular upland NERICA rice variety (NERICA 1)
grain quality. Results should provide Knowledge for
planning interventions as supplementary irrigation.

MATERIALS AND METHODS
Site description

In the upland field at Africa Rice Center's headquarter at M'bé,

Bouaké, Céte d’lvoire (7°52N, 5° 6 W and 300 m of altitude). The
soil was a ferralsol type (Table 1).

Experimentation

NERICA 1 was sown during three years from 2000 - 2002 similarly with
WAB 56 -104 and CG14. NERICA 1 is one of the most adopted of the
18 released NERICA in West Africa. Four grains of rice was sown per
hill, spaced by 25 x 25 cm and tinned latter (21 days) to two plants per
hill. The total area of each plot was 15 m™. A split plot design was used.
The main factor was the irrigation with two levels (well watered and
stressed). Variety was the sub-factor with three levels. The check was
irrigated at the rate of 30 mm per square meter

each three days from seeding to the rice harvest. The second main plot
was stressed from milky stage to full ripening. Each irrigated plot was
designed as one factor in randomized complete design with three
replications. The space between the two blocks was fifteen meters to
avoid water migration from well watered plots to stress plots.

An irrigation line (boom irrigation system) was used until the
reproductive stage. Since the beginning of the ripening stage (milky
stage) of varieties differing by few days, water was supplied manually
throughout reproductive stage to ripening. Rice growth patterns
registered by national and international research centers in West Africa
were followed. Basal fertilizer application was 200 kg/ha of N, PO5,
K20. Sixty days after (60 DAS) seedlings emergence, only nitrogen
fertilizer was applied as top-dress at the rate of 40 kg/ha.

Weather data collection

Daily weather parameters (Precipitation, air temperature and moisture)
were collected from AfricaRice’s weather station located near the trials.

Soil moisture measurement

Soil moisture measurement stated when the last variety reaches its
milky stage and last fifteen days. Volumetric moisture content (%) in
soil was weekly measured by Time domain reflectometer (Delta-T
Devices Ltd, UK) in all the plots throughout the stress period. Due
to large variation of measurements within each plot as the result of
substantial heterogeneity within soils, 10 measurements were taken
per plot and the average values considered. The moisture-meter
was calibrated with the experimental soil samples and gravimetric
methods to generate a calibration curve that was used for trans-
forming the moisture-meter reading to true soil moisture status
values (Hamlyn, 2007).

Yield determination

At grain maturity, rice was harvested in 6 m? of each micro-plot
leaving two lines in the border. Samples of rice grain collected from
three plots of same treatment were mixed together. After threshing,
the grains were sun-dry, sieved and weighted after the
measurement of the moisture content. The grain yield was
determined for cor-responding weight of standard moisture of 14%.
Grain moisture was monitored by a Kett Riceter (KETT C600).

Milling characteristics

Husking yield (HY), milling yield (MY) and head rice ratio (HRR),
the ratio of, respectively, brown rice to paddy, milled rice to brown
rice and head rice to milled rice on a weight basis- were
determined. For each interspecific line, the 250 g of winnowed
paddy was hulled with a Satake testing husker (THU 35H). Brown
rice was weighed and HY was determined. The 150 g of brown rice
was milled with a milling machine for laboratory use (Yamamoto
Test Rice Whitener VP-31 T). After milling, rice bran was removed
with 1.7 mm sieve. A cleaned sample of milled rice was weighed
and MY was determined. From 20 g of cleaned milled rice, all head
rice were taken and weighed. HRR was then calculated. Milled rice
grains with a length greater than three-quarters of complete grains
were considered as head rice. Colored and damaged grains were
also removed from the category of head rice.

Determination of amylose content

The cleaned milled rice was ground and powdered by an Udy Cyclone
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Figure 1. Trend of average daily soil moisture content of the three years of
experimentation and their standard error (SE) in stressed and control plots during

fifteen days after water stress.

Mill with a 1.0 mm mesh screen. Amylose content was determined
by auto-analyzer based on the iodine-colorimetric method (Juliano,
1971).

Determination of protein content

The powdered samples prepared for the determination of amylose
contents were used. Total nitrogen content was determined by
colorimetric based on Berthelot reaction (Walinga et al., 1989).
Protein content was calculated by multiplying total nitrogen content
by 5.95, the constant to convert nitrogen content to protein content
in rice-and expressed on a dry matter basis of milled rice.

Determination of viscosity characteristics

The interpretation of the viscograph curve was done according to
the indication of the AfricaRice Center grain quality laboratory
manual. Powdered samples mentioned were passed through a
mesh (NO. 40). 50 g of powdered sample of the varieties at 13.3%
moisture contents was mixed in 450 ml of distilled water. The
following viscosity parameters were determined with a Brabender
viscogram by using the rapid method (Watanabe and Futakuchi,
2000): Peak Viscosity (PV), Minimum Viscosity (MIN), Breakdown
Viscosity (BD) and Final Viscosity (FV).

Statistical analysis

Analysis of variance (ANOVA) and regression analysis were
performed using Statistical Analysis system (SAS 11.0) and Sigma
Plot 11.0.

RESULTS AND DISCUSSION

During the drought simulation period, the precipitation
during the three years experiments was far much few to
cancel the water deficit induced. The average temperatures
were higher enough (Figure 2) to allow soil drying during the
drought period jugged by the fast decrease of soil moisture
content during the stressed period (Figure 1). NERICA 1
showed better yields in both control and drought treatments
(Table 2) confirming its ability to produce more than its two
parents as discussed by Jones et al. (1997). The low
availability of water during this work had less effect on the
yields (Table 2). This might be due to its late occurrence
during the rice plants life cycles. Similar results were found
by Boonjung and Fukai (1996). Husking yield gave an idea
of the total amount of edible grains after
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Figure 2. Trend of average daily temperature and precipitation of the three years of experimentation

during the drought period.

Table 2. Probability (P) of source of variations) and their significance.

Traits
Source Yield Husking yield Total milling yield
Treatment 0.2490 ™ 0.7846 " 0.0688*
Variety < 0.0001 *** 0.3996 " < 0.0001**
Year 0.9871"™ 0.2645 " 0.1920 "°
Treatment*Variety 0.1560 "° 0.8884 "° 0.3340 "°
Treatment*Year 0.7419 "™ 0.7467 ™ 0.9569 "°
Year*Variety 0.7970 ™ 0.7046 " 0.6671 "™

Significance: influence * = 10%; **= 5%, *** = 1%, ns = non significant.

husking. Results showed that this trait was very slightly
affected by the occurrence of drought at ripening stage
(Table 2). Total milling recovery (TMR) is a measure of
milling quality and hence, economic value. A proportion of
50% of head rice or less is undesirable since it means that
50% of the rice is discarded as husk and bran after milling.
Although stressed samples had a higher mean value of TMR
compared to that of control samples for all the cultivars
during the three years trials, these differences were not
significant at 5% (Table 3). Base on this fact, HY and TMR
could not all be considered as the best indicators of grain
quality by using water management as in the present study.
The percentage of HRR is one of the most important criteria
of selection of rice (milled rice) in West Africa (Sakurai et al.,
2006). In this study, the increase of the head rice ratio
(HRR) is 8.0 - 13.7% for NERICA 1 with

stressed samples (Table 4). Therefore, the occurrence of
drought during grain ripening stage could be considered
as a useful factor that might help to reduce broken grain
in milled rice with high level of head whole. Several
factors are generally recognized as probable cause of
breakage of rice during milling. Delay in harvesting and
threshing (Rhind, 1962) and too rapid drying (Angladette,
1963) enable cracking which always increase the number of
broken grains. Autrey et al. (1955) showed that rice
breakage was related to milling conditions. From this study it
could be concludes that unknown factors such as water
manage-ment determine during ripening stage can reduce
grain breakage as discussed by Adu-Kwarteng et al. (2003).
Study conducted by Sakurai et al. (2006) in urban area in
Ghana showed that rice varieties with high proportion of
head rice were sold with higher price in the market.



Table 3. Yield (t/ha) of studied verities during the three year trial.

2000 2001 2002
Variety Stressed  Control Stressed Control Stressed
CG 14 llc 13c 10c 15b 10c
NERICA 1 42a 3.8a 43a 40a 39a
WAB 56-104 21b 26b 23b 25b 23b
LSD(0.05) 0.8 1.1 1.1 0.6
CV (%) 16.8 21 21 13

Table 5. Protein content (%) of studied verities during the three year trial.

Protein content in check plots samples

Protein content in stressed plot samples

Variety 2000 2001 2002 2000 2001 2002
CG 14 7.1a 7.7a 7.2a 6.2c 6.3¢C 6.8c
NERICA 1 7.8 a 8.0a 75a 105a 10.1a 10.2a
WAB 56-104 55b 59b 6.0b 9.0b 8.4b 7.8b
LSD (0.05) 1.3 0.8 0.8 0.7 0.8 0.8
CV (%) 31.0 19.2 195 13.6 155 15.6

Therefore, the occurrence of water deficit during grain
ripening stage can be considered as a factor that increases
grain quality as preferred by local consumer because of low
rate of broken grain (Sakurai et al., 2006). Protein and
Amylose are factors that mainly influence the eating quality
of rice (Adu-Kwarteng et al., 2003, Futakuchi et al., 2008).
Negative correlation was found between Amylose content
and protein content for stressed samples (Figure 3). These
results were similar to those of Koutroubas et al. (2004) on
318 European sativa varieties but they were not consistent
with the findings of Futakuchi et al. (2008) who found a
positive correlation of 0.075 between protein and amylose
contents with interspecifics. NERICA 1 is known for its
higher protein content than WAB 56 -104 and CG14 in
adequate growing conditions (Watanabe et al., 2006). The
increase of protein content in NERICA 1 (Table 5) will
greatly improve the nutritional status of West African people
(Futakuchi et al., 2008) but the protein content should be
taken with care since it negatively correlates to rice taste
(Ishima et al., 1974). Care should also be taken to decrease
the Amylose content (Table 6) since it is well known that less
amylose lead to sticky rice after cooking, which West African
Rice consumers dislike (Sakurai et al., 2006).

The various parameters of Brabender viscograph results,
provide useful information on the texture of cooked rice,
although, the test is performed on powdered sample as
discussed in the AfricaRice grain quality laboratory manual
(1999). Results showed that in general, stressed samples
had lower gelatinization temperature and lower peak
viscosity (Table 7) . This means that NERICA 1 stressed
samples tend to gelatinize quicker than its parents (WARDA,
1999). It is well known that there is a positive correlation
between gelatinization temperature and cooking

time (Veronic et al., 2007). Therefore, the occurrence of the
moisture stressed at the ripening stage could shorten
NERICA 1’s grain cooking time than that of the two other
varieties. Cooking time reduction is very important in terms
of energy and time saving that can lead to the reduction of
cooked rice price on West Africans’ rural markets, where rice
is usually sold when cooked. The value of final viscosity
(Table 7) indicates that NERICA 1 stressed samples
tenderness should be intermediate between those of its two
parents. The increase of the peak viscosity time and value of
the ‘breakdown’ observed in stressed samples showed that
moisture stress during ripening stage induces higher grain
volume expansion upon cooking for all studied varieties
(Table 8). In most West African countries, especially in areas
with large family size, consumers’ first criteria of choice of a
given variety is its capacity of expanding after cooking
(Sakurai et al., 2006). From this point of view NERICA 1
could meet people demand. From this study, water deficit
occurrence at ripening stage could be considered as an
important positive factor since it could enable West Africans’
rice consumers to afford the type of rice grains they prefer.

Conclusion

The study clearly showed physico-chemical variation in rice
grain when moisture stress occurs during grain maturity
stage. There were significant differences among both the
stressed and the check samples. Late drought that occurs
during ripening stage appears to increase the main
characteristics defining rice grain quality including total
milling rate, head rice ratio, and protein content. Since the
criteria of choice of a given variety depend on each
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Figure 3. Interaction between amylose and protein content of rice grain.

Table 6. Amylose content (%) of studied verities during the three year trial.

Amylose content in check plots samples Amylose content in stressed plot samples
Variety 2000 2001 2002 2000 2001 2002
CG 14 26.9 a 27.1a 276 a 17.0a 16.3a 16.0a
NERICA 1 27.2 a 26.5a 269a 14.71b 14.7b 15.1ab
WAB 56-104 209b 21.4b 21.0b 149b 153 b 148b
LSD (0.05) 0.8 15 1.0 0.9 0.8 0.9
CV (%) 6.5 9.4 6.5 9.6 8.5 10.2

Table 7. Gelatinization temperature (0OC) and final viscosity (BU*) and Peak viscosity of the flour of the studied verities.

Gelatinization temperature of stressed plots samples  Final viscosity down of stressed samples

Variety 2000 2001 2002 2000 2001 2002
CG 14 67.4a 65.9 a 62.7b 1511a  1415a 1360 a
NERICA 1 66.6 a 66.8 64.2 ba 1010b  1014b 1018 b
WAB 56-104 67.3 67.2a 66.2 a 1001b 1003 b 1009 b
LSD(0.05) 4.2 3.2 2.3 56.5 24.4 58.4
CV (%) 6.8 5.3 4.0 5.2 2.3 5.6

BU: Brabender unit



Table 8. Break down (BU) and peak viscosity (BU) of the flour of the studied verities.

Break down of stressed plots samples

Peak viscosity down of stressed samples

Variety 2000 2001 2002 2000 2001 2002
CG 14 171¢ 170 ¢ 173 ¢ 701b 706 b 706 b
NERICA 1 233b 228 b 234 b 703 b 706 b 696 b
WAB 56-104 399 a 398 a 403 a 770 a 769 768 a
LSD(0.05) 11.9 9.2 11.7 38 31 23.2
CV (%) 48 3.7 4.7 5.7 4.7 3.5

BU: Brabender unit.

consumer, it might not be well advised to conclude that
the occurrence of water deficit during ripening stage
neces-sarily or not enhance rice grain quality. However,
the reproducibility of this trial is possible only in the case
where weather conditions remain similar throughout
consecutive years. The progressive higher carbondioxide
concentration due to climate change might be a limiting
factor since the biosynthesis of protein and amylose
which are the key elements of grains component is
significantly influenced by atmospheric conditions
especially after heading stage. More investigations
should be done on water stress at rice plant reproductive
stage to better understand the physiological phenomenon
that happened when this constrain occurs.
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