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Abstract

BACKGROUND: The Ministry of Agriculture, Food and
Rural Affairs is promoting agri-environment conservation
program to induce farmers to participate in agricultural
environment improvement and conservation activities.
However, assessment tools based on scientific evidence are
needed to determine the effectiveness of the program
objectively and quantitatively. Therefore, this study was
performed to develop plant indicators in order to efficiently
evaluate the effects of the agri-environment conservation
program promoted by the Ministry of Agriculture, Food and
Rural Affairs.

METHODS AND RESULTS: The survey was conducted in
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five regions (Hampyeong, Boryeong, Mungyeong, Hongseong,
and Sangju) participating in the agri-eonvironment con-
servation program. In each region, twenty paddy fields were
investigated (ten paddy fields included in the program and
ten paddy fields not included in the program). A total of
231 taxa vascular plants were identified in the paddy fields
that were included in the agri-environment conservation
program, and a total of 177 taxa were identified in the paddy
fields that were not included. The average species number
occurred on each field was 55.8 taxa in the fields included
in the program, and 35.0 taxa in the fields not included in the
program. The difference in occurring plants between two
groups was found to be more higher in perennial plants than
in annual plants. We selected the six groups as indicator
plants through five criteria such as perennial plants and
broadly occurring species, etc. to verify the effectiveness of
the agri-environment conservation program: Taraxacum
spp., Ixeris spp., Viola spp., Platago spp., Calystegia spp.,
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and rare and endagered species. There was a high positive
correlation between the score calculated using these
indicator plants and the total number of plants species.
CONCLUSION: This study suggests that it is possible to
evaluate the agro-ecological environment by using indicator
plants. The selected indicator plants can be effectively used to
verify the effectiveness of projects such as agri-environmental
conservation programs in the future.

Key words: Agri-environmental Conservation Program,
Assessment, Biodiversity, Indicator Plants, Perennial Plants

aH7PI‘*1 ﬁgwyg = M oﬂok& s &4013}[51

wfz}% Zo17) 18l A, 2
B9 MBS ZoA Sioke A T %71
Slolet. AYATA 715delt AegEe Pl
urh A2 ekee FVE Sud o &
SITH6-91. B3, A % = AEAE AA A
oV Qe FaF ARl A YsHe I m, EE
A A7 E B B B FANE, FAREE, AT
FE LR Y PR AT AT

olf, &
[10-12].
FUFABERE AU ARFEAEH 5 A2 (16~
20)7e] FUBFBA LRI FAS PAS U8
BAzg g@e oo FolA 71x] A
EXH 23}, FAE BAGN 9w g A A
ol Ehel S e A 9 BA B HoiE
#oh— S A SUR A A ol e SRR o
ol& 9slo] 2018 Ky, 3, £ 3704 FEn
o% APNAL AU, 201990 B, T4, $3,
7, A 7o) BAR O R SARANATR T A% S
vl 5 ARk old FARARALZ el ) AR
tabdel RAR} 7lhEa Qe S, FYaR A
il‘j’uol A(E%drokﬂ il Aﬁ};ﬁg}ﬁ »A Ul 7“/\%01] U]xt
e Aoy PP ow Wk, YHOR S
dixds Aot 2l 71xE wEAel digh Akl s
ul HAo] Q)

r
tlo
o &
ol

[o ME o2 (1 do o of

F
u

Al(

71E, B, o T 3 ARl g A S 54
A71sk Al AEE Bk, W skl 29s HES)

7] STl = Al W W83t AlRte] et Hbe] 4]
BAE o] &2 AREY] Aol W AA] 3 Wstel @
Fede H4d 9 THAHOR B 13, 14].
Ui MY 7= A BAEL Bgd = jlekd =40
2 g 4 i 2qel g H mvkE dEd 5 9

Ae v@AHolT) W, wake] N ARE = A

AEE A
Zojrt. Begk AejAlel ql= 874 wgh \’41?3;} B2 k3
eI = ololA, A siAell =
w7 ARAES FA[15, 16], :Ez
AHI19] & ok AR e tideR
A& Brreted &8s gk =3 AE2
[23, 24], UW][25], =726, 27] 5 Thokst
EE AREEAY AREE I

FAA FES Ao = i g ow FRE
o, 53] = vkl 574A WA 50% ol de AHA
b, 41 tﬁsﬂ AARERE o e} Sad, EA WA,
T4 A3l 71524, ARG B T ohekst e A
25 Ageti28]. olejgt SHeA, T 84 R
woll gk 7} AAZE A ox FRixojol & Fojtk
ATE = AHAES toE A 749849 7|8
= AES ol% }O% i‘ﬁﬂﬁizﬂziz%* AKAe &3

o mo ko rf &

[17], ZA[18],
ggﬂdﬁ A4
22], =gy

0-
o] A %A

|

ZAIX|SH

FARE FHAHRATZ T XLO% sk = 7H Al
nkS $FE(HP), BH(BR), ¥74MG), -S4(HS), &S]l
A 3= S HFig. 1). i‘ﬁﬂﬁl‘ﬂ“ifu a7E v
ap7) $1sto] Zh AlHuREellA ZE ] Fojstal = FA|
o} QIFsk #FEY = IAE A Al }Oﬂv} T4
o7 7} AMulgold PR ATE 7 F e )
A Folstal e “AIZRAE ARESHA ¢l Fx AAS)”
B5S skl i = AR 107) BA g T2 el
ofstA] il AXAE ARSI AxElE FHsL Q=
= AAA 107 BAE do® F 207 BAE FAKRIth
“AZAG AHESHA 43l Jx AA] = AR RAT
ZIFeA MlEdFo R BREY glon, EFel uist nE
21,000 m' 2 50,0009 02 A gt} AZ2AS AR
A W= ARl S oR SdARY, AFHE AR
at] AxE AAsK: W, 7FEEO(FA)S d HxE
AATHE WY, =5 WoE Y, BhE =0F npy
SARE Ao FJ2E AASHE FREEAN] o] A E o
At} AZA AL AHA o7 AES A Z A o2}
A g A0 AE geke, FRE U el 93 F



Plant Indicators for Agri-environmental Conservation Program 171

Fig. 1. Map of survey sites. Paddy fields that participate (white circle) and do not participate (red circle) in
the agri-environmental conservation program. Two-letter codes for each region are explained in the text (BR:
Boryeong; HP: Hampyeong; HS: Hongseong; MK: Mungyeong; SJ: Sangju).
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Fig. 2. The number of plant species occurring on each region (BR: Boryeong; HP: Hampyeong; HS:
Hongseong; MK: Mungyeong; SJ: Sangju). Boxes represent the interquartile range (IQR) of the data;
the median is indicated by the middle bar. The whiskers represent the highest or lowest values up
to 1.5 times the IQR from the hinges. The result of Kruskal-Wallis test; x2=11.691, df=4, p=0.0198.
The small letters represent results of Tukey’s test; a and b are significantly different from each other
(p<0.05) whereas neither a and ab nor b and ab differ significantly (z>0.05).
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Fig. 3. The number of plant species occurring on crop land that participates and does not
participate in the agri-environmental conservation program. Boxes represent IQR of the data; the
median is indicated by the middle bar. The whiskers represent the highest or lowest values up
to 1.5 times the IQR from the hinges. The result of Wilcoxon rank sum test; W=2379.5, p<0.0001.

80 -

70

60 - i +
Participation
] =
50 . No
* = Yes
40 - E Lo -

30

Number of species

BR HP HS MK SJ
Regions
Fig. 4. The number of plant species occurring on crop land that participates and does not participate
in the agri-environmental conservation program by region (BR: Boryeong; HP: Hampyeong; HS:
Hongseong; MK: Mungyeong; SJ: Sangju). Boxes represent IQR of the data; the median is indicated
by the middle bar. The whiskers represent the highest or lowest values up to 1.5 times the IQR
from the hinges. The results of Wilcoxon rank sum test; W=96, P<0.001 for BR; W=100, p<0.001 for
HS; W=96, p<0.001 for MK; W=98.5, p<0.001 for SJ.
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Fig. 5. The number of annual (a) and perennial (b) plant species occurring on crop land that participates
and does not participate in the agri-environmental conservation program by region. Boxes represent IQR
of the data; the median is indicated by the middle bar. The whiskers represent the highest or lowest
values up to 1.5 times the IQR from the hinges. The results of Wilcoxon rank sum test; W=2197, p<0.0001
for annual plant species; W=2310, p<0.0001 for perennial plant species.
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Table 1. The list of plants with 30% over occurrence frequency in crop land participating in agri-environmental

conservation program

Occurrence frequency (%)

Scientific name (Korean name) Participation Non-participation
(n=50) (n=50)
Artemisia indica (%) 94 72
Equisetum arvense (3]X27]) 72 58
Trifolium repens (E7)%) 70 36
Taraxacum officinale (X% 1E2) 70 20
Ixeris polycephala (‘A%&1H) 66 4
Oxalis corniculata (33°1%}) 64 14
Kyllinga brevifolia var. leiolepis (31|7}2]) 64 30
Lobelia chinensis (+97F4) 60 50
Viola mandshurica (FW]4L) 58 20
Plantago asiatica (473°]) 56 10
Paspalum thunbergii (3M3]) 56 4
Ixeris debilis (H5%5HH) 52 20
Achyranthes bidentata (2455 50 32
Calystegia pubescens (M%) 50 18
Rumex japonicus (3=2]74°)) 44 24
Imperata cylindrica (W) 44 10
Schoenoplectus juncoides (£73°]11.3°]) 44 16
Oenanthe javanica (W42]) 36 14
Metaplexis japonica (B}57}2]) 36 30
Carex breviculmis (4 %) 34 0
Cerastium holosteoides var. hallaisanense (FAUEU-=) 32 6
Calystegia sepium (ZHZ) 32 8
Miscanthus sinensis (3+AY) 30 4
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Table 2. Indicator plants for assessing the effects of agri-environmental conservation program

Indicator groups

Species occurred in this survey

Taraxacum spp. T. officinale, T. coreanum, T. platycarpum
Ixeris spp. L polycephala, I debilis, I. chinensis
Viola spp. V. mandshurica, V. patrinii

Plantago spp. P. asiatica

Calystegia spp. C. pubescens, C. hederacea, C. sepium
Rare and endangered species Aristolochia contorta, Ottelia alismoides

Table 3. Regional mean values of scores calculated with indicator species

S Participation Non-participation
cores
BR HP HS MG SJ BR HP HS MG SJ
34 2 43 4.5 2.8 0.9 0.9 1.8 1.2 0.5
a)
Mean (SD) 15 (@11 (0.5) 08  (1.0) (0.9) (0.9) (1.0) (1.0) 0.7)
Minimum 1 1
Maximum 5 3 4 2 3

 Gtandard deviation

70 -

60

50 -

Number of species

40

30 - § .

r’=0.9138, p<0.0001

Score

Fig. 6. The relationship between the mean scores calculated with indicator species and the mean
values of total species number. The gray-shaded area shows the 95% confidence interval for

prediction based on a linear model.
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