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The Heading Response and Regional Adaptability of Rice Varieties under the
Temperature and Day-Length Conditions of Major Rice Production Areas in North
Korea

Woonho Yang"', Shingu Kang?, Jong-Seo Choi®, and Dae-Woo Lee?

ABSTRACT The heading responses of rice varieties that originated from South Korea, North Korea, and northern China were
examined under the temperature and day-length conditions of 13 major rice production areas in North Korea. Kenjiandao3 and
Nongdae3 originated from China, Olbyeol, Olbyeo2 and Sonbong9 from North Korea, and Joun from South Korea demonstrated
the earliest heading stage depending on the regional environment. Out of 40 rice varieties, 34 reached the heading stage within the
regional safe marginal heading date (SMHD) under Haeju and Sariwon environmental conditions, while 16 to 17 varieties reached
the heading stage under Wonsan, Changjon, Supung, and Yongyon environmental conditions. Some middle and mid-late maturing
varieties that originated from South Korea reached the heading stage within the SMHD under the temperature and day-length
conditions of Kaesong, Haeju, Sariwon, Nampo, and Pyongyang that are located in the west-southern plain. The majority of early
maturing varieties, but not the middle or mid-late ones, reached the heading stage within the SMHD under the environmental
conditions of Singye, Anju, Kusong, and Sinuiju. Only a few early maturing varieties demonstrated the heading stage within the
SMHD under Yongyon, Changjon, and Wonsan environments. The number of days to heading was highly positively correlated
among all regions; however, it was not consistent among the rice varieties. The 40 rice varieties that had been tested were classified
into seven groups according to their heading responses to the temperature and day-length variations of the 13 regional conditions
at 65% similarity level in cluster analysis.

Keywords : day-length, heading response, North Korea, rice, temperature
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Fig. 1. Location map of the 13 major rice-cropping regions
in North Korea, the daily mean temperature and
day-length of which were simulated in this study. The
values in meter inside parentheses represent elevation.
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Fig. 2. Changes in weekly mean temperature and day-length
for the examined 13 regions in North Korea.
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Table 1. Seed origin and maturity type of the rice varieties

225

00

tested in this study.

No. Seed origin Maturity type Variety No. Seed origin Maturity Type Variety

1 South Korea Early Jinbuol 21 South Korea Middle Alchanmi
2 South Korea Early Baegilmi 22 South Korea Mid-late Sobi

3 South Korea Early Joun 23 South Korea Mid-late Samkwang
4 South Korea Early Jopum 24 South Korea Mid-late Hopum

5 South Korea Early Jinok 25 South Korea Mid-late Saenuri
6 South Korea Early Jopyeong 26 North Korea Early Olbyeol
7 South Korea Early Jinbu 27 North Korea Early Olbyeo2
8 South Korea Early Sanhomi 28 North Korea Early Sonbong9
9 South Korea Early Odae 29 North Korea Early Onpol
10 South Korea Early Haedeul 30 North Korea Early Wonsan69
11 South Korea Early Ungwang 31 North Korea Early Giljul
12 South Korea Early Asemi 32 North Korea Early Pyongdo5
13 South Korea Early Josaengheugchal | 33 North Korea Early Pyongdol5
14 South Korea Early Jinmi 34 North Korea Early Pyongyang43
15 South Korea Middle Cheonga 35 North Korea Middle Pyongyang?1
16 South Korea Middle Cheongpum 36  Northern China Early Jijing88
17 South Korea Middle Haiami 37  Northern China Early Longdao5
18 South Korea Middle Daebo 38  Northern China Early Kenjiandao3
19 South Korea Middle Seonpum 39  Northern China Early Nongdae3
20 South Korea Middle Sinbo 40  Northern China Early Wuyoudao
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Fig. 3. Varietal response of the days to heading under the climatic conditions of the 13 m

represent standard deviations. The solid and dashed lines for each region represent the safe marginal heading date

(SMHD) and the late marginal heading date (LMHD), respectively. Circles, triangles, and rectangles represent the
varieties that originated from South Korea, North Korea, and northern China, respectively. The varieties represented by

black, gray, and white backgrounds for each region reached the heading stage within the SMHD, between the SMHD

and the LMHD, and after the LMHD, respectively.



et 2 H MuiXe =g

2021b)9f frARSIATE = Aol | FF T &5

7 whE S5 A2, 53 @AM ARSHEG
229 7 o ERE A2 ¥ At $ o o
LI AL Sl gt FF9f Wk koo 7ild AL
2 A4EY. o AEA Y @A EeaadeTt 7t
A A F52 Mol A, siFolMe B3,
SdolAE Av], FEZAA = FFollem, o2 9 Ao
Ae AEE2 veidth Y A9oM @t EF T 257t
P =2 #3522y ARl &7t 7F
A =2 A Jea AT A Eoldlen, o A
AN &7 7MY =2 &5 UEd F52 =245
Anl, SAFY FFH AEZ Yeh gatold BaE=
59 Eehe o BHE YEridH: o3 Aol
AN ¥ A WA Eeasdal S A=)
7P RIgsHA vheshe 71t 4ol EFol met 2

71(Yang et al., 2018c) YR O & Azle]

7t Aofe] 7| U BACIN EFY Bre0 s
o|¢ ¥ HAESTA7](Yang et al., 20182) I E47F3
71742 9] 717H(Yang et al., 2018b)3} B]argc. oF
AT A Y 7172 WA, B, AR, Eazoll A 97~
98w 7Pt 4dar, 84, Hik FolA 86~87UE TH
Aokl R UK Yang ef al., 2018a). A|EFX Y = kA
STUA7IIA 20T 5 ATt A 2 ollA 34
ME 7P ki, il A, =3, SAA 16-17T7H=
7P Atk '@ 2A8F T TES(REE, Wdn], £,
2%, A&, 2%, A7, Asn)S tff29 o 220fA
A RAZI7HA] Spsto] SHAui7E 7Hed Ao
B7EE T 919 1EE S S0l wdne}t 21,
Aol A= Atam], o= Wdn| 7} SHE43A 7] 4

o

T Eoloinh Al B Sl dYt 24F 2
< &5, diFolde Aul, F2ollM = otMm|et A& A
ot BE Tt 2AF0] PAEFIATIZMA S48k o
gt 2T Y2 A ETE 7 d Aoz weE gt
@ 2T T PREFA olF 25T FF2 UF
oAA 3, 4, AAl, 748, AlefFolA 4, FH $FollA
6, drtollAf 7, oA 8FFoIUT. =, 74, Aol
A, YAl 9 6AY FAolME E ST I
AE Be 50 LA olF S5tk A
ol e ST At SUAFT &), s =2l

M 559 &+ HS 227

© A0 AEE AL e ST ST, &3
Al A MAEFDAZIA E3H3T. AL
AMe J TAF 45F(F ok stolot], HiE, )}

Y F), FEAME FAT 35T
of, iy, A&H)I} FHAF v, FF A= TAF
2FF(oL AT ST 2v7F FAEFTA 7] Wl
S5tk A7 SR 7kA] Sdishd s, A
29, J3E, H 2holMe FARE e FF52 At
7Feste] #F Ao o] Zinth. ofet A¥te w1 AR
oo Aol w2 F55 7Y AdolA 8¢ 154
ojdel Edte FATHAR 4T o] Hil(Kim e
al., 2002)2} 2ol 5 Hol=H]|, I Aol FHFEL A
=HOE T 24 Wnlo] A @ waol 2T 2
Ao A= Y 2] o2 AZEAG

53 552 WA, Sl & AAL AR, B 2ol
A E97 7HE e FSE(EHLL 22, A99), S A
=Y FE(SEL YA, AFD), =2 FFI(FES, ¥
ELS, P43, 2o ERE I 2y At
o HARE /b, A, AlGFet St Hel HARE
A YAl s SHL, 292, A9, 2E1, Y4699
S57] Ao7F HoljFom, ol 5EFFTE HE A9 ¥4
oA P& A7] Wl Eshitt. HES, Bx=1s5, ¥
F43, B2l EFasdee Vol T = A

9
T3 S A 7] o] 5ol 5T T 55 34
FL2 YA 39 LongdaosE A QI3 BE ZH9of QF
A3 A7I7HA E43F3AT

FTHHer, WA, sl A i

=, Al
B oo Wit 2% F o
A QA A7t 7Hs AL, AEE Hopx|oh Bt i A
ool i 2AF A7} Y Ao BoE & o
FolAls 710l RIS AAR 309 FRE ol g3
__l:l'__

o] BrASt wi7bA] |4 5H= W (Shin ef al., 1998; Yang
et al., 2019)°] WEttH S48 Y47 2 Aol YEr
W AR gopA| L A9 bAE4A 7] Well E45k=
FF5o] gotd 2oz H7tdn) d=, & A5 B =
oA PEgHA 7] o] Fofl 43t =159 HF439)

7] o] AXrc} szt
S50 0Y5Y] A7 ABEA 43, 2E 13 A9
NEF2 Folgt Ao AUIAAE Ho|(Table 2), gt X9

=
A E520957E B BHS BE AN Holh



228

Table 2. Correlation matrix of the number of days from transplanting to heading stage

SHAX|(KOREAN J. CROP SCl.), 67(4), 2022

conditions of the 13 major rice-cropping regions in North Korea.

of rice varieties among the climatic

Haeju Yongyon Singye Sariwon Nampo Pyongyang Anju Kusong Sinuiju Changjon Wonsan Supung
Kaesong 0966 0.931" 0.954™ 0.940"™ 0.936™ 0.876"" 0.863"" 0.854™ 0.867" 0.862"" 0.891™ 0.872"
Haeju - 0.948™  0.947" 0.956™ 0.948" 0.880 0.861"™ 0.846™ 0.847 0.894™ 0.907" 0863™"
Yongyon - 0.936"™ 0.907*" 0.942"  0.836™ 0.801"" 0.823"* 0.790" 0.843"™ 0.863" 0.813™
Singye - 0.968™ 0.959™  0.927" 0.896™ 0.889™ 0.894™ 0.894™ 0.919" 0.892"
Sariwon - 0.966™  0.952"  0.941™ 0912 0927 0.932" 0.946™ 0.923"
Nampo - 0.936™ 09117 0.910™ 0.897"" 0.914™ 0.936™ 0.912™
Pyongyang - 0.974™ 0.941" 0.964™ 0.943" 0.952 0.941"
Anju - 0.952  0.972™ 0.948" 0.949"™ 0.948"
Kusong - 0.946™ 0.928™ 0.942™ 0.908"
Sinuiju - 0.914™ 0.925" 0.925™
Changjon - 0.963  0.908""
Wonsan - 0.925™

™ Significant at P < 0.01.

Table 3. Correlation matrix of the number of days from transplanting to heading

stage among the rice varieties under the climatic

conditions of the 13 major rice-producing regions in North Korea.

2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40

1 ns ns ns * * *F *¥ png * ng ns ns ns ns ns ns ns ns ns ns ns ns ns ** * k¥ png *¥* ng ng ns ns ns ns * ns ns ¥

2 - ok ok ok Rk ok k¥ g ¥ g ** png ¥ ns ns ns ns ns ns ns ns ns nsg ¥ KX Kk g *¥*¥ g opng ns ns FOF ¥k ok pg ¥F

3 -k F Rk ok kk kk Hk kg ** ng ns ns ns ns ns ns ns ns ns ns ns ¥ ¥ ¥ ng *¥* png ns ns * ns ns ns ns ns ¥

4 - ¥ Rk xRk X% g ¥ pg K ¥ s ns ns ns ns NS ns ns ns ns nsg K¥OKK Rk ok Rk g ok kg ¥k k% g ¥

5 -k ok Rk % k% % g ns ns ns ns ns * ns ns ns ¥ *F ¥ png ons ns * ns * * ns ns ns ns ns ns ns ns ns

6 - Rk Rk & kR g %% ¥ g pns ns ns ns ns ns ns ns ns ns * ns *¥* ¥ ko g * png opng * ns ns ns ns *FF

7 - ¥ ng ¥ ¥ pns ¥ ns ns ns ns ns ns ns ns ns ns ns ns * ns ¥ ns * * ns ns ns ns ns ns ns ns ns

8 - ns * % png % pns ns ns ns ns ns ns ns ns ns ns ns * ¥ ** ns * ng ns ns ns ns ns * ns ns ¥

9 - % * ng * nps ns ns ns ns ns ns ns ns ns ns ns ¥ ns *k ok ¥¥ g ¥ opg Kk kg opng ng ns F

10 - * ns ns ns ns ns NS NS NS NS ns NS NS ns ns ns ns ** Kk ¥*¥ g ¥ png ns ns ns ns ns ns *
11 - ns * ns ns ns ns ns ns ns ns ns ns ns ns ¥k Rk Rk xk ng ¥ ng ong * ns ns * ns ¥
12 - ns * ns ns ns ns * ns ns ns ns ns ns ns ns ns ** ns ns ** * ng ** * ng ng ns ¥
13 - * ns ns ns ns ns ns ns ns ns ns ns * * * ns ** ng ns ns ns * ns ns ns ns **
14 - ns ns ns ns NS NS ns ns ns ns ns ns ns ns ¥ ¥ pns ¥k ¥k pg Kk kg png pg FF
15 - * ns ns ns ns ns ns ns ¥ KK F* ¥¥ g ng ons ns ¥ ¥ ns ns * ¥ ns ns ¥
16 - ns ¥ * ¥ *% ng ps ¥ ns ns ns ns ns NS NS NS NS NS NS NS NS NS NS ns
17 -k ok Rk %k ok kg s ns ns NS NS NS NS NS NS NS NS NS NS NS ns
18 - FE Rk Rk & kR X% g ns ns ns ns ns f ns ns ns ns ns * ns ns ns
19 - K Rk Rk k%% g pns ns ns * ns ns ns ns ns ns NS NS NS ns ns
20 - ¥ ps * ¥ ps ns ns ns NS NS ns NS NS NS NSn NS NS NS NS NS
21 - ns ** ¥ pns ns ns ns ns NS NS ns NS NS NS NS NS NS NS ns
22 - % * g pns ns ns ns NS NS NS ns NS NS NS NS ns ns ns
23 - * ns ns ns ns ns ns * ns ns ns ns ns NS ns ns ns
24 - * ns ns ns ns NS NS NS NS NS NS NS NS NS ns ns
25 - ns ns ns ns ns ns ** ns * ns ns ns ns * ns
26 - k% kck ns k% ns ns * ns ns kk o kk o kok ns Kk
27 - ¥ ns * ns ns ¥ ng ng K¥ KK KR g kk
28 - ns ** ns ns ns ns ns * Kk ok opg k¥
29 - ¥ pg * opg * *¥* ng ns ns ns *
30 - ns * ns ns * * ns ns ns **
31 - ns ns ns ns ns ns ns * ns
32 - sk kk o ckok * ns ns ns sk sk
33 - * ns ek * * ns sk sk
34 - * ns ns ns ns ns
35 - ns ns ns ns **
36 - sk kok ns *
37 - *k g *
38 - ns **¥
39 - ns

"Each number represents the corresponding variety shown in Table 1.

* Ak

, , and ns Significant at P < 0.05, P < 0.01, and not significant, respectively.
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Fig. 4. The scree (A) and loading (B) plots obtained using the principal component analysis for number of the days from
transplanting to heading stage of rice varieties under the daily mean temperature and day-length conditions of the 13

major rice producing-regions in North Korea.
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Supplementary data. The number of days from transplanting to heading stage of rice varieties under the temperature and
day-length conditions of the major rice-producing regions in North Korea.

Variety Kaesong Haeju Yongyon Singye Sariwon Nampo Pyongyang
Jinbuol 87 + 2 80 + 2 85 + 2 82 + 1 78 £ 1 83 + 1 83 + 2
Baegilmi 93 £ 3 86 + 1 88 + 2 88 + 3 83 + 1 84 + 1 85 + 3
Joun 85+ 0 80 + 4 79 £ 3 81 + 2 79 £ 2 76 + 2 77 £ 2
Jopum 90 =+ 1 82 + 1 86 + 2 84 + 1 80 + 1 81 + 1 78 £ 1
Jinok 88 + 2 77 £ 0 82 + 0 86 + 1 79 £ 1 81 + 2 82 + 2
Jopyeong 92 + 1 86 + 0 89 + 1 87 + 1 83 + 1 83 + 3 84 + 2
Jinbu 87 £ 1 81 =1 83 + 0 84 + 0 81 = 1 85 + 1 81 = 1
Sanhomi 90 £ 1 83 + 1 86 + 0 86 + 1 84 + 2 83 £ 1 85 + 2
Odae 97 £ 2 93 + 4 89 + 2 92 + 3 88 + 1 86 = 2 86 + 3
Haedeul 99 + 1 93 +3 95 + 2 98 + 1 94 £ 2 93 +3 93 £ 1
Ungwang 92 £ 2 87 + 3 89 + 1 92 + 1 86 + 1 85 = 1 85 + 2
Asemi 98 £ 0 95 £ 1 102 £ 1 101 £ 3 96 + 2 98 + 1 91 £ 2
Josaengheugchal 98 + 3 95 + 2 97 +£ 2 96 + 2 92 +£ 2 91 + 4 92 £ 3
Jinmi 106 + 2 102 + 2 114 + 1 103 + 2 96 + 2 102 + 2 93 + 1
Cheonga 98 + 2 93 + 1 96 + 3 94 + 3 92 + 3 95 £ 2 93 + 1
Cheongpum 105 £ 3 102 £ 1 99 + 1 102 + 2 102 £ 1 103 £ 3 102 £ 0
Haiami 100 + 1 9 £ 1 97 £ 0 100 + 1 95 £ 2 102 + 1 102 £ 3
Daebo 99 + 2 92 £ 2 95 £ 2 97 + 1 94 + 0 93 + 1 96 + 3
Seonpum 89 + 0 85 £ 1 86 £+ 0 91 £ 0 87 £ 1 86 + 3 93 £+ 0
Sinbo 105 = 2 99 + 2 98 £ 3 106 + 1 103 + 2 100 + 1 104 + 2
Alchanmi 103 £ 0 98 + 2 96 + 2 101 + 2 102 + 2 100 £ 0 101 £ 0
Sobi 91 £ 1 84 + 2 93 £ 1 97 £ 2 89 + 1 92 £ 2 94 £ 0
Samkwang 105 £ 4 98 £ 2 100 £ 2 103 £ 2 101 = 2 100 + 1 100 = 2
Hopum 102 £ 0 97 £ 1 98 £ 0 101 + 1 97 £ 2 98 + 2 98 + 1
Saenuri 109 + 1 98 + 4 102 = 4 103 + 1 99 + 4 100 + 1 97 £ 2
Olbyeol 84 + 0 78 £ 4 79 £ 3 77 £ 1 74 £ 0 77 + 3 75 £ 1
Olbyeo2 85 + 4 78 + 1 79 + 1 77 £ 3 75 £2 77 £ 1 76 £ 1
Sonbong9 85 +2 78 + 2 79 £ 1 78 + 2 75 £ 1 75 £ 1 77 £ 1
Onpol 89 + 2 85 + 2 85+ 0 89 + 1 84 + 2 83 = 1 81 £ 0
Wonsan69 90 + 2 82 + 3 84 + 0 85 £ 2 80 + 3 80 + 4 81 = 1
Giljul 91 + 2 82 £ 1 86 + 2 85+ 0 83 £ 3 87 £ 3 82 £ 3
Pyongdo5 108 = 3 99 + 2 103 + 2 104 + 1 94 + 1 98 + 4 90 + 1
Pyongdol5 103 + 4 102 + 1 106 + 1 102 + 1 98 £ 0 99 + 2 97 £ 2
Pyongyang43 107 £ 3 104 = 1 104 + 2 101 = 2 101 = 2 100 £ 0 95 £ 1
Pyongyang21 105 + 1 101 + 1 101 £ 2 104 £ 2 97 £ 3 100 £ 0 94 £ 1
Jijing88 84 + 1 80 + 1 83 + 1 80 + 3 79 £ 2 82 + 2 78 + 2
Longdao5 90 £ 3 85 £ 1 86 + 2 83 + 2 80 £ 0 82 + 2 82 + 0
Kenjiandao3 80 + 1 75 £ 2 77 + 1 79 £ 3 75 £ 1 75 £ 2 73 £ 2
Nongdae3 78 + 3 76 £ 2 80 + 3 75 £ 2 77 + 4 79 £ 1 78 £ 2
Wuyoudao 87 + 0 82 + 4 85 £ 3 84 £ 3 80 + 2 81 + 2 80 + 2
Mean 94 89 91 91 88 89 88
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Supplementary data. Continued.

Variety Anju Kusong Sinuiju Changjon Wonsan Supung Mean <Suwon>
Jinbuol 82 + 1 80 + 2 86 + 1 86 + 1 84 + 2 83 £ 1 83 64
Baegilmi 82 +2 89 + 4 86 + 2 89 + 1 86 £ 1 87 £ 2 87 67
Joun 80 + 2 79 £ 1 82 + 2 81 + 2 80 + 3 79 + 3 80 75
Jopum 80 £ 1 86 + 1 82 + 1 85 = 1 85 £ 1 83 £ 1 83 71
Jinok 82 + 1 84 + 1 88 + 3 85 + 1 81 + 1 83 + 1 83 75
Jopyeong 83 £ 4 86 + 2 86 £ 3 88 £ 1 85 £ 1 82 + 1 86 76
Jinbu 82 + 1 84 + 2 85 + 1 85 + 1 86 + 2 81 = 1 83 76
Sanhomi 85 + 1 86 + 1 88 + 1 87 £ 1 89 £ 0 85 £ 3 86 79
Odae 90 + 1 89 + 1 93 + 1 92 + 1 89 + 2 89 + 2 90 81
Haedeul 92 £ 0 91 £ 0 98 + 1 94 + 1 9 + 3 94 + 3 95 87
Ungwang 82 £ 1 89 + 1 88 + 3 90 + 1 90 £ 0 86 + 2 88 83
Asemi 90 + 1 93 + 1 89 + 1 94 + 2 93 + 1 97 + 4 95 84
Josaengheugchal 93 + 1 9 + 4 93 £ 2 9 + 3 9 + 4 92 +£ 2 94 85
Jinmi 95 + 1 99 + 2 95 £ 2 103 = 2 98 £ 1 98 £ 1 100 85
Cheonga 94 + 0 95 + 1 94 + 2 94 + 1 93 £ 0 98 + 3 94 90
Cheongpum 104 + 1 102 + 1 102 + 1 104 + 1 101 + 2 111 + 1 103 100
Haiami 101 + 2 103 + 1 104 + 2 101 + 1 102 + 1 105 + 2 101 101
Daebo 101 = 2 100 + 2 100 + 4 99 + 2 98 + 2 103 + 2 97 103
Seonpum 97 £ 0 97 + 1 99 + 1 95 + 2 90 + 2 100 + 1 92 104
Sinbo 110 + 1 108 + 3 109 + 2 109 + 2 107 £ 1 113 £ 1 105 102
Alchanmi 109 + 3 101 + 1 107 + 1 107 + 1 101 + 3 108 + 1 102 100
Sobi 93 £ 1 96 + 2 98 + 1 91 £ 2 90 + 2 95 £ 3 92 100
Samkwang 105 + 3 103 + 4 108 + 1 103 + 2 101 + 1 105 + 2 102 107
Hopum 101 £ 3 101 =3 105 + 1 98 + 1 97 + 1 106 £ 0 100 105
Saenuri 102 £ 1 98 + 2 103 £ 1 93 £ 1 95 £ 1 109 + 4 101 109
Olbyeol 75 £ 2 76 + 3 78 £ 2 83 + 2 79 £ 2 81 £ 3 78 63
Olbyeo2 76 £ 1 78 £ 2 78 £ 1 83 £ 3 80 + 2 83 + 4 79 62
Sonbong9 75 £ 2 77 £ 2 81 =+ 1 82 + 1 81 + 2 80 + 1 79 58
Onpol 76 £ 3 79 £ 1 82 + 2 84 + 2 82 + 1 81 + 2 83 73
Wonsan69 80 + 2 79 + 1 83 £ 1 88 + 1 83 £ 2 81 + 5 83 71
Giljul 88 + 1 99 + 2 93 £ 5 90 + 2 90 + 2 87 + 1 88 73
Pyongdo5 92 £ 1 94 £ 2 97 £ 2 93 £ 1 95 + 3 100 + 1 97 85
Pyongdol5 99 £ 1 98 £ 1 101 + 2 102 + 2 101 + 3 104 + 4 101 86
Pyongyang43 98 + 1 9 £ 0 106 + 1 98 + 1 9% + 2 101 £ 3 101 88
Pyongyang21 98 + 1 99 + 2 9% + 1 100 = 2 97 £+ 4 98 + 2 99 92
Jijing88 76 £ 1 79 + 2 79 + 2 84 + 1 81 + 1 85 £ 2 81 69
Longdao5 83 + 1 86 £ 3 87 £ 2 89 £ 3 89 £ 1 92 + 2 86 70
Kenjiandao3 75 + 4 75 + 2 75 + 1 82 +2 81 £ 1 83 £ 1 77 60
Nongdae3 79 £ 2 82 + 2 81 + 4 85 + 4 82 + 1 75 £ 1 79 60
Wuyoudao 82 + 2 81 + 2 81 =+ 1 83 = 1 84 + 1 83 + 2 82 74
Mean 89 90 92 92 90 92 - 82

Data are presented as the means + standard deviations. Data for <Suwon> were

taken in 2020 field condition for reference.



