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ABSTRACT 

The chromosomal structure, crossability, hybrid seed viability and mor
phological features of four species of genus Oryza believed to be mdigenous to the 
region were studied. Except for tetraploidy in 0. minuta, no other marked kar
yological difference was found among the various species. Inteupecific crosses 
and hybrid seed viability were good only in certain combinations while the four 
species were more or less distinct morphologically. Based on the foregoing criteria, 
the Oryza species were cbssified into two regional groups. 

Introduction 

The genus Oryza is presently known to consist of some 21 or more species 
distributed in different parts of the tropical and sub-tropical regions. Two economic
ally important crop plants belonging to this group are the so-called Asian rice ( 0. 
sativa L.) and African rice (0. glabe"ima Steud.) The rest of the Oryza species 
are glass-like wild rices. The cytogenetic relationships among the cultivated and 
wild rices have been the subject of great interest among many plant investigators 
during the last 80 or so years in relation more or less to the origin of the staple 
crop species and understanding of a number of problems related to their improve-. 
ment such as occurrence of intra- and interspecific sterility and the frantic search 
for new and useful germplas.m needed for rice breeding work. 

While previous studies on species interrelationships in the Oryza group 
have mostly dealt with plants occurring in distant geographical habitats, a regional 
approach might provide a more meaningful and undoubtedly less speculative 
analysis of the problem. The ancestors of present taxa then growing sympatrically 
at some given time invariably had a better opportunity for gene exchange then be
tween those found in very distant lands. Many recent workers have recognized 
the important influence of environmental conditions in the success of interspecific 
crosses and their hybrids. 
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Materials and Methods 

The four species of genus Oryza used in this study were the Australian wild 
rice (0. australiensis Donlin .), 0. officina/is Wall . ,  0. sativa Linn. ,  and the Philip
p ine wild rice ( 0. minuta PresJ.) Seeds of these species were originally obtained 
over a period of years from the international Rice Research Institute in Los 
Banos, Laguna through the kindness of Dr. Te-Tzu Chang and Nat ional Institute 
of Genetics in M isima , Japan. For 0. sativa L., variety Peta, an indica rice was 
used . Seeds of a fifth species, 0. schleclzterii Pilger, reportedly an inhabitant of New 
Guinea , were not available for the study. Seeds of the four species were sprouted 
on moist tissue paper in petri dish and t ransplanted in pots at the Botany Experi
mental Garden, U.P. Diliman, Quezon City. Urea fertilizer was applied one week 
after tansplanting. Reciprocal crosses were made following the hot water emascu
lation method. The florets were bagged after artificial pollinat ion. Data on cross
ability and hybrid seed viability were obtained. Karyological analysis was done on 
selected metaphases in root-tips of germinating seeds of the four species employ
ing a modified squash technique using aceta-carmine stain. Microscopic me:lsure
ments were done with a micrometer and photomicrographs were magnified about 
20,000 times. 

Results and Discussion 

Karyological features. Data on chromosome nun1ber, total du01nosome 
length, chromosome n1orphology and number of satellites are shown in Table 1 .  

Three diploid species such as 0. australiensis, 0. officinalis and 0. sativa were 
found to have the same chromosome numbers of 2 N=24, while 0. minuta, a tetra
ploid . has 4N=48. The results of the present cluomosome counts  confirm those of 
earlier reports (Rau, 1 929;  Sampath and Ramanathan, 1 949 ; Hu, 1 964) based on 
root-tip examinations. Although chromosome counts have a lso been made on meio
cytes, particularly the pachytene stage where chromosomes are reportedly much 
longer and bigger than the 1nitotic figures (Morinaga, 1 964 ; Shastry, 1 964; Shast ry 
and Rao, 1 96 1 :  Li et al. , 1 963) meiotic chromosomes do not stain very well and 
their centrometric attachments cannot be clearly located (Hu, 1 964). A previous 
attempt by Yao, et a!. , ( 1 958) to analyze cryptic structural hybridity in intervarietal 
crosses using pachytene analysis did not succeed reportedly because of the diffi
culty of locating the centromeres. The mitotic genome, on the other hand, reflects 
the true somatic chromosome number d irectly, espedally with the availability 
of suitable techniques some of which nowadays require very minimal pre-staining 
t reatments (Marks, 1 973). 

Total chromosome lengths in the three diploid species ranged from appfo
ximately 36.2-4 1 .3 micra . The d ifferences in total chromosome lengths did not vary 
much from species to species although the chromosomes of 0. sativa appeared to  be 
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Materials and Methods 

The four species of genus Oryza used in this study were the Australian wild 
rice (0. australiensis Domin.), 0. officina/is Wall., 0. sativa Linn. , and the Philip
pine wild rice ( 0. minuta Presl.) Seeds of these species were originally obtained 
over a period of years from the International Rice Research Institute in Los 
Banos, Laguna through the kindness of  Dr. Te-Tzu Chang and Nat ional Inst itute 
of Genetics in Misima, Japan. For 0. sativa L. , variety Peta, an indica rice was 
used . Seeds of a fifth species, 0. schlechterii Pilger, reportedly an inhabitant of New 
Guinea , were not available for the study. Seeds of the four species were sprouted 
on moist tissue paper in petri dish and transplanted in pots at the Botany Experi
mental Garden, U.P. Diliman, Quezon City. Urea fertilizer was applied one week 
after tansplanting. Reciprocal crosses were made following the hot water emascu
lation method. The florets were bagged after artificial pollinat ion. Data on cross
ability and hybrid seed viability were obtained. Karyological analysis was done on 
selected metaphases in root-tips of germinating seeds of the four species employ
ing a modified squash technique using aceta-carmine stain. Microscopic rneasure
ments were done with a micrometer and photomicrographs were magnified about 
20,000 times. 

Results and Discussion 

Karyological features. Data on chromosome number, total cJu-omosome 
length, chromosome n1orphology and number of satelJites are shown in Table 1 .  
Three diploid species such as 0. australiensis, 0. officina/is and 0. satilla were 
found to have the same chromosome numbers of 2N=24, while 0. minuta, a tetra
ploid , has 4N=48. The results of the present chromosome counts cont1rn1 those of 
earlier reports (Rau, 1929;  Sampath and Ramanathan, 1 949� Hu, 1 964) based on 
root-tip examinations. Although chromosome counts have also been made on meio
cytes, particularly the pachytene stage where chromosomes are reportedly much 
longer and bigger than the mitotic figures (Morinaga, 1 964 ; Shastry, 1 964; Shastry 
and Rao, 1 96 1 :  Li et al. , 1 963) meiotic chromosomes do not stain very well and 
their centrometric attachrnents  cannot be clearly located (Hu, 1 964). A previous 
attempt by Yao, et al. , ( 1 958) to analyze cryptic structural hybridity in intervarietal 
crosses using pachytene analysis did not succeed reportedly because of t he diffi
culty of locating the centromeres. The mitotic genome, on the other hand, reflects 
the true somatic chromosome nun1ber directly, especially with the availab ility 
of suitable techniques some of which nowadays require very minimal pre-staining 
t reatments (Marks, 1973). 

Total chromosome lengths in the three diploid species ranged from appfo
ximately 36.2 -4 1 .3 micra. The differences in total chromosome lengths did not vary 
much from species to species although the chromosomes of 0. sativa appeared to be 
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Table 1 .  Some karyological features of four Oryza species 

Soma tic Total No. of chromosomes 
chromo- chromosome No. 

Species some length Median Sub- Telo- of 
No. (micra) median centric satellites 

0. australiensis Domin. 24 4 1 . 8 ± 0.56 1 0  1 0  4 2 
0. officina/is Wall 24 39.5 ± 0.72 1 0  1 0  4 2 
0. sativa Linn. 24 36.2 ± 0.8 3 1 0  1 0  4 2 
0. minu ta Pres!. 48 3-4 

slight ly smaller than those of 0. australiensis and 0. officino.lis. This observation 

appears to support t he view that 0. sativa is probably a more recent derivat ive than 

0. australiensis and 0. officina/is since long chromosomes ind icate a more ancient 

origin (Soriano, 1 985).  The domestica tion of 0. sativa had probably to wait for the 

occurrence of some gene m utat ions in t hese or other wild rices for such charac

ter. as large gra ins, non-shattering panicles, un iform maturi ty and other fea t ures 

of value to man. 

Measuring, much less iden t ifying, t he ind ividual chromosomes of the four  
Oryza species was not presen tly poss ible inspite of t he recent  encouragements 

from Khan ( 1 975)  as well as Kurata and Omura ( 1 978). d ue n1ainly to  the very 
small chroma t ic figures and absence of suitable chromosome landmarks or m arkers. 

Exceptions were the longest chromosomes (Chromosome 1 )  shortest chromosomes 
(Chromosome 1 2), and a pair of satellited chromosomes (Chromosome 1 0) in the 

three diploid species which with lmending patience could be handily identified 

from the many mitotic figures. Li et al . .  ( 1 963) reports having encountered a similar 

predicament  with mitot ic chromosomes of Oryza species. A similar d ifficulty of 
ident ifying individua I chromosomes of 0. sativa due to absence of suitable markers 

was previously encountered some '27 years ago (Soriano, 1 959) in connection with 

t he ident ifica t ion of chromosomal segmen t s  involved in interchanges in X- irradia ted 

material. On t he other hand, Shastry et a/. , ( 1 960) encouraged t he adoption of 

pachytene analysis on t he Oryza species. 
1 t  was not likewise possib le to determine t he total chromosome length of 

0. minuta which has twice t he nun1ber  of chromatic figures even in the slightly 

en]a rged m itotic cells of t he tetraploid, both in materials that were pre-treated and 

not pre-treated with colchicine. 

Regarding chromosome morphology, no apparent  di fference was found in 

t he form or shape of the chromosomes in the three d iploid species. In well-spread 

out and sta ined metaphase ce l ls .  there were 1 0  V-shaped or mctacent ric chromo

somes w ith  med ian centromere inserlions, 1 0  J-shaped or acrocent ric chromosomes 
with sub-median cent romeric positions, and four rod-shaped chromosomes with 

more or less terminalJy at tached centromcres. The number and at tachment of the 
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two satellites appeared somewhat similar in the three diploid species, each satellite 
being at tached to or near the tip of a short chromosome (Chromosome 1 0) by a 
relat ively long and distinct stalk. In  a previous paper, Kurata and Omura { 1 982) 
reported similar chromosome lengths and centromere locations in 0. offici111llis and 
0. sativa. In the tetraploid species, 0. minuta, from three to four  satellites were 
found in root-tip cells. As a good majority of the metaphases had four satellites 
each, it was assumed that one of the satellites in the other cells may have been 
accidentally deleted. 

Crossability between species 

Table 2 shows the degree of crossability of the four species as percentage of 
successful crosses. Six reciprocal crosses were made. which in most cases produced 
grains bearing features of one parent or a combination of both parents, except 
when 0. sativa was the ovule parent when the hybrid seeds exhibited mainly the 
characteristics of cultivated rice. Deformed or empty caryopses were not considered 
good grains. Where the pistillate parent had the shattering character, as is the case 
with all the wild rices, care was observed to avoid any loss of grains by bagging the 
panicle. 

Based on the data, the cross 0. officina/is x 0. minuta was the most compati
ble or crossable combination while 0. australiensis x 0. officina/is was the least 
successful, with only about 2 .59% of the crosses producing good grains. U et aL, 
( 1 963) successfully crossed 0. australiensis with 0. officina/is and other wild rice 
species but seed viability was similarly very low. In the cross between 0. sativa 

Table 2 .  Crossability and hybrid seed viability in four Oryza species 

Total % No. of % 
Reciprocal crosses Total good cross- vil:zb/e germ ina-

crosses grains ability seeds tion 

0. australiensis x 
0. o fficinalis 1 1 6 3 2.5 9 0 

0. sativa x 
0. australiensis 1 45 1 6 1 1 .03 3 1 8.75 

0. australiensis x 
0. minuta 1 22 4 3.24 0 

0. sativa x 

0. officina/is 1 3 3  2 1 .50 0 

0. officina/is x 

0. minuta 1 04 1 1  10.57 4 36.36 

0. sativa x 
0. minuta ] 47 8 5 .44 0 
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and 0. nzinuta, grains were formed only when cultivated rice was the pistilJate 
parent. Tltis is believed due to differences in floral structure where 0. minuta 
has very small spikelet parts. 

The capacity of two species to cross and produce hybrid seeds is invarjably 
an indication of close genetic affmity between them. The integrity of species is 
a fundamental and universal concept and even among very closely related species, 
only a low degree of crossability is expected. It is probable that crossability is 
dependent on a number of morphological, physiological and genetic barriers be
tween the two parental species. Closely related species in general would have fewer 
of these differences than d istantly or completely unrelated fonns. 

In the four Oryza species, the percentage of successful crosses after artificial 
pollination ranged from approximately 2.59- 1 1 .03%. Natural hybridization would 
probably be radicaUy less successful considering possible differences in pollen 
dehiscence and various barriers to fertilization and embryo formation. A cross
ability value of less than 1 0% would probably considered low under artificial 
hybridization as most of the unfavorable influence of envirorunental conditions 
have been minimized or entirely avoided. 

Hybrid seed viability 

The seed vjability data (Table 2) may be used to indicate further the genetic 
affinity between two parental species. The capacity of a hybrid seed to gern1inate 
is undoubtedly related to the degree of cross compatibility between the two 
parents. None of the F 1 hybrid seeds resulting from the cross 0. australiensis x 0. 

officina/is was viable. Shastry et al , ( 1 9 6 1 )  found the F 1 hybrid plants from such 
cross to be completely sterile. 

I f  an average of 1 4.6% germination of hybrid seeds is considered low (Mori
naga, 1 943), hybrid seed viability of about 1 8 .75% from crosses of 0. australiensis 
x 0. sativa and 36.7 6% from 0. officina/is x 0. minuta are indeed good indications 
of genetic affinity between the parental species. With very low percentages of ger
minable hybrid seeds in most of the interspecific crosses, it is likely that much of 
the variability existing among these rices are probably due more to mutation than 
gene exchange. Mutations occur continuously in somatic and reproductive cells and 
may have accun1ulated throughout the long period of time the species has existed. 
Their perpetuation and expression of their phenotypic effects are undoubted 
subject to the var�ous forces of natural selection. 

Morphological features 

The main vegetative features of the four Oryza species are shown in Table 
3 .  The four species are phenotypically distinguishable by their growth habits. 
0. australiensis is a medium-sized plant with spreading purplish culms and long
peduncled panicle ; 0. officina/is is a relatively low, sparse plant with a few spread
ing light-green culms bearing slender panicles with brittle peduncles; 0. sativa is a 
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tall green plant with many erect culms and leaves, compact panicles and large 
grains, and 0. .minuta is a very low-growing plant with radiating, almost procum
bent, culms bearing dark-green leaves, fine panicles and very s1nall spikelets. In a 
study of species interrelationships in Genus Oryza, Oka ( 1 964) suggested that 
species resetnbling each other morphologically are highly correlated genetically. 

Only 0. sativa has compact and non-shattering panicles while all the wild 
rices have heavily shattering panicles. No sooner has a grain of wild rice attains 
a grayish or blackish color upon maturity than it falls to  the ground with the slightest 
movement of the panicle. Thus, a wild rice panicle eventually becomes bereft of 
its grains as the plant approaches maturity. Indeed, the non-shaterring character 
of cultivated rice is probably one of the most important mutations that occurred 
in the origin of the staple crop. An1ong the three wild rice species, 0. australiensis 

produced the biggest grains while 0. officina/is and 0. minuta gave the smallest 
grams. 

In a paper on the origin of cultivated rice, Richharia ( 1 960) points out that 
some primitive features in genus Oryza are a diploid genome, long stamen, large 
ligules, tall plant growth, perennial habit, large leaves, long spikelets, pigmented 
st igma, marked trichomes and awns and wide geographical distribution. Based 
on these criteria, 0. n1inuta would come out as a relatively recent form. Morinaga 
( 1 943) classified 0. minuta and other species as members o_fSection Sativa Roschev. 
of genus Oryza based mainly on morphological similarities such as presence of 
intersecting rows of small tubercles in their flowering glumes and the Hnear
lanceolate shape of their empty glumes. However, n1any other species groupings 
in genus Oryza were based solely on genome analyses determined fr01n chron1o· 
some associations in the F1  hybrids (Katayama, 1 966 · Oka 1 964; Shastry, 1 964 ; 

Table 3 .  Some vegetative features of four Oryza species 

Plant features 0. australiensis 0. officina/is 0. sativa 0. mfnuta 

Growth habit Medium plant, Low plant, Tall plant, Very low 
many spreading sparse growth, erect culms plant with 
cuhns spreading cuJms and leaves radiating 

culms 

Culms 
Lenhrth range (em .. ) 35-50 5 0-30 55-75 1 0-25 
Diam. range (em) 6-10 3-5 8-1 5  3- 5 
Angle Open Open Erect Spreading 
Color Purplish Light-green Green Dark-green 

Leaf blade 
Length range (em.) 36-48 1 0-20 35-62 10-24 
Width range (em.) 1 0- 1 8  4-8 1 4-20 5-8 
Color Purplish tips Light-green Green Dark-green 
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Sam path and Rao, 1 95 1  ). This aspect of the interspecific relationships of the four 

Oryza species is under study and will be presented in future reports. 

Regional species groups 

Although the genus Oryza is world-wide in distribution, much of the uncer
tainties in species interrelationships are probably d ue to features which have un

doubtedly been brought about by selection factors typical of the geographic 

region of their origin. The data on somatic chromosomes, crossability, hybrid seed 
viabili�� and morphological features presented above indicate that although species 

d ifferences occur a!fd are profound enough for them to retain their individuality 
and integrity as species, they possess certain vital similarities and affinit ies that 
will allow their being classified into regional groups. Their sympatric existence 
for long periods of t ime has no doubt played a major role in pre�rving common 
morphological features as they have been more or less subjected to similar forces 
of natural selection. They possess a certain degree of crossability and germinability 
of their hybrid seeds that have more or less allowed a certain amount of gene 

exchanges between the different species. 
The four Oryza species are thus classified into two groups based on the fore

going criteria, as follows: 

Regional Group I :  0. australiensis 
0. sativa 

Regional Group I T :  0. officina/is 
0. minuta 

Table 4. Reproduct ive structures of four Oryza species 

Reproductive 0. australiensis 0. officina/is 
structure 

Pa njcles 
Type Open Open 
Size Long Short 
Shat tering Shattering Shancring 

SpikeJets 
Length range ( m in. ) 4-5 3-4 
Width range (mrn.)  3-6 2-3 

Grains 
Co lo r Black Rlack 
Aw n length Long Med ium 
1 00-grain wt.  4-6 2-3 

(gm.) 

0. satil!a 0. minuta 

Compact l nterrncd iatc 
Medium Short 
Non-shatt erin.g Shattering 

J 0- 1 2  2-3 
4-5 2-3 

B rown B lack 
/\w nJc Lo ng 
6-8 2-3 
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As no major  karyological difference was found among the diploid species, 
the main criteria for t he above relatiqnships are crossability, germinabil1ty o f  

hyb rid seed s and sin1ilar tnorphologica l features. Th us, 0. australiensis a nd 0. 
officinaiis belong to different groups d ue to their low percent age of crossability,  
inviability of the i r  hybrid seeds a nd djstinctly differe nt  morphologica] feat ures. 

Using the sa1ne measures, 0. officina/is anti 0. minuta gave a relatively lugh per� 

ccn tage of crossability of 10 .57% and high viability of t heir hybrid seeds .  More

over, they are rnorphologically alike in panicle size and grain size. 
The two regionai groups given above were found to foDow those proposed 

by previous workers (Morinaga, 1 964: Sa1npath and Rao , 195 1 � Rjr.hharia, 1 960 ; 
Katayama, 1 966) based mainly on genmnjc analysis where 0. australiensis and 
0. sativa 'Nerc placed under the Sativa group of genus Oryza wlille 0. officina/is 

and 0. rmnuta, the Officina/is group. 

Summary and Conclusions 

1 .  The number and rnorpho logy of ch.ron1osomes of t luee diplojd species. 
0. australiensis. 0. oj]'icinalis and 0. sativa were found to be essen1 ial1y alike whlle 
0. rninuta is a tetraploid w ith 4N=48 . 

2 .  A relat ively high percentage of the crosses, 0. australiensis x 0. sativa 

and 0. officina/is x 0. minuta. produced good seeds while other cross contbinations 

gave a low seedse t .  
3 .  Hybrid seed viab ility froJn the cross 0. australiensis x 0. sativa and 0. 

rninuta x 0. officinalis was relat ively high while seeds frmn other cross con1bi
na tio ns were not viable .  

4 .  I n  vegetative and reproductive feat ures. plants of 0. australiensis and 

0. sativa resembled each other n1orc t han those of 0. officina/is a nd 0. minuta 

which likewise appeared sirnilar .  

5 .  The use o f  chron10somal st ructure crossability, seed viability and nlor

phological features in determining possible affinity among the four species is 

briefly d iscussed.  
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