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ABSTRACT
Although great accomplishments of in situ conservation have been made during the last decade throughout the world,
there is an urgent need to conduct more targeted research to explore many basic questions about crop wild relatives
(CWR) in situ conservation such as how to better identify and manage the target in situ conservation populations of
CWR. In this study, we performed an extensive field investigation of 201 natural populations or habitats of O. rufipogon, a seriously endangered wild progenitor of cultivated rice in China. Our updated information suggests that: 1) the
majority of the natural populations have been extinct throughout China, which leads to serious fragmentation of the
population system as a whole; and 2) the survived populations have become small in size and thus fragmented within
the population as a result of the loss of subpopulations. To assess the relationships between the biodiversity education
and conservation of wild rice, we employed participatory approaches in the field investigation. Our data indicate that
the continuous rapid decline of biodiversity education seemed closely related to the extinction of wild rice germplasm.
These findings imply the potential necessity and huge challenge for making in situ conservation plans in the future. By
means of our understanding of ecogeography, sociology and culture, and population genetics of the species, we propose
a strategy for selecting in situ conservation locations as well as priority sites for establishing in situ conservation practices in China.
Keywords: In Situ Conservation; Wild Rice; Oryza rufipogon; China

1. Introduction
Although the loss of genetic diversity of crop wild relatives (CWRs) resulting from extinction is receiving increasing attention, the threat of extinction for many species grows ever greater as the whole natural ecosystem
vanish, human populations proliferate, and human-mediated interference increases. It is apparent that complementary approaches to conserve CWRs are required for
effective conservation of a maximum amount of genetic
diversity in a given species. Of the two basic conservation strategies, namely in situ and ex situ conservation of
CWRs, which could maintain their natural processes of
ecology and evolution, has been increasingly recognized
by our current agricultural community. Accomplishments
of in situ conservation have been made during the last
decade throughout the world, however, the majority of
these projects focus on field inventories, ecogeographic
assessment, site selection, or management recommenda*
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tions alone [1]. There is a trend to conduct more targeted
research to explore many basic questions of CWR in situ
conservation, such as how to better identify and manage
the target in situ conservation populations of CWRs. To
reach such goals, comprehensive studies that will combine different disciplines such as ecogeography, ethnobiology, sociology, and population genetics are particularly
needed for those CWRs which occurred in seriously disturbed agricultural ecosystems.
Oryza rufipogon Griff., the progenitor of cultivated
rice O. sativa L., is a perennial plant which is widely
distributed in the tropics and subtropics of monsoon Asia
[2]. The species occurs in eight provinces and/or autonomous regions of China: Guangdong, Guangxi, Hainan,
Yunnan, Hunan, Jiangxi, Fujian, and Taiwan [3]. It is a
valuable gene pool for rice genetic improvement [4-6].
Unfortunately, our previous field surveys indicated that
this species was at the edge of extinction [3,7-9]. In recent years, we conducted population genetic and molecular ecological studies using multiple genetic markers
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to obtain deeper insights into levels, distribution and dynamics of genetic diversity within and among natural
populations of the species from China [3,10-16]. Such
investigations of genetic diversity and population structure within the species may not only help to illustrate the
evolutionary processes and mechanisms but also provide
information useful for developing appropriate and efficient plans for in situ conservation. The causes of genetic
erosion seem relatively well identified in the species [3,
7-9]. Nevertheless, for making in situ conservation management, detailed documentation concerning the rate,
course and impact of the loss, conditions of maintenance
of genetic diversity of the wild species in agroecosystems
at various rural societies, and the identification of relatively exact survival conditions of natural populations, is
still not sufficient. The integrity of the above-mentioned
information undoubtedly forms the basis of selecting in
situ conservation sites as well as their further management in natural habitats.
Using our national field inventories which were jointly
funded by IFS (International Foundation for Sciences)
and IPGRI (International Plant Genetic Resources Institute), we report the extinction or endangered status of the
species as well as rapid declines of biodiversity education of wild rice in China. In addition, the rate and course
of its extinction was further investigated by comparing
with previous field investigations in different time periods. Combined with the population genetic data, we finally propose in situ conservation management strategies
of the wild rice species.

2. Materials and Methods
2.1. Field Inventories and Population Sampling
To determine the range of O. rufipogon in China, specimen collections from the four herbaria were used (Herbarium of Institute of Botany, Herbarium of Kunming
Institute of Botany, Herbarium of South China Institute
of Botany, and Herbarium of Guangxi Institute of Botany). Ecogeographic data including the distribution and
natural habitats were from the published literature [1720]. A total of 201 natural populations or habitats of O.
rufipogon, which were recorded in 1978-1982, were selected and revisited from September to December, 1999.
We employed the same methodology as these studies
performed in 1994-1995. Field inventories have included
extensive representatives of natural habitats of the species in China which cover the broad spectrum of ecogeographic and social and cultural conditions. The basic
characterization of each sites (e.g., types of habitats,
geographic background, major occurring plant species,
etc.) were included in the documentation. Particular attention was paid to the extinct or endangered status of all
Copyright © 2012 SciRes.
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the populations revisited and their affected biotic, abiotic
and human factors. The number of extinct populations
was recorded and survival population size for each
population was measured. Detailed information about the
route and surveyed sites are available on request.
Seed samples and/or young leaves were collected for
the extraction of genomic DNA and development of
DNA banks. For the purpose of ex situ conservation of
the species, live ratoons were sampled and transplanted
in three botanical gardens of the Chinese Academy of
Sciences (CAS): Xishuangbanna Tropical Botanical
Garden (Mengla County, Yunnan Province), Guangxi
Botanical Garden (Guiling City, Guangxi Province), and
Guangzhou Botanical Garden (Guangzhou City, Guangdong Province). Voucher specimens were collected and
preserved at the herbarium (PE) of the Institute of Botany,
CAS. All these materials meet the further needs of genetic diversity studies at morphological, allozyme and
DNA levels, as well as germplasm preservation.

2.2. Biodiversity Education Surveys
In order to explore the relationships between biodiversity
education and the conservation of wild rice, participatory
approaches were used in the field investigations. Information related to biodiversity conservation of wild rice
germplasm was collected from the four agoecological
zones in which the wild rice species is distributed. They
are Guangdong, Guangxi, Hainan, and Yunnan provinces.
Key informants, including agronomists, local farmers,
responsible government officials at different levels, agoenterprise technicians and managers, were interviewed
using questionnaires and participatory methods. For each
province, at least 150 people were interviewed in terms
of biodiversity conservation of wild rice resources.

3. Results
3.1. Rapid Declines in Number and Sizes of
O. rufipogon Populations
A total of 201 natural populations or habitats of O. rufipogon were revisited in southern China. Our field survey
over the whole range of the species (Table 1) suggests a
total of four causes which may result in the extinction
and/or declines of natural populations, as were discussed
in the previous publications [3,7-9]: 1) the complete loss
of the residing habitats; 2) the change of microhabitats
after human disturbance; 3) grazing and cutting grasses;
4) the invasion of alien species in the wild rice communities; and 5) the introgression of rice gene flow.
Obviously, population numbers of the species in all
provinces or regions have been rapidly decreasing since
1978-1982 (Figure 1). Among the 193 populations recorded from 1978 to 1982, only 80 and 75 populations
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Table 1. Field inventory of natural populations of O. rufipogon from China during 1994-1999 (updated and expanded from
Gao et al., 1996; Gao, 1997; Gao et al., 1998)a.
Pop. No.

Geographical localitiesb

Habitats

Extinct (or endangered) status and affected factors

P.1

Longshan, Fugang County, GD

Mountain ponds

Weed invasion and drought

P.2

Hanguang, Yingde County, GDc

Ponds

Reclaimed as fish ponds and plant lotus

P.3

Zhenglong, Zengcheng, GD

Rivers, marshes

Populations are presently taking in situ conservation

P.4

Changling, Boluo County, GD

Streams

The location that was first reported by E.D. Merrill in 1917

P.5

Yonghu, Huiyang City, GD

Deep rivers and shallow streams

No destruction

P.6

Lianhuashan, Haifeng County, GD

Ponds, marshes, rivers

Cattle and sheep grazing

P.7

Donganzheng, Enpin County, GD

Ponds, ditches, streams

Grazing, cutting. Becoming larger in size

P.8

Xicheng, Suixi County, GD

Ponds, rivers

Grazing, cutting. Becoming larger in size

P.9

Raopin County, GD

Ponds, marshes

Grazing, grass cutting

P.10

Huidong County, GD

Ponds, streams

Grazing, grass cutting

P.11

Zhengjiang, Gaozhou County, GD

Ponds, marshes, rivers, ditches

Grazing, grass cutting

P.12

Chishui, Kaiping County, GD

Ditches

No destruction

P.13

Fucheng, Taishan County, GD

Ditches, ponds

Grazing, grass cutting

P.14

Dongan, Zhanjiang County, GD

Ditches

No destruction

P.15

Xinlian, Chongpo, Ledong County, HN

Ponds, streams, marshes

Grazing, grass cutting, reclaimed as rice fields

P.16

Sangongli, Qiongshan City, HN

Ponds, streams, marshes

Grazing, reclaimed as rice fields

P.17

Jiuhe, Tiandong County, GX

Ponds

Planting lotus

P.18

Jiaoqujiang, Qionghai City, HN

Rivers, ponds

No destruction

c

P.19

Yacheng, Sanya City, HN

Ditch, river, ponds

Grazing

P.20

Tangniu, Wenchang County, HN

Ponds

Grazing, cutting grass

P.21

Yanglan, Sanya City, HN

Ditch

Reclaimed as rice fields, road construction

P.22

Huangliu, Ledong County, HN

Ponds

Large population in size, growing in salty water

P.23

Yongfa, Chengman County, HN

Wild ponds

Grazing

P.24

Toudengxiang, Laibing County, GX

Streams

Reclaimed as rice fields

P.25

Wulitang, Siyaxiang, Laibin County, GX

Ponds

Fish culture

P.26

Guzhong, Zhangmu, Guigang City, GXc

Ponds

No destruction

P.27

Balitang, Dayu, Guigang City, GX

Ponds

Reclaimed as rice fields

P.28

Malie, Shilong, Xiangzhou County, GX

Marsh fields

No destruction

P.29

Luxin, Wuxuan County, GD

Streams

Reclaimed as rice fields

P.30

Linci,Silin, Wuxuan County, GX

Streams

Reclaimed as rice fields

P.31

Dongxiangdajiang, Wuxuan County, GX

Streams

No destruction

P.32

Wangnong, Xianfeng, Guiping County, GX

Ditches, marshes

Reclaimed as rice fields

c

P.33

Gongguan, Hepu County, GX

River, ponds

Reclaimed as rice fields; Fish ponds

P.34

Shuyu, Yiongling County, GX

Ditches, ponds

Reclaimed as rice fields; Fish ponds

P.35

Qutao, Fushui County, GX

Ditches, ponds

Reclaimed as rice fields; Fish ponds
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Continued
P.36

Gantang, Bingyang County, GX

Ditches, ponds

Reclaimed as rice fields

P.37

Jiangxizhongxue, Nanning City, GX

Ponds

Grazing, cutting grass

P.38

Natong, Longan County, GX

Ponds, ditches

Grazing, cutting grass

P.39

Jiuhe, Tiandong County, GX

Ponds

Planting lotus

P.40

Pintangcun, Jiangxi, Nanning City, GX

Ponds

Grazing, cutting grass

P.41

Naman,Tianyang County, GX

Ponds, ditches

Reclaimed as rice fields, grazing

P.42

Shililiantan, Tiandong County, GX

Lotus ponds

Extinct. Planting lotus

P.43

Lujiaochong, Tiandong County, GX

Marshes, ditches

Fish culture

P.44

Kangyuanerdui,Tiandong County, GX

Fish ponds, ditches

Fish culture, grazing

P.45

Datangchong, Tiandong County, GX

Lotus ponds

Grazing, cutting grass

P.46

Henjiangcun, Yongning County, GX

Ponds, ditches

Grazing, cutting grass

P.47

Mingcun, Nabizheng, Beise City, GX

Ponds, ditches

Reclaimed as rice fields, grazing

P.48

Tangkoucong, Tiandong County, GX

Ponds, ditches

Grazing, cutting grass

P.49

Maliaotan, Guigang City, GX

Marshes

Extinct. Reclaimed as rice fields, building roads, constructing
houses, fish culture

P.50

Shangshancun, Xiangzhou County, GX

Marshes

Extinct. Reclaimed as rice fields.

P.51

Xinqiaoxiang, Yulin City, GX

Marshes

Extinct. Reclaimed as rice fields; fish culture

P.52

Zhakaoxiang, Hepu County, GX

Ponds

Extinct. Fish culture

P.53

Jiangxi, Nanning City, GX

Wild ponds

Grazing, cutting grasses

P.54

Dalu, Wuxuan County, GX

River

Grazing, cutting grasses

Streams

Grazing, cutting grasses

Ponds

Grazing, cutting grasses

Moutain pond

Extinct. Storing water for human drinking and grazing.

c

P.55

Heping, Tengxian, GX

P.56

Sanli, Shanglin, GX
c

P.57

Jiangzhou, Chongzuo County, GX

P.58

Rendong, Yulin City, GX

Ponds

Reclaimed as rice fields

P.59

Fumian, Yulin City, GX

Low lands

Grazing, cutting grasses and building airfield

P.60

Jiangxi, Nanning, GX

Ponds

Reclaimed as rice fields and road construction

P.61

Changtang, Guigang City, GX

Ponds, marshes, ditches

Grazing, road construction and Reclaimed as rice fields

P.62

Henglingcun, Guigang City, GX

Ponds

Grazing

P.63

Litang, Bingyang City, GX

Ponds

Grazing and fish culture

P.64

Xuanwang, Guiping County, GX

Ponds

Grazing

P.65

Nongtangcun, Tengxian County, GX

Ponds

Grazing and cutting grasses

P.66

Shiya, Laibing County, GX

Ponds

Grazing, cutting grasses, and fish culture

P.67

Bajiaotang, Heping, Gongcheng County, GX

Ponds, ditches

Planting lotus and fish culture

Ponds, ditches, marshes

Cutting grasses

c

P.68

Zhoujiacun, Guilin City, GX

P.69

Lantangqiao, Yongfu County, GX

Ponds

Extinct. Cutting grasses, grazing, and reclaimed as rice fields

P.70

Mandang, Yuanjiang County, YN

Ponds, marshes

Planting lotus and fish culture

P.71

Gasa, Jinghong City, YN

Ditches

Grazing and road construction

P.72

Maizhanzai, Jinghong City, YN

Pond

Fish culture

Copyright © 2012 SciRes.
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Continued
P.73

Manting, Jinghong City, YN

Pond

Populations are presently taking in situ conservation

P.74

Zuimanzai, Jinghong City, YN

Pond

Reclaimed as rice fields

P.75

Manwuazai, Jinghong City, YN

Pond

Reclaimed as rice fields

P.76

Mangong, Jinghong City, YN

Pond

Reclaimed as rice fields

P.77

Rezuosuo, Jinghong City, YN

Pond

Fish culture

P.78

Zhuanwuachang, Jinghong City, YN

Pond

Urban development

P.79

Manyangzai, Damenglong, Jinghong City, YN

Pond

Reclaimed as rice fields

P.80

Manlianshanzai, Damenglong, Jinghong City, YN

Pond

Reclaimed as rice fields

P.81

Mankangwanzai, Damenglong, Jinghong City, YN

Pond

Reclaimed as rice fields

P.82

Chunman Farm, Menghang, Jinghong City, YN

Pond

Reclaimed as rice fields

P.83

Kewenzai, Menghan, Jinghong City, YN

Pond

Reclaimed as rice fields

P.84

Bajiuzai, Jinghong City, YN

Pond

Urban development

P.85

Mandiuzai, Jinghong City, YN

Pond

Urban development

P.86

Mandaozai, Jinghong City, YN

Pond

Urban development

P.87

Poqiangou, Jinghong City, YN

Ditch

Urban development

P.88

Dongyuan, Dongxiang County, JX

Marshes, ponds,
ditches, streams

Reclaimed as rice fields, cutting grasses, and grazing;
Populations are presently taking in situ conservation

P.89

Datanchong, Tiandong County, GX

Ponds, ditches

Grazing

P.90

Jiangyong County, HUN

Ponds

Grazing

P.91

Huli, Caling County, HUN

Ponds, marshes

Extinct. Grazing, and reclaimed as rice fields

P.92

Huxi, Zhangpu County, FJ

Marsh, ditches

Cutting grasses, and grazing

P.93

Taoyuan, TW

P.94

Xinzu, TW

a

Only representative extinct populations have been included in the table; bGD: Guangdong Province; HN: Hainan Province; GX: Guangxi Province; YN: Yunnan Province; HUN: Hunnan Province; JX: Jiangxi Province; FJ: Fujian Province; TW: Taiwan Province; cPopulations historically proposed as in situ conservation sites (Guangxi Exploring Group of Wild Rice, 1981; Dong, 1996).
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Figure 1. The extinction rate of O. rufipogon estimated by the numbers of natural populations. GX: Guangxi Province; GD:
Guangdong Province; HN: Hainan Province; YN: Yunnan Province; JX: Jiangxi Province; HN: Hunan Province; FJ: Fujian
Province; TW: Taiwan Province.
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were found from 1994 to 1995 and in 1999, respectively.
Different provinces or regions, however, exhibited various extinction rates. In Yunnan Province, for instance,
the species was once widely distributed in Jinhong
County. At least twenty-six populations were formerly
reported, but only three existed in 1994 and by 1999 only
two survived. In Guangdong and Hainan provinces, 1182
populations were previously found. Of the ninety-three
populations revisited from 1994 to1995, sixty-five populations had disappeared. For instance, the Yanglan Population of Sanya City, Hainan Province, in which Yuan
and his colleagues [5] first found a Wild Abortive individual to successfully have bred hybrid rice, was seriously endangered in 1995 and finally extinct in 1999. A
surprising situation was also discovered in Guangxi
Province. Among the sixty-eight populations reported
from 1978 to1982, only forty-six populations existed in
1994. Our most recent collecting mission in 1999 found
that the extinction is accelerating and even becoming
worse within the region. For example, the Maliaotang
Population (P49) of Guixian County, the largest population (approximately 28 ha) in China, which was seriously
endangered in 1994, was extinct in 1999. The extinction
of the population in Caling County, Hunan Province, was
reported before 1994 [21]. Kiang (1979) [22] reported
that the only two localities of common wild rice O. rufipogon, in Xinzu and Taoyun, Taiwan Province, disappeared due to the rapid urban development.
The decline in population size showed that those surviving populations have been seriously threatened. Comparing historical records, for example, we did observe
that several populations (such as P7 and P8) become larger in size in 1999 than during 1978-1982 under light
and/or moderate human disturbance. Our field inventory
also suggested that moderate extent of human disturbance seem favorable for the development and expansion
of the populations. However, the majority of the remaining populations were swiftly falling into decay under the
strong pressure of human disturbance. For example, P25
was about 41 acres in size during 1978-1982, but there
were only a few individuals left due to reclaiming the
area into rice fields and fish ponds in 1999. Genetic erosion has been documented by gradual extinction of subpopulations formerly recorded in the most northern
population of the species located in Dongxiang County,
Jiangxi Province from 9 to 5 to 2 in 1980, 1985 and 1994,
respectively [11].

3.2. Rapid Decline in Biodiversity Education of
Wild Rice Germplasms
Ethnobotanical investigations revealed a considerable
decline of biodiversity education of wild rice germplasms.
Copyright © 2012 SciRes.
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Field investigations and collection missions of wild rice
germplasm were fully funded and nationally organized
from 1978 to 1982. A considerable participation has
widely involved by farmers, agricultural scientists of
local, regional and national institutions, and relevant officers at different levels of governments. This became an
efficient way to conduct very extensive biodiversity education of the germplasm during that period. We may
conservatively presume the percentages of persons who
were aware of agricultural values and conservation practices important for wild rice were at least 60% in those
target regions where ethnobotanical investigations were
conducted under the present study. Compared to the estimated level (60%) for Guangxi, Guangdong and Hainan,
and Yunnan provinces from 1978 to 1982, where extremely quick decline of biodiversity education was
found from 1994 and 1995. Of the three regions surveyed
from 1994 to 1995, Yunnan showed the relatively highest
level (30.5%) while Guangdong and Hainan had the
lowest level (10.1%) of biodiversity education. A slightly
higher level (13.2%) was found in Guangxi than in
Guangdong and Hainan. Our data in these regions in
1999 further indicate levels of biodiversity education
continuously decreased at different rates (Figure 2). Although the fastest rate of decline occurred in Yunnan, the
region still kept the highest level (25.6%) in 1999.

4. Discussion
4.1. Why O. rufipogon Is Seriously Endangered?
One of the most important aspects that make a species
endangered is the loss or weakness of its reproductive
abilities. Although our recent investigation were alarming, there is no evidence to directly support the extremely
endangered status of O. rufipogon in China is a genetically endangered species due to the weakness of propagation abilities. The species has a mixed breeding system,
which adaptively changes the proportion of sexual and
asexual reproduction when going from lower to higher
latitudes [23]. Our field observation suggested that it
possess strong vegetable reproduction as well as colonizing growth ability [8]. In terms of efficient dissemination due to diverse breeding system, it is implausible that
the species is endangered because of the weakness of
reproduction weakness. Moreover, O. rufipogon is a predominantly wind-pollinated perennial herb, grows in a
wide geographic range of monsoon Asia and forms a
large population system. Population genetic data showed
that this species has high levels of genetic variability in
comparison with other wild rice species in the genus [21].
The biological characteristics of the species may be favorable for maintaining the high extent of genetic diversity within the species and thus lead to a considerable
AJPS
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Figure 2. The decline of biodiversity education of wild rice germplasm in China based on ethnobotanical investigations. GX:
Guangxi Province; GD: Guangdong Province; HN: Hainan Province; YN: Yunnan Province.

adaptation potential [11-13,16,24]. However, it would be
of great interest to understand the endangered causes and
status of the wild rice throughout its entire range by expanding the investigation out of China and comparing the
data collected from other worldwide geographical regions.
The destruction of natural habitats is the most possible
cause of the endangered status of the species, as was reported in other Asian countries [25-27]. It usually occurs
in permanent shallow water habitats of about 10 - 30 cm
depth. Any direct or indirect destruction of the specific
condition will quickly drive these populations and/or
subpopulations into extinction in the forms of a loss of
genotypes and alleles. However, population declines and
habitat destruction will eventually force it to become a
genetically endangered species. Once most of the former
large populations have been divided into small local
populations, which only consist of few individuals, the
extinction of the populations and/or subpopulations
makes surviving ones grow in seriously fragmented and
thus isolated habitats in the changing agro-ecosystem.
Theoretically, such small populations are subject to genetic drift and inbreeding and thus lead to a reduced genetic variation. In a predominantly outcrossing perennial
species like O. rufipogon, mating events among relatives
and intra-clones may frequently take place and will bring
about a loss of genetic variability as well as a deficit of
heterozygotes [28]. The consequences of genetic drift are
also heightened by the loss of natural selection within
small populations. The potential to adapt to the changing
environment may be seriously diminished as a result of
the high extent of homozygosity in the long run. Our
study on a northern marginal population of the species
provided the evidence that the population genetic structure was changed due to fewer subpopulations of smaller
size [11].
Our field inventories showed that the disappearance of
wild populations might also come from slow elimination
of other aggressive weeds. This was reported previously
Copyright © 2012 SciRes.

in India, Thailand, and other Asian countries [8,27,29,
30]. Two examples of the recovery and/or in situ conservation populations of Taiwan, Hunan, and Jiangxi provinces, China, strongly suggested that population ecological studies are of importance to better understand the
structure and dynamics of the plant communities in
which wild populations will be conserved [31-34].
The genetic assimilation stemming from the introgression of rice gene flow may bring about the extinction of
wild populations. Based on the observation of frequent
introgression of rice gene flow in the populations of O.
rufipogon in Taiwan, China, Oka and Chang [35] proposed that disadvantageous effects of genes of cultivated
rice might tend toward consequent extinction of wild
populations. In light of the fact that the majority of the
populations of O. rufipogon are under strong gene flow
from the surrounding rice fields, more studies on monitoring the influence of genetic assimilation due to rice
gene flow may provide a prerequisite for making in situ
conservation plans [10].
Finally, the decline of biodiversity education has potential impacts on the habitat destruction of wild rice
populations, and thus further lead to their loss. While the
biodiversity education may be helpful to accelerate or
hamper this destruction, one should realize that the tremendous economic & social changes which have been
going through in China seem to be the major reasons for
the loss of wild rice populations. Our preliminary investigation provided the evidence that, to some extent, the
conservation education of rice biodiversity may be related to the loss or declines of natural populations in
given geographic regions. It is likely that the ignorance
of biodiversity conservation often determines the government policies, CWRs management and local farmers’
activities. However, the detailed investigation and evaluation of the impacts of biodiversity education on the conservation efficiency are needed before we could make a
clear argument regarding how and why the decline in
biodiversity education has had a negative effect on the
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conservation of wild rice. The efficiency of conservation
management calls for an extensive participation in the
conservation activities by creating a system of positive
incentives to involve local communities, governments,
and so on, as partners [15]. Therefore, enhancing the
education training of rice biodiversity conservation may
be of significance in the future conservation management.

4.2. Current Conservation Status and Necessities
of in Situ Conservation
Genetic resources of the Chinese O. rufipogon are currently preserved by means of: 1) conventional gene
banks; 2) field gene banks; 3) botanical gardens; 4) DNA
banking; and 5) in situ conservation. In China, ex situ
conservation is still a major method to conserve wild rice
genetic resources from loss by means of the gene banks
and field gene banks [8,10,15]. Up to 4480 seed samples
of O. rufipogon have been collected and preserved in the
gene banks [33]. About 8933 accessions of rhizome
samples have been grown and preserved in two national
field gene banks of wild rice located at Nanning City
(Guangxi Province) and Guangzhou City (Guangdong
Province) (most of them are O. rufipogon) [36]. From
1994, we first transplanted and maintained a number of
collections of O. rufipogon populations at three botanical
gardens of the Chinese Academy of Sciences. These collections are inadequate in terms of the numbers of accessions, but they are of significance in diversity education
rather than germplasm conservation and utilization.
Moreover, the DNA bank of this species was developed
by using 1245 individuals of 47 natural populations in
China [24]. This bank provides the hope to re-introduce
DNA materials into related genotypes or species. However, the regeneration of whole organism or even the
expression of given genes in related genotypes/species
remains extremely difficult [37]. Thus, such a frozenpreserved DNA banking may be used for research purposes of evolution and conservation rather than germplasm preservation. Based on ecogeographic inventories,
some targeted populations are proposed for in situ conservation (Table 2). However, only two sites (Dongxiang,
Jiangxi Province; Zhengcheng, Guangdong Province)
were well preserved [20] (Donghai Song, personnel
communication). Therefore, the development of an in
situ conservation management plan is an unsolved practice in China.
Complementary strategies and technologies are essential to conserve gene resources of CWRs [38], however,
in situ conservation needs particular attention because of
several confronted limitations and problems in the species. First, low seed production limits the collection of
Copyright © 2012 SciRes.

sufficient grains from natural populations and ex situ
grown populations or plants for the regeneration of the
gene banks. We found that populations located at low
latitude regions mainly rely on asexual production and
the proportion of sexual reproduction tends to decrease
as the latitude increase [23]. Similar observations tend to
conclude that vegetable reproduction may be more important than seed reproduction in this species [39,40]. In
addition, it is usually difficult to adequately collect genetically representative samples for ex situ conservation
because of the easily shattering habit of this species.
Very poor seed production was also observed in two ex
situ populations preserved at Xishuangbanna Tropical
Botanical Garden and South China Botanical Garden
(Gao, 1994-1999, personnel observations). Therefore, it
is a time-consuming task to harvest sufficient seed samples from ex situ grown individuals which produce a
small amount of seeds, even if the panicles are carefully
bagged before shattering. The species may have partial
incompatibility, which was similarly reported in another
wild rice species O. longistaminata [41]. Second, genetic
erosion occurs and continues in the gene bank and field
gene banks due to improper storage, confused management, mechanical mixture, or unexpected accidents [8,9].
Because O. rufipogon is mainly an outcrossing species,
fewer used individuals will result in genetic drift and
subsequently the loss of genetic variability when the
preserved accessions are renewed. Maintaining the heterogeneous genetic structure of wild populations is undoubtedly a challenge via ex situ conservation. Finally
and the most important problem is that most natural
habitats of the species were seriously destructed. This
study shows that human activities have led to the extinction of about 38.86% of the populations since 1978 in
China, and thus in situ conservation plans are urgently
required to prevent genetic diversity from further loss.

4.3. Setting Priorities for in Situ Conservation
Although the necessity and significance for making in
situ conservation of agricultural biodiversity are evident,
the scientific bases of in situ conservation are still under
discussion and need to be strengthened. The endangered
Oryza species may be generally identified as being endangered at the population and species levels. For example, O. schlechteri, which exists in only 3 to 4 populations and was rediscovered in Papua New Guinea, is in
the endangered status at the level of species because of
its extreme rarity in comparison with other species [27].
A species like O. rufipogon in this study, however, should
be regarded as the endangered species at the level of
populations owning to serious population declines, although it is widely distributed, genetically heterogeneous
AJPS

862

In Situ Conservation of Wild Rice Populations: A Targeted Study of
Common Wild Rice Oryza rufipogon from China
Table 2. List of O. rufipogon populations having priorities for in situ conservation in China.

Pop. No.

Geographical localities

Rational to conserve

P.1

Longshan, Fugang County, GD

Typical wild rice population

P.2

Hanguang, Yingde County, GD

Northern marginal population in Guangdong Province; extremely endangered but
high genetic diversity

P.3

Zhenglong, Zengcheng, GD

Currently under in situ conservation; with divergence from other populations

P.4

Changling, Boluo County, GD

High education value of wild rice diversity conservation: The location in which wild
rice was first reported by E.D. Merrill in 1917 in China; the location where Y. Ting
collected precious wild rice strain that led to the birth of “Zhongshan 1 Hao” series;
with divergence from other populations

P.5

Yonghu, Huiyang City, GD

Large population with high genetic diversity

P.6

Lianhuashan, Haifeng County, GD

Marginal population; large population with high genetic diversity

P.7

Donganzheng, Enpin County, GD

Large population with high genetic diversity; with divergence from other populations

P.9

Raopin County, GD

Marginal population

P.11

Zhengjiang, Gaozhou County, GD

Large population with high genetic diversity

P.15

Xinlian, Chongpo, Ledong County, HN

Large population

P.16

Sangongli, Qiongshan City, HN

Diverse microhabitats and high genetic diversity

P.19

Yacheng, Sanya City, HN

Southern marginal population

P.22

Huangliu, Ledong County, HN

Large population, potential gene sources of salt tolerance

P.25

Wulitang, Siyaxiang, Laibin County, GX

Large population with high genetic diversity

P.30

Linci,Silin, Wuxuan County, GX

Large population with high genetic diversity

P.37

Jiangxizhongxue, Nanning City, GX

Extremely endangered but with high genetic diversity

P.40

Pintangcun, Jiangxi, Nanning City, GX

High genetic diversity

P.43

Lujiaochong, Tiandong County, GX

Typical wild rice population

P.44

Kangyuanerdui,Tiandong County, GX

High genetic diversity

P.67

Bajiaotang, Heping, Gongcheng County, GX

Extremely endangered

P.68

Zhoujiacun, Guilin City, GX

Typical wild rice population and marginal population

P.70

Mandang, Yuanjiang County, YN

Typical wild rice population with high genetic diversity

P.88

Dongyuan, Dongxiang County, JX

Typical wild rice population and northern marginal population

P.90

Jiangyong County, HUN

Northern marginal population

P.92

Huxi, Zhangpu County, FJ

Marginal population

and potentially adaptive. By means of our understanding
of ecogeography, sociology and culture, and population
genetics of the species, we proposed a strategy for selecting in situ conservation locations (Figure 3) as well
as priority sites for establishing in situ conservation practices in China (Table 2). These sites were selected by
employing the following criteria.
1) Assignment of conservation priorities to larger
populations that harbored abundant gene diversity. The
goal of any in situ conservation management aims to
conserve the utmost amount of genetic diversity and hetCopyright © 2012 SciRes.

erogenous population genetic structure. Assessment of
population genetic structure detected by microsatellite
markers suggested that the greatest amount of the total
genetic variation reside within populations (FST = 0.246)
(Table 3). Therefore, large populations such as P5 and
P7 proposed in this study, which possess high levels of
genetic diversity and are located in the center of genetic
variation, should be more attractive for in situ conservation plans;
2) In order to capture genetic differences that reside
among different populations, the setting of target sites
AJPS
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The survived O. rufipogon
populations

Large populations with high
genetic diversity

Genetically divergent populations
which may represent ESUs

Threatened status, rarity, and
geographic representation

Marginal populations
in situ
conservation
populations
Typical populations which are well
isolated from cultivated rice

The populations occurred under
particular environmental stresses or
unfavorable ecological conditions

Populations with diverse
micro-habitats

Populations with biodiversity
education and germplasm
utilization values

Figure 3. A proposed strategy for identifying in situ conservation sites of O. rufipogon.

should focus on genetically variable populations that
cover the entire ecological spectrum of the species.
Therefore, the large remnant populations with high levels
of genetic variation, such as SLGX (P25), LCGX (P30),
ZXGX (P37), PTGX (P40), KEGX (P44), QSHN (P16),
HFGD (P6), HYGD (P5), LDHN (P15) and GZGD (P11),
from Guangxi, Guangdong and Hainan provinces, should
be more attractive for in situ conservation actions;
3) Assignment of conservation priorities to the populations on the basis of threatened status, rarity, and geoCopyright © 2012 SciRes.

graphic representative. Taking in situ conservation actions for those seriously threatened and/or rare populations are urgent, because they are apt to being extinct
shortly (e.g., P2, 37 and 67);
4) Assignment of conservation priorities to marginal
populations and those populations under particular environmental stresses or ecological conditions. In O. rufipogon, the differences of genetic structure between marginal and central populations, such as fewer heterozygotes and lower genetic diversity in marginal populations,
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Table 3. Mean values of RS (allelic richness), HO (observed heterozygosity), HS (the within sample gene diversity), FIS (the
heterozygote deficit within populations), and FST (the fixation of different alleles in different populations) for each studied
population, different geographic region and general system of the species. Weir & Cockerham’s F-statistic overall values of
FST and FIS for each population are also shown. Statistically significant deviations from Hardy-Weinberg expectations are
indicated by *(P < 0.05), **(P < 0.01) and ***(P < 0.001) (modified from Gao 2004). aBootstrapping over loci at 95% confidence
interval.
Populations

Population No. in
this study

RS

HO

HS

FIS

SLGX

P25

3.9360

0.2000 (0.1073)***

0.7455

0.7320***

HPGX

P33

3.0420

0.1333 (0.0969)***

0.6292

0.7880***

FSGX

P35

3.3690

0.2281 (0.0637)***

0.5963

0.6670***

SYGX

P34

3.4810

0.3667 (0.2658)***

0.7018

0.4780***

DYGX

P27

3.2850

0.2292 (0.1363)***

0.5770

0.6030***

LCGX

P30

3.9540

0.1467 (0.0700)***

0.7398

0.7980***

ZMGX

P26

3.7830

0.1377 (0.1566)***

0.7025

0.8040***

DXGX

P31

2.5660

0.1667 (0.1633)***

0.5000

0.6670***

TDGX

P24

3.5380

0.2895 (0.1689)***

0.6828

0.5760***

LXGX

P29

3.9040

0.2549 (0.1810)***

0.7472

0.6590***

WNGX

P32

3.2340

0.1594 (0.0855)***

0.6210

0.7420***

MLGX

P28

3.2120

0.1733 (0.0826)***

0.6445

0.7280***

GTGX

P36

3.2300

0.2444 (0.0807)***

0.6790

0.6400***

NMGX

P41

3.4470

0.3333 (0.1966)***

0.6653

0.4930***

NBGX

P47

3.1090

0.2222 (0.1721)***

0.6471

0.6570***

YNGX

P46

3.1850

0.2500 (0.2811)***

0.6398

0.6090***

JXGX

P53

2.1670

0.1250 (0.2092)*

0.5695

0.7800***

ZXGX

P37

4.1330

0.3056 (0.2722)***

0.8060

0.6180***

PTGX

P40

3.6650

0.2833 (0.1941)***

0.7526

0.6240***

LAGX

P38

3.6710

0.5000 (0.2449)

0.7042

0.2900**

LJGX

P43

3.0990

0.3148 (0.2759)***

0.6928

0.5460***

DTGX

P45

3.1630

0.2407 (0.1636)***

0.7003

0.6560***

TKGX

P48

3.0000

0.3333 (0.2041)

0.7222

0.5380***

KEGX

P44

4.0010

0.5500 (0.2429)***

0.7683

0.2840***

KSGX

P39

3.8690

0.6042 (0.4044)***

0.7358

0.1790***

GLGX

P45

2.7240

0.2308 (0.2919)***

0.5225

0.5580***

QSHN

P16

4.1620

0.1933 (0.1275)***

0.7793

0.7490***

SYHN

P19

3.0750

0.1053 (0.0815)***

0.6498

0.8370***

QHHN

P18

2.2050

0.2244 (0.3374)***

0.3817

0.4120***

LDHN

P22

3.7390

0.1600 (0.0912)***

0.7345

0.7810***

HDGD

P10

3.6520

0.0833 (0.0835)***

0.7490

0.8890***

SXGD

P8

3.4140

0.1933 (0.1628)***

0.6630

0.7030***
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HFGD

P6

4.5550

0.1667 (0.0927)***

0.8187

0.7960***

EPGD

P7

3.3940

0.2431 (0.1997)***

0.6617

0.6330***

HYGD

P5

4.0850

0.2045 (0.1245)***

0.7695

0.7340***

ZCGD

P3

3.8420

0.1597 (0.0965)***

0.7390

0.7840***

BLGD

P4

3.6600

0.1852 (0.0907)***

0.7002

0.7250***

GZGD

P11

4.4570

0.2419 (0.0860)***

0.8040

0.6990***

FGGD

P1

3.7910

0.2500 (0.0949)***

0.7367

0.6440***

RPGD

P9

2.5010

0.1389 (0.1394)***

0.4870

0.7150***

YDGD

P2

3.6410

0.2917 (0.1021)***

0.7170

0.5920***

DXJX

P88

2.3890

0.0556 (0.0557)***

0.4905

0.8840***

YJYN

P70

3.3270

0.2101 (0.1748)***

0.6213

0.6620***

MTYN

P73

3.3420

0.2083 (0.1772)***

0.6192

0.6640***

GSYN

P71

3.0520

0.2167 (0.1780)***

0.5852

0.6300***

ZPFJ

P92

2.9410

0.1078 (0.0443)***

0.6271

0.8260***

CLHuN

P91

2.5480

0.0750 (0.0524)***

0.5046

0.8440***

3.0740

0.2290***

0.6700

0.6830***

Overall

0.2460***

0.6180a*** (0.7600) 0.1990a*** (0.2970)

may be unfavorable to strong selection pressures and
thus they are apt to become extinct (Gao unpublished).
Thus, marginal populations such as P2, P6, P9, P19, P88,
P90 and P92 of the species, which were found in China
and are under strong ecological disadvantages and human
disturbance, should be given favorable consideration for
in situ conservation management to maintain the integrity
of the gene pool of the species. In addition to marginal
populations, the populations grown under particular environmental stresses or ecological conditions are interesting for in situ conservation as well because they may
provide untapped special sources of resistance genes to
biotic and abiotic stresses to enlarge the genetic basis of
rice breeding programs (such as P22);
5) Assignment of conservation priorities to the typical
wild populations which are well isolated and remote
from rice gene flow. The best-known evolutionary consequence of gene flow of cultivated crops is the tendency
to homogenize population structure [42], and further increases the likelihood of extinction of wild populations
[41,43,44]. These isolated populations where unique alleles and allele combinations are predominant, are of
particular importance in the conservation. Indeed, typical
specimens of O. rufipogon are now rarely found throughout Asia because of extensive hybridization with the crop
[45]. In defining conservation units, the first step is to
Copyright © 2012 SciRes.

identify and protect historically isolated sets of populations within a species [46]. Therefore, several typical
populations well preserved in China such as P1, P43, P68,
P70 and P88 which are isolated out of rice gene flow,
have high in situ conservation values for the purposes of
evolutionary studies and genetic breeding uses;
6) Assignment of conservation priorities to the entire
ecosystem including microgeographical structure. Genetic diversity and differentiation correlates with microgeographic heterogeneities, suggesting that conservation
strategies must consider not only global and regional, but
also, most importantly, local ecological heterogeneities
across a species range [47]. In the case of O. rufipogon,
we found that genetic differentiation predominantly occurs within a local population [14]; and
7) Assignment of conservation priorities to the populations which have values of biodiversity education and
germplasm utilization. For example, P4 (Changling, Boluo County, GD) is the first wild rice population of the
species reported by E. D. Merrill in 1917 in China [48],
and is the location where Ting [49] later collected the
precious wild rice strains that led to the birth of a series
of rice varieties of “Zhongshan 1 Hao”, which were
widely grown in southern China for at least thirty years.
Therefore, making in situ conservation of such a population should have potentials for promoting conservation
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education and germplasm utilization.

4.4. Conclusion and Perspectives for the in Situ
Conservation Management
O. rufipogon is seriously endangered in China, as shown
by three observations in the present study. First, the majority of natural populations have been extinct throughout
China, leading to serious fragmentation of the population
system as a whole; second, the survived populations have
been becoming smaller in size and thus fragmented
within the population as a result of the loss of subpopulations; and finally, the quick continuous decline of biodiversity education seems closely related to the extinction
of wild rice germplasm. These findings imply a potential
necessity and huge challenge for making in situ conservation plans in the future. Therefore, more specific research such as in situ conservation management as well
as CWRs policy is urgently needed. Moreover, it is
equally important to enhance biodiversity education and
create systems of positive incentives to involve local
communities including governments, academic institutions, and farmers as active partners in the efforts to
conserve the species.
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