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ice (Oryza sativa L.) is the staple food for more than half of the world population.

Worldwide, rice is annually grown on 167 million hectares with a production of 782
million tons (MT) of paddy, out of which 90% of rice is grown (146 million hectares) and
produced (705 MT paddy) in Asia (FAOSTAT, 2018). In India, rice is most commonly
grown by transplanting rice seedlings into puddled soil (wet-tillage). Both transplanting and
puddling, however, require a large amount of water, labour, and energy. All these resources
are becoming increasingly scarce, making rice production more expensive and less profitable.
Weedy rice can cause a yield loss of 60% under moderate infestation (15-20 panicles of
weedy rice per m?), 80% under high infestation (21-30 panicles of weedy rice m) and 100%
under heavy infestation.

Weedy rice and its hypothesis of origin

Weedy rice can also be referred to as red rice due to the presence of a red pericarp not often

witnessed within the cultivated rice. Weedy rice share common gene pool with cultivated rice

making them morphologically similar to cultivated rice but have high seed shattering and

differential dormancy, making them difficult to control weeds in the rice fields. Some of the

unfavorable traits possessed by weedy rice are long culm lengths, high tillering capacity, light

leaf color, weak culms, red pericarp, highly shattering seeds, and high degree of seed

dormancy (Shresta et al., 2019). It is difficult to control weedy rice because they mimic

cultivated rice morphologically, biochemically, and physiologically. Depending on the

amount of infestation, weedy rice can cause yield losses varying from 50 to 60 % under

moderate infestation to 70-80% under heavy infestation. Broadly, it can be detailed as a

weedy population of genus Oryza that

> It is similar to cultivated rice but has greater seed dormancy and longevity, high
susceptibility to seed shattering, and red pigmentation of pericarp

» Grows unintentionally and vigorously in and around cultivated rice and it is very diverse
phenotypically and genotypically is highly competitive and difficult to control

» Reduces farmers’ income by reducing grain yield, quality, and profit.

Wild rice is the species of genus Oryza, including the progenitors of the two
cultivated rice species that grow in largely undisturbed areas. However, some wild rice
species, particularly those of the O. sativa (AA) complex (i.e., O. rufipogon, O. barthii and
O. longistaminata) and three species of the O. officinalis complex (i.e., O. punctata, O.
latifolia and O. officinalis), have become invasive and these are very troublesome weeds in
rice and other cropped areas.

The genus Oryza includes more than 20 wild species but only two species Oryza
sativa (Asian rice) and Oryza glaberrima (African rice) are domesticated. Weedy rice (O.
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sativa f. spontanea) is taxonomically classified as the same species as cultivated rice. Apart
from O. sativa f. spontanea, the wild ancestors of cultivated rice, such as Oryza rufipogon
Griff., Oryza barthii A. Chev., and Oryza nivara S.D. Sharma & Shastry, are important weeds
in various rice-growing regions.

The literature reveals three major hypotheses of weedy rice evolution/origin (Figure
01). Hypothesis 1: through a continual process of gene flow between cultivated rice and its
reproductively compatible wild populations, which leads to natural hybridization. Hypothesis
2: through a process of “de-domestication” of cultivated rice to weedy rice. Hypothesis 3:
through direct adaptation of wild rice to continuous habitat disturbance, along with
domestication of crop species.

Cultivated Rice Wild rice

1T

De- I

domestication Hybridization

l

Weedy rice

Adaptation

Fig. 01: Three hypotheses for the origin of weedy rice

Dispersal of Weedy Rice

Weedy rice spreads rapidly from infested fields to new non-infested areas. Knowledge of the
sources responsible for the dispersal of weedy rice can help in preventing its spread to non-
infested areas (Rathore et al., 2013). The major dispersal mechanisms of weedy rice are
summarized in below given Figure 02.

Biology and adaptive evolutionary characters of weedy rice

Emergence of weedy rice: Weedy rice emerges faster than cultivated rice and develops
vigorous root systems; thus, it is highly competitive with cultivated rice for nutrients, light,
water, and other plant growth resources (Saha et al., 2014). Its emergence depends on soil
texture, soil moisture, seed burial depth, tillage methods, and soil temperature. Emergence of
weedy rice decreases with increases in seed depth in both moist and flooded soil conditions.
The maximum emergence of weedy rice was from 0-5 cm and then it declined with increases
in depth and ceased at 10 cm.

Seed dormancy: Weedy rice seeds are often associated with dormancy. The duration of
dormancy varies with ecotype and storage conditions and can range from a few months to a

few years. Environmental conditions during seed

development and storage conditions (moisture and Contaminated

temperature) can affect the duration of dormancy. l‘

It is observed that the loss of dormancy in weedy Storater ‘

rice was rapid at 6-14% moisture content and very v - Weedy (| ommmi

low at moisture content <5% and >18%. About 10 rice

epistatically interacting dormancy-related QTLs e

have been identified in weedy rice co-localized chAGE H gt Flooding

with genes for shattering, pericarp color, and

flowering time. Fig. 02: Sources of weedy rice spread or

movement from infested areas to new areas
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Seed shattering characteristics
Heavy and early seed shattering is a major reason for the dispersal and distribution of weedy
rice. Seed shattering behaviour is biotype specific and varies from a few days to a few weeks.

Flowering

Flowering in weedy rice is dependent on day length, plant age, and biotype. The flowering
period range of weedy rice (8-93 days) is usually longer than that of cultivated rice (7-22
days) and floret opening is also longer by 1 hour, which leads to cross-pollination in some
weedy rice biotypes. Early flowering and taller plants of weedy rice may lead to a prolonged
reproductive phase.

Weedy/wild rice Species in India
Weedy rice’s origin in India is as old as the cultivation of rice since it occupies a special
position in the Vedas from ancient times. Many weedy and wild relatives of rice are present
in the rice-growing areas of India (Table 1) as India is considered the centre of origin of
cultivated rice. Weedy rice has been classified into two groups corresponding to indica and
japonica cultivars; each of these groups was further classified into resembling either
cultivated rice or a wild type.

Knowledge of wild and weedy relatives of rice present in India and their possibility of
hybridization with cultivated rice can be useful in devising management strategies for weedy
rice, especially in the era when herbicide-resistant rice cultivars have been developed.

Management of Weedy Rice

Weedy rice is very difficult to control with a single method and an integrated weed
management (IWM) strategy is needed for its effective control. IWM consists of preventive,
cultural, chemical, mechanical, and biotechnological approaches are given below in figure
03.

Table 1: Major Oryza species found in India with their genomes and nature of weediness.

Oryza sativa AA Cultivated
O. rufipogon AA Weed
O. nivara AA Weed
O. sativa f. spontanea AA Weed
O. eichingeri BBCC Weed
O. malampuzhaensis BBCC Weed
O. officinalis CC or BBCC Weed
O. granulata GG Weed
O. meyeriana GG Weed
O. indandamanica GG Weed
O. ridleyi HHJJ Weed
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Fig. 03: Life cycle and integrated control measures at different life stages of weedy rice
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Conclusion

Weedy rice will likely emerge as a major problem in rice with increases in the adoption of
DSR in India owing to the rising scarcity of labour and water. Weedy rice belongs to the
same genus (Oryza) as cultivated rice and is an important weed in DSR production areas.
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