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Effect of Temperature During Grain Development on Stability of
Cooking Quality Components in Rice

Normita de la Cruz, Ish KumarY, Rajendra P. Kausmix and Gurdev S. KHusu

International Rice Research Institute, P.O.Box 933, Manila, Philippines

Thirty one rice varieties representing five amylose categories were grown under four differ-
ent controlled temperature conditions in the IRRI Phytotron to study the effect of temper-
ature during grain development on the amylose content, gelatinization temperature, and gel
consistency. Stability analysis revealed predominance of linear component of variety-
temperature interaction for all the three components. In general the amylose content
decreased with increasing temperature. All the variety in the waxy group and majority of
those in high amylose group showed absence of variety-temperature interaction for amylose
content. Varieties in the very low, low and intermediate categories were either responsive
or unstable. Similarly for gelatinization temperature and gel consistency also a number of
varieties showed absence of interaction with temperature, some were responsive and others
unstable. Waxy varieties IR29 and Malagkit Sungsong and high amylose variety IR42 were
found to exhibit no interaction with the temperature for all the three quality components.
Implications of the study on breeding strategy are discussed.

KEY WORDS: Oryza sativa L., amylose content, gelatinization temperature, gel consisten-

cy, stability, controlled temperatures.

Introduction

Rice is one of the most extensively cultivated crops in the world and is grown under wide
range of environmental conditions extending from 53°N to 40°S and from sea level to an
altitude as high as 2000M or more. Such a great diversity in agro-climatic factors affect both
yield and cooking quality characteristics of rice kernels. Preferred cooking quality may change
from one ethnic group or geographic region to another (JuLiano ef al. 1964). Thus it be-
comes essential to breed varieties showing least changes in cooking quality characteristics
when grown under such diverse agro-climatic regions. Since the cooking quality primarily de-
pends on amylose content, gelatinization temperature and gel consistency of rice starch, the
stability of performance of these attributes would be of interest to the breeders. The present
investigation was thus undertaken to assess the effect of four ambient temperatures on the
stability of cooking quality components of thirty one varieties representing all five categories

of amylose content.
Materials and Methods

Thirty one rice varieties, seven each form very-low (2.1~10.0%) and high (<25%); six
each from waxy (0~2%) and intermediate (20.1~25.0%); and five from low amylose con-
tent (10.1~20.0%) categories were chosen for the study. The varieties were selected from
the yield trials of the Plant Breeding Department, IRRI, based on the amylose content for
the last two seasons. All the varieties were seeded in the wooden boxes kept at 29°C/21°C
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growth chamber of the Phytotron at the International Rice Research Institute, Los Banos,
Philippines. Thirty day old seedlings of each variety were transplanted in eight pots with
two plants in each pot. Two pots of each variety represented two replications for each of
the four temperature treatments to be given from flowering to maturity. Pots were ran-
domized within each replication and kept at 29/21°C until flowering. As soon as a variety
flowered it was shifted to its respective day (8 hours)/night (16 hours) temperature treatment
chamber i.e. 25/21°C, 29/21°C, 33/25°C, and 37/29°C in the Phytotron till maturity. The pots
within each replication were kept at random.

Individual plants were harvested at maturity, air dried and stabilized for moisture content
in the air conditioned grain quality laboratory of the Plant Breeding Department at IRRI.
The rough rice was dehulled in Satake dehuller and polished in test tube miller. Samples
were analyzed for amylose content (Jujyiano, 1971), gelatinization temperature (LITTLE ef al
1958) and gel consistency (Cacampanc et al. 1973). The data were analyzed following
Eperuart and Russer (1966) and Prrkins and Jinks (1968) stability models.

Results and Discussion

The joint regresion analysis of the data are presented in Table 1. The results indicate that
differences between the varieties, the temperatures and variety-temperature interactions were
significant. Heterogeneity between regressions (linear) and remainder (non-linear) components
of variety-temperature interaction were highly significant. However, the linear component was
predominant compared to the non-linear component in all the cases suggesting the differences
among the varieties for their response to changing temperature and stability over temper-
atures.

Estimates of the stability parameters viz. mean, b and S%; and individual regression anal-
ysis for all the varieties are presented in Table 2 for the three cooking quality charac-
teristics.

Amylose content

Based on individual regression analysis the 31 varieties could be grouped into three
categories. The first category shows absence of g X t interaction; as observed in the six
varieties of waxy group and four varieties (IR42, IR68, SPR 7419-92-2 and Kartiksail) of high
amylose content group. Stability parameters also indicated these varieties to be highly sta-
ble (S%i~0). These varieties are expected not to show any significant change in their amy-
lose content irrespective of temperature fluctuations and are hence the most stable varieties.
The second category shows significant regression and non-significant remainder ms; as ob-
served in 12 varieties. All these varieties though stable differ in their linear response to tem-
peratures. Nine of them viz. IR2071-137, IR42235-4 in very low amylose group; IR24 and
CP231 in low amylose; Basmati 370, IR36 and Punjab Basmati in the intermediate; and IR8
and RD19 in high amylose group were average responsive to temperatures. Remaining three
varieties IR37307-8, Nagadhan and IR480-5 were above average responsive. Their behaviour
is predicable in the sense that when such varieties as IR37307-8 is grown at a location
where ambient temperature during grain development is in the range of 25/21°C it is ex-
pected to produce around 17-18% amylose content but at another location with temperatures
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Fig.1. Effect of temperature from flowering to
maturity on amylose content of unstable
genotypes in different amylose categories.

around 37/29°C its amylose may be as low as 4%. The third category shows significant
regression and remainder ms, as observed in varieties IR37815-20, IR42235-3, Pusa 167-120,
ARC 11554, IRAT 13, IR24632-34, BPI 121-407, Pusa 1509 and Adan Buda. Both the linear
and non-linear components were of almost equal magnitude in all the varieties except Adan
Buda where linear component was predominant. All these varieties were highly unstable
(S%: #0). Drastic fluctuations in the amylose content of these varieties at different temper-
atures are presented in Fig. 1. In variety IR24632-34 the amylose content dropped from
23.5% (at 25/21°C) to as low as 6.9% (at 37/29°C), a reduction of about 16%. So a varie-
ty which may be intermediate amylose at a sub-temperate location can be very low amy-
lose at a tropical location.

Gelatinization temperature (GT)

Based on individual regresson analysis and stability parameters, eleven varieties of low GT
group (Alkali Digestion value <5.0); Basmati 370 of intermediate GT (ADV = 4 to 5); and
two varieties viz IR42235-3 and IR42235-4 of high/intermediate GT (ADV = 3) showed ab-
sence of variety-temperature interaction and were thus the most stable varieties. Their
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gelatinization temperature is expected to re-
main unchanged under most temperature
situations. Varieties Kap Nhay, IR37307-8,
Pusa 167-120, IR36 and Kartiksail of low
GT; IRAT 13 of high/intermediate GT; and
IR2071-137 of high GT group had only sig-
nificant linear component. These varieties
though stable, differed in their
response to temperatures and all above var-

linear

ieties except IR36 and Kap Nhay were
average responsive. Varieties I[R65, IR24,
IR480-5 and RD19 of low; ARC 11554 and
Punjab Basmati of intermediate and Adan
Buda and CP231 of high GT group were
highly unstable as S%; the non-linear com-
ponent of g x t, was highly significant in
Variation in the ADV of
these varieties at different temperatures are
presented in Fig. 2. ADV score of RD19
dropped from 6.4 at 25/21°C temperature
to as low as 2.8 at 37/29°C and that of
Adan Buda increased abruptly from 2.6 at
33/25°C to 4.4 at 37/29°C.

Gel Consistency

all these cases.

The gel consistency of different varieties
varied differently at different temperatures.
Ten varieties with soft gel consistency (51
to 100mm gel length) and all the five var-
ieties with hard (30 to 40mm) or medium
GC (ARC 11554, IR36, IR8, IR42 and Pusa
150-9) showed no variety-temperature inter-
action i.e. their GC remained stable over all
the temperatures. Pusa 167-120 and
SPR7419-92 with soft GC had only signifi-
cant linear component and were thus stable
with average and above average responsive-
ness, respectively. Khap Nhay, IR42235-3,
IR42235-4, CP 231 and Kartiksail with soft
GC and IR480-5, BPI 121-407, RD19 and
Punjab Basmati with medium GC were
highly unstable varieties as non-linear com-

ponent (S%;) was highly significant in all
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these cases. The gel consistency of these unstable varieties at various temperatures are
presented in Fig. 3. Gel consistency of Kartikasail decreased from 84.5 at 25/21°C to 62.5
at 37/29°C, whereas that of BPI 121-407 increased from 32.5 at 29/21°C to 67.0 at 37/29°C
to 67.0 at 37/29°C.

IR29 and Malagkit Sungsong among the waxy group and IR42 among the high amylose
group turned out to be the most stable varieties for all three cooking quality components.
Fig. 4 shows fluctuations in amylose content and gelatinization temperatures of Basmati 370,
Punjab Basmati and IR36. Basmati rices which are specifically adapted to sub-tropical areas
where temperatures during ripening remain cooler, show a deterioration of quality characteris-
tics when grown in tropical areas. As revealed from the graphs the amylose content of Bas-
mati 370 remains in the intermediate category when grown at temperatures below 30°C. At
higher temperatures the amylose decreases to low, thus resulting in less flakiness and slight
stickiness of the cooked rice.

Implications in breeding program

The variability of any variety with respect to environment can be subdivided into predic-
table part corresponding to regression and an unpredictable part corresponding to deviation
from regression. A variety is considered stable if it shows least deviation from regression.
Unlike grain yield where the breeders want rice varieties with linear response to environ-
ments like fertilizer etc., the scientists working on cooking quality aspects are interested in
varieties which do not show any change in the quality traits. The term stability in true
sense, in such cases, i1s referred to relative absence of variety X temperature interaction.
Varieties with average responsiveness (b = 1 and S%; = 0) is the second choice of the
breeder, whereas, varieties with b>/1 or b<1 and S%s# 0 would be undesirable from cook-
ing quality point of view.

The results of present studies show high stability for amylose content in waxy and high
amylose content varieties. The selection for these amylose content levels can thus be done
in relatively broad category of environments. For very-low, low and intermediate amylose con-
tent varieties, which are more vulnerable to changes in temperature, the selection may be
done in the region where they have to be grown. Otherwise, a variety bred in temperate
region may show different amylose content and thus change cooking characteristics when
grown in tropical areas or vice versa. Same will hold true for other quality characteristics.
Effect of temperature on starch properties has also been recorded in japonica rices (Oxuno
et al. 1985; Takepa and Sasaxi, 1988). Asaoka ef al. (1984) reported that the amylose concen-
tration in the endosperm starch of rice is determined by the environment temperature from
5 to 15 days after anthesis and that higher temperatures increase the amount of long chains
and decrease that of short chains of amylopectin.

Although, very-low, low and inferrnediate amylose content is known to be controlled by a
single major gene (Kumar and Kuush, 1986, 1987, 1988; Kumar ef al 1987; Yano et al
1988), the segregating material for the above amylose levels should be tested in different
environments to select for suitable amylose level or other quality components lest the suc-
cess to breed for the widely adaptable variety with desirable quality components may be
delayed.
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KT To—25E, WHEEBLOY LIV ATy —C RITTERAECMELZHLPICT E72HIC, 5
BBoT i u—2g8 (B BRI K $BL0m) #RKT231aEE, IRRIND7 74+ a4 ODIRE
44 (21,725, 29721, 33,725 BL1r37,729C) TTHAE G2, AKICHET 2 INns 3 ERNBHRIRICHT 5
LRV DWW OB L 2R, SR, BEMERBLIURELEELOTRAERIZVWINLEERTH 72,
¥ 2R EAERAETE, BYROMERZE (BERS) BLUERE GERUEES) »HRICEYEBELRL 208, BE
B3I L T T IR BRAIC R L TO AR TH - 72, T, BFRKIBICKTT 5 FERD G,
RREIC L > TKRELZEDH B E2TRBL TS, —ikic, BRABOLAICH- T, 7In—AgRIMMETL 2,
STCORERBEBLNILACDET In—2ARMETIE, 7Iv—X8RICNT 2 MEEEE L OTHEER»ED L
Nhhroiz, —7F, 73Iv—2&8BIE K LUdomER, BRAECERGE (HRRENAEE) H 5w
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