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Abstract

The study was conducted with the objective to eramnthe potential of radicle and
coleoptile lengths of twenty-two upland rice undémwee temperature conditions
containing 14, 19 and 2% for 30, 20 and 7 days, respectively. The expartmes laid
out in randomized completely block design with tseplications in Laboratory of Tokyo
University of Agriculture. ANOVA result in each lel of temperature revealed
significant effects for radicle length; coleoptilength at 14 and 238c, whereas no
significant difference observed at 1%. Mean comparison (LSD) showed that
NERICA18 had the highest coleoptile length at ‘4 followed by NERICA1l and
NERICA7. Mean of radical length revealed NERICA7dhthe highest followed by
NERICAL. Strong correlation under T4 (r = 0.78) observed between coleoptile and
radicle length but no obvious correlation (r = 0&8®1 r =0.28) between them under 19
and 25°c, respectively. Correlation between radiccle aokaptile length were proved
that a greater coleoptile length reduction was agamied by a greater reduction in
radicle length and germination index due to coldgerature stress. Strong correlation (r
= 0.77) was found between radicle length and geatitin index under 14c, but weak
correlation (r = 0.38 and r = 0.21) under 19 and °2p respectively. Genotypes,
NERICA7 and NERICAL1 combined both high mean coléepdnd rdicle length and
could be characterized as ideal genotygdsese probably possess genetic tolerance to
low temperature stress and might be exploited ssuace of cold tolerant genotype for
rice breeding programs.

1. Introduction

Rice Oryza satival.) has supported a greater number of people fonger period of
time than any other crop since it was domesticaeggveen 8,000 to 10,000 years ago
(Greenland, 1997). At present, rice is the stapbel ffor more people than wheat, and 90
percent of total rice production is grown and consd in Asia (Evans, 1998). It is one
of the three major food crops in the world and ferthe staple diet about half of the
world’s population. Its rich genetic diversity emgpasses an enormous range of
geographic—ecologic adaptation (John Wiley and $ionis 2003). The global production
of rice has been estimated 650 million tones ared ahea under rice cultivation is
estimated 156 million hectares (FAOSTAT, 2008).

NERICA (new rice for Africa), a new promising Afea upland rice species, is getting
into the limelight not only in West-Africa but aléo East Africa. It has been developed
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through crossing African rice specie3. (glaberrimaSteud)
known for resistant to disease and drought and rAsiece
species . satival.) known for its high yield potential.
The temperatures on the Earth’s surface are vdfgreint,
changing during the seasons as well as during #yeaad
night. Low temperatures act as an abiotic strestrfahat
has a strong impact on the survival, growth, repetidn and
distribution of plants. Each plant is characteribgda certain
genetically fixed level ofresistance to low temperes,
which reduces its metabolic activity (Aghaee Aalet2011).
Cold stress at seedling stage and high temperatire
flowering stage occur in the region of subtropidsere rice
is cultivated. In the mountainous regions of thapits, and
in the temperate rice growing zones of the worldidc
weather and cold water are problems of the ricevgrs.
Low temperature limits rice production in subtradiareas
as well as in high altitude regions in the tropic&eeds may
fail totally to germinate or may fail to germinatgth their
optimum potential with low temperature. During tharly
growing stage of rice, the occurrence of low terapee
stress restrains seedling establishment and leadsoh
uniform crop maturation. The optimum temperatunesieed
germination and early seedling growth is from 25385 °c
and below this usually results in poor seedlingl@ghment
or seedling mortality and poor seedling vigor (giast al.,
2008; Reyes et al., 2003). Temperatures below @0
diminish both the speed and percent of germingianet al.,

basal end to the mesocotyl. Both radicle and cadieop
lengths are potential measurement criteria to sglootypes
with improved seed germination, seedling establesftnand
subsequent growth and development. Thus, investgy#te
effect of low temperature on rice growth and dep#lg cold
tolerant varieties are very important in areas whédce
growth is limited by chilling stress. Thereforegethbjective
of this study is to examine the potential of ragli@nd
coleoptile lengths of different rain fed uplanderigenotypes
under different temperature conditions.

2. Materials and Methods

In this study 22 upland rice genotypes of differengins,
most from Africa (all 18 upland NERICA, N1-N18);pkn (3)
and Mynmar (1) were used in the experiment. Thetypes
and their sources of origin are contained in tdble

The experiment was laid out in randomized compjetel
block design with two replication, and the blockmstitute
of different shelves in the germination chambere Htudy
was conducted in the Laboratory of Tokyo Universitly
Agriculture. Ten seeds per genotype per replicatiere
placed on petri dish (with two layers of filter map and
exposed to three different temperature conditicrgaining
14°c for 30 days (cold treatment) 18 for 20 days and 2%
for seven days (control); at 95 % relative hunyigind 10
hours light intensity.

2008). Therefore development of rice cultivars with gyguation of genotypes for cold tolerance in this

considerable level of cold tolerance is needed.

Good performance during germination is an important
guarantee for seedling establishment and unifolop stand
(Krishnasamy et al., 1989). According to (Cruz let 2004)
methods of evaluation and characterization, seduwld
expose to temperature varying from 10 to 25 °gpfeniod of
three to thirty five days and characteristics mmmihmonly
measured are germination percent, speed of geiomnat
coleoptile length and radicle length (Maya, 1988ni8asulu
and Vergara, 1988; Bertin et al., 1996; SthapitAfitombe,
1998). In young rice seedlings, the radicle isriidimentary
stem of a plant which supports the cotyledons & ghed,
and from which the root is developed downward.
coleoptile on the other hand is the tapered -cyidadir
structure that encloses the young leaves and joateils

experiment was carried out by means of the follgwin
characteristics.  Germination index: Gl 14N
+N,g/2)/10x100%, where J is the number of germinated
seeds 14 days after the beginning of cold treatnigts the
number of germinated seeds 28 days after the biegirof
cold treatment and 10 being the total number otisgeer
genotype per replication. For germination indexcakltion,
only the seeds presenting both coleoptile and lediere
considered. Coleoptile and radicle length were iobth
based on all germinated seeds at the end of meution
treatment. The data were calculated only on thengted
seeds.The data were subjected to the GLM procedure for

Thanova using SAS software. Mean separations wereedon

using LSD method (SAS Ini., 2004).

Table 1. List of upland rice genotypes used in experimedtthrir sources of origin

No. Acc. Variety No. Acc. Variety

1 108 NERICA-1 (CIV) 12 119 NERICA-12 (CIV)

2 109 NERICA-2 (CIV) 13 120 NERICA-13 (CIV)

3 110 NERICA- 3(CIV) 14 121 NERICA-14 (CIV)

4 111 NERICA-4 (CIV) 15 122 NERICA-15 (CIV)

5 112 NERICA-5 (CIV) 16 123 NERICA-16 (CIV)

6 113 NERICA-6 (CIV) 17 124 NERICA-17 (CIV)

7 114 NERICA-7 (CIV) 18 125 NERICA-18 (CIV)

8 115 NERICA-8 (CIV) 19 80 Rikutounourinomochi26 (JPN)
9 116 NERICA-9 (CIV) 20 278 Tsukubahatamichi (JPN)
10 117 NERICA-10 (CIV) 21 79 Yumenohatamochi (JP)
11 118 NERICA-11 (CIV) 22 069 Yar-2 (MMR)

Acc. = Accession number. Letters in Parenthessi@nify the ISO 3- letter codes identifying couesrwhere the genotypes originated.
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. , Coefficient of variation (CV) for coleoptile lengthas 32.5,

3. Result and Discussion 14.8 and 13.6 at 14, 19 and 25 respectively. And also CV
of germination index was 41.1, 11.5, and 10.8 at1®4and
25 °c, respectively. The analysis also showed thaethare
significant differences between genotypes on geatiun
index at 14°c; however there were no significant difference
between genotypes both 19 and°25

Mean comparison were performed by least significant
difference (LSD) method due to simple effect (tadjeonly
those showed significant difference). NERICA18 hhe
highest coleoptile length at T4 followed by NERICAL and
(genotype in each level of temperature and viceajewere NERICA7 wh_ereas Tsukubahatamochi and YAR2 showed th
analyzed (table 3). Coefficient of variation (Cféy radicle €St coleoptile length. In 2% treatment, NERICA7 had the
length was 32.7, 24.2 and 24.4 at 14, 19 and °€5 highest coleoptile length; however Yumenohatamaahil
NERICA10 had the lowest coleoptile length. The oplide
flength at 19c temperature treatment showed no significance
difference between genotypes (at both p = 0.01pstd05).
NERICA18, NERICA1 and NERICA7 were best whereas
+ Yumenohatamochi and NERICA10 as poor genotype due t

coleoptile length in the lower temperature conditio

Analysis of variance revealed significant differeac
between rice genotypes for all the three traitstaioing
germination index, coleoptile and radicle lengtheTnalysis
of variance showed strong significant difference=(19.01)
on radicle length were observed in temperaturegambtype
interaction however there were no interaction effea
coleoptile and germination index (table 2).

According to significance of genotypes x tempemtur
interaction effect of all traits, simple effects wio factors

respectively.

The result of ANOVA for genotypes in each level o
temperature indicated significant effects of gepetyfor
radicle length; there were also a significant défece for
coleoptile length at 14c and 25°c condition, whereas a
19 °c the coleoptile length showed no significant d#fece.
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Figure 1. Coleoptile length (cm) with standard error at diffet temperature condition
Table 2. Analysis of variance for germination related trainsdifferent temperature for rice genotype
Radicle length (cm) Coleoptile length (cm) Germination index (%)

SOV DF MS F value MS 7 value MS 7 value
Genotype 21 2.840 6.07** 0.182 4.43** 656.9 3.09**
Temperature 2 77.052 166.7** 5.73 139.99** 25692.6 121.01*
GenotypexTemperature 42 1.073 2.30* 0.041 1.01ns 329.5 1.55ns
Error 66 0.468 0.04 212
CV (%) 29.2 18.4 19.3

**= gignificant at p<0.01 level, *, = significant <0.05 level, ns=no significant



110 Abebaw Dessiet al: Phenotypic Expression in Upland NERICA Rice UndewlTemperature Condition at Germination Stage

Table 3. Analysis of variance for simple effects of genatyipeeach temperature levels

Radicle length(cm)

Temperature 14 °c 19 °c 25 °c
SOV DF MS F value MS F value MS F value
Genotype 21 0.917 3.16** 2.176 4.71** 1.893 2.80*
Replication 1 0.618 2.13* 0.077 0.17ns 0.191 0.28ns
Error 21 0.290 0.461 0.675
CV (%) 35.6 24.2 24.4

Coleoptile length (cm)

14 °c 19 °c 25 °c
SOV DF Temperature MS = MS =" MS F o
Genotype 21 0.143 2.72* 0.045 1.43ns 0.077 2.11*
Replication 1 0.113 2.16* 0.001 0.01ns 0.063 1.71ns
Error 21 0.052 0.031 0.037
CV (%) 32.5 14.8 13.6

**= gignificant at p<0.01 level, *, = significant <0.05 level, ns=no significant

The result revealed significant difference betweer5 °c, respectively. Overall, for this trait (radiclength),
genotypes in 14&c for all traits. The length of radicle for NERICA7 and NERICA1 could be as tolerant genotyfmes
NERICA7 was the highest among the genotypes afcl4 low temperature stress where as Tsukubahatamochi,
followed by NERICA1, whereas Tsukubahatamochi siibweNERICA4, NERICA9 were showed as sensitive varieties
the lowest followed by NERICA4 (Table 4). For thecond The third trait that studied, were germination de
level of temperature (19c) YAR2 had the highest record NERICA10 and NERICA1 had the highest and
followed by NERICA8 and NERICA7; however NERICA4 Tsukubahatamochi and YAR2 had the lowest germinatio
recorded the Ilowest radicle length. NERICA1l1 andndex at 14c, respectively (figure 2).

NERICA4 possessed the highest and lowest radiolgtlhein

Table 4. Means germination related traits in different temgieres for rice genotypes

Radicle length (cm) Coleoptile length (cm) Gl (%)
Genotype 14 °c 19 °c 25 °c 14 °c 25°c 14 °c
NERICA7 2.4018 4.0240 3.5000 0.9780 1.8210 57.50
NERICA1 2.1400 3.2550 4.2930 1.0645 1.5205 80.00
RN26 1.5740 3.7975 3.8525 0.8200 1.3320 65.00
NERICAN15 1.5010 3.3595 3.4510 0.8740 1.5390 77.50
NERICA8 1.7295 45735 4.6995 0.9320 1.4895 65.00
NERICA2 1.3810 3.2380 2.3865 0.8385 1.3200 65.00
NERICA5 1.5200 2.6600 2.1230 0.9635 1.4000 57.50
NERICA16 1.0935 3.0980 3.4405 0.8440 1.6905 55.00
NERICA10 0.7090 1.7340 2.1240 0.9775 1.1790 85.00
NERICA17 0.8990 3.4025 4.1460 0.7115 1.4970 42.50
NERICA12 0.7365 3.4490 3.4515 0.8070 1.3945 52.50
NERICA18 0.6490 2.4420 2.7290 1.0770 1.6675 67.50
NERICA14 0.5730 1.7860 2.9785 0.6710 1.2905 40.00
NERICA6 0.4845 1.6645 3.2450 0.4680 1.3000 27.50
NERICA3 0.4230 1.8310 3.1155 0.6585 1.5220 40.00
NERICA13 0.2990 1.4760 3.2710 0.4780 1.4470 32.50
NERICA11 0.2270 2.6305 5.0440 0.4470 1.4620 30.00
Yumenohatamochi 0.1755 2.1705 3.1580 06155 0.9440 42.50
YAR2 0.1455 4.9765 3.1540 0.1915 1.2235 15.00
NERICA9 0.1425 3.1805 4.6155 0.3560 1.3510 17.50
NERICA4 0.1330 0.8990 1.2440 0.5780 1.1790 17.50
Tsukubahatamochi 0.0300 2.6205 3.5790 0.1700 1.4927 10.00
CV (%) 32.6 24.2 24.4 32.5 13.6 44.1
LSD 1.1205 1.4132 1.7089 0.4704 0.3977 44.1
Significance o o * * * *

**= gignificant at p<0.01 level, *, = significant <0.05 level, ns=no significant
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Figure 2. Germination index (%) with standard error at diffat temperature condition

The germination index of all genotype at two terapare  and NERICAL), the rest of rice varieties recordesklthan 1
condition (19 and 28c) showed good performance and ther&m coleoptile length at 14c. Tsukubahatamochi had the
are no significant differences among the genotypbwler lowest recorded in all traits (germination indeagdicle and
19 °c temperature condition, almost all genotypes slowecoleoptile length) at 14c. Some of the genotype had near to
greater than 85 % germination index; and greai@n 6 % zero radicle length such as Tukubahatamochi whereas
germination index at 2% temperature conditions. NERICAY had 2.41 cm.

There was a considerable reduction in germinataie in ) . .
fice genotype at 1% compared to the other two temperature>-1- Relationship between Radicle and
treatments. Treatment seeds with low temperatureseca Coleoptile Length in Different
delaying in germination rate and reducing in seeplraits Temperature Condition
such as radicle and coleoptile length. The reqwdtved also Under 14°c, there was a strong correlation (r = 0.61)

the decrease in radicle length was more pronouncefliyeen coleoptie and radicle length, that is adicte
compared to that in coleoptile length in low tengiere  gjongated, so did the coleoptile. In the 19 and&ondition,
treatments. The results of this study indicate higlhare was no obvious correlation (r = 0.10 and r08p
tempgrature treatments increase germination rate aPetween coleoptile and radicle length at 19 and°g5
seedling growth. respectively (figure 3 a).

In almost half of the testgd genotypes, radipl@tlbryvgre The symbol (**) signifies a statistically signifioa
less than 0.5 cm at 1%, this means that 1% is a critical  gefficient of correlation () atp = 0.01

temperature for germination of rice genotypes. NEARI has  pegyits relating coleoptile and radicle elongatiorder
the highest radicle length, whereas the greatésbition in 55 o¢ temperature conditions showed a very weak cdivela
radicle length was recorded in TsukubahatamochiyEad (figure 3b) that gave no apparent indication of the

rapid elongation of roots is important for indic@i ,ceqictability of one variable based on knowleddette
resistance to abiotic stresses such as droughtaddAbility — jior A significantly moderate positive correlatier = 0.6)

continued elongation of radicle under the situat@incold a5 found between radicle elongation and germindtidex
stress was remarkable in some of the varietiesneSaf the under 14°c temperature condition, however a very weak

genotype, such as YAR2, NERICA8 and NERICA7 exkibit oo rejation (r = 0.1435 and r = 0.0448) betweemtheas
more than 4 c¢m radicle length whereas NERICA4 medr piained under 19 and 28, respectively.
the shortest (< 1 cm) at 1.

Except two lines of the tested rice materials (NERL8
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Temperature has a profound influence on seed gatioim
by affecting the activation stage and post gernonagrowth.
Low temperature can affect the rice plant’s develeptal
processes and impair photosynthesis. Low temperatuthe
seedling stage can reduce rice yield due to realucii
establishment of platelets and subsequently plaptiation.

The symbol (**) signifies a statistically signifina
coefficient of correlation (r) at p = 0.01

Evaluation of rice seed germination rate, coleeptihd
radicle length under more than one temperatureitondare
necessary to distinguish cold tolerance genotypesn f
characteristics related to vigor (Massardo et aDQO0).
Coleoptile length, radicle length and germinatiaterseems
to be the most adequate traits for evaluate coldrant
during seed germination period of rice (Cruz,Rriél 8.C.K.
Milach, 2004).

Balanced growth was observed in cold
genotypes. Cold resistant genotypes (for exampldRXA
NERICA8 and NERICA7) were noted with longer thanm

radicle length under 18, whereas NERICA4 recorded the

113

organic osmoprotectant solutes. These include swg1ah as
trehalose, amino acids such as proline, fully Nhmleamino
acids generally known as betaines and polyaminel as
putrescine, spermidine and spermine. So the above
mentioned cold tolerant genotypes may have these
osmoprotectant solutes and also may be used asesotir
breeding cold tolerant rice program, since it alotlvem to

be used as genitors in crosses, as well as traofséesirable
characters to adopted genotypes.
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