Journal of Environmental Science International pISSN: 1225-4517 eISSN: 2287-3503
33(10); 697~708; October 2024 https://doi.org/10.5322/JES1.2024.33.10.697

ORIGINAL ARTICLE
U 22 5o |t A

A - PR - AT - B4
AT, VAP, Dol Tk, 371 TS A A AT A

Low-Temperature Damage to Bamboo: Current Status and Causes

Hyun-Hee Kim®, Jae-Gyun Koo", Da-Bin Kim?, Woo-Seok Kong®

Agricultural and Fishing Community Revitalization Department, Jeonnam Research Institute, Naju 58217, Korea
YClimate Change and Carbon Research Team, National Institute of Ecology, Seocheon 33657, Korea
?Bducational Center, Econow, Seoul 06752, Korea

YClimate Change Ecosystem Research Institute, Seoul 06264, Korea

Abstract

Using climate data, this study aimed to analyze the causes of low-temperature damage to bamboo, which occurred
mainly in Chungcheongnam-do and Jeollabuk-do, Korea, during the winter of 2020. Temperature observation data
provided by the Korea Meteorological Administration were used as raw data, and areas that suffered low-temperature
damage were compared to those that did not. The results showed that the unprecedented low-temperature damage to
bamboo was caused by a strong cold wave that occurred from January 7 to 10, 2021. During this period, the temperatures
reached their lowest levels in the past 30 years. In particular, the temperatures in Chungcheongnam-do and Jeollabuk-do
were significantly lower than those in Gangwon-do. Various regional temperature analyses were conducted, and an
average temperature of —10°C over 3 days and an average minimum temperature of =15°C during the cold wave were
determined as the criteria for bamboo to suffer low-temperature damage. Furthermore, regional differences in average
temperature had a greater impact on low-temperature damage to bamboo than did minimum temperature. This study
presents quantitative criteria for low-temperature bamboo damage through a regional comparison.
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Fig. 1. Status of bamboo area by region in Korea (source: Korea Forest Service. Basic forest statistics 2020).

Table 1. Bamboo species distributed in South-Korea

(source: National list of species of Korea (2020). National Institute of Biological Resources)

Genus name(Korean name)

Scientific name(Korean name)

Phyllostachys (1)

Phyllostachys bambusoides (), Phyllostachys compressus (H3=), Phyllostachys edulis (Z<=tH),
Phyllostachys nigravar. henonis (&), Phyllostachys nigra(2%), Pleioblastus simonii (V=)

Pseudosasa (1HHZ5)

Pseudosasa japonica var. purpurascens (AF01H), Pseudosasa japonica (O1H)

Sasa (X3 &)

Z8N(Sasa borealis), LHAZXZN(Sasa coreana), AZRANSasa kurilensis), AFZHN(Sasa quelpaertensis)
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Fig. 2. Changes in the northern boundary of Phyllostachys
sp. by Heo(2006) compared to Kong(2001)
(Source: paper of Heo(2006)).
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Table 2. Field survey schedule and area

Date (2021) Survey area
March 3~5 Cheonan, Gongju, Nonsan

March 21~24 Muju, Jinan, Jangsu, Hamyang, Sancheong, Hadong, Gwangyang, Suncheon, Gokseong, Gwangju, Damyang,
Jangseong, Jeongeup, Jeonju

April 7~11 Jinju, Uiryeong, Haman, Goseong, Tongyeong, Geoje, Gimhae, Changwon, Changyeong, Cheongdo, Miryang,
P Yangsan, Ulsan, Pohang, Yeongdeok, Uljin, Samcheok, Donghae, Gangneung, Yangyang, Sokcho, Goseong

April 10 Jincheon, Cheongju, Ochang

Hwaseong, Pyeongtaek, Dangjin, Yesan, Hongseong, Boryeong, Cheongyang, Buyeo, Seocheon, Gunsan, Gimje,
April 13~15 Buan, Gochang, Yeonggwang, Gwangju, Naju, Hampyeong, Yeongam, Gangjin, Jangheung, Boseong, Goheung,
Suncheon, Gwangyang, Gurye, Namwon, Hamyang, Geochang, Hapcheon, Seongju, Gumi, Gimcheon, Sangju

Fig. 3. Photos of bamboo (Phyllostachys sp.) damage from low temperatures. Left and center: Hogye-ri, Sagok-myeon,
Gongju-si, Chungcheongnam-do (photographed on March 21, 2021); Right: Obong-ri, Taein-myeon, Jeongeup-si,
Jeollabuk-do (photographed on March 23, 2021).
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Fig. 4. Average winter temperature in Korea over the past 30 years (x-axis: year, y-axis: C).
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Table 3. Monthly temperatures in winter 2020 compared to observations from the past 30 years (unit: C)

December 2020 January 2021 February 2021
A B A B A B
Average Temperature 1.68 0.87 -0.39 -0.53 1.79 3.79
Minimum temperature -2.86 -3.77 -4.93 -5.60 -3.18 -1.65
Extremely Low Temperature -9.60 -11.42 -11.89 -16.08 -9.88 -8.85

A: Average over the past 30 years, B: Average for winter 2020

Table 4. The coldest day in the last 30 years(The gray part is cold wave between January 7th and 10th, 2021)

Region Average Temperature ~ Minimum temperature
Seosan 2021.01.09. -12.9T 2021.01.09 -19.7T
Boryeong 2021.01.08. -13.0C 2021.01.09 -17.2TC
Buyeo 2021.01.08 -15.3T 2021.01.09 -21.2C
Nonsan 2021.01.08 -14.4T 2013.01.03 -22.6C
Seocheon 2021.01.08 -15.1T 2005.12.18 -20.8C
Jeonju 2021.01.08 -12.4C 2021.01.08 -16.5T
Buan 2021.01.08 -13.2TC 1999.12.21 -19.2T
Jeongeup 2021.01.08 -13.6C 2021.01.08 -17.6T
Imsil 2021.01.08 -16.0T 2021.01.08 -22.8T
Namwon 2021.01.08 -13.9T 1994.01.24 -21.9C
Jangseong 2021.01.08 -11.6T 2021.01.08 -15.5C
Damyang 2021.01.08 -12.3C 2021.01.08 -19.1C

Region Average Temperature ~ Minimum temperature
Geochang 2021.01.08 -11.8C 1994.01.24 -18.9T
Hapcheon 2021.01.08 -10.7C 2021.01.08 -16.6T
Sancheong 2021.01.08 -10.0T 2018.01.27 -14.6C
Uiryeong 2021.01.08 -10.3T 2011.01.16 -17.0T

Jinju 2021.01.08 -9.10T 1997.01.24 -18.9T
Hadong 2021.01.08 -8.30T 2021.01.08 -13.3C
Namhae 2021.01.08 -7.20T 2021.01.08 -11.5C

Naju 2021.01.08 -11.2T 2011.01.02 -16.3TC

Haenam 2021.01.08 -11.6T 2021.01.08 -17.1T
Jangheung 2021.01.08 -9.10T 2021.01.08 -15.3C

Boseong 2021.01.08 -11.9T 2021.01.08 -18.1T
Gwangyang 2021.01.08 -8.0T 2018.01.27 -13.2C
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Fig. 5. Changes in winter temperatures (y-axis: C) in Korea in 2020 (x-axis: December 1, 2020 to February 28, 2021).
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Table 5. Temperatures by province in winter 2020(B) (December 2020, January 2021, February 2021) compared to
temperature data from the past 30 years(A) (unit: C)

Average Temperature Minimum temperature Lowest Temperature
A B A B A B

Gyeonggi-do -2.73 -3.01 -7.2 -7.99 -14.76 -18.69
Gangwon-do -3.08 -3.44 -8.06 -8.84 -15.99 -19.15
Chungcheongnam-do -1.5 -1.66 -6.34 -7.01 -13.87 -19.68
Chungcheongbuk-do -2.84 -3 -7.89 -8.64 -15.52 -18.86
Jeollabuk-do -0.98 -0.64 -5.66 -5.76 -13.3 -19.27
Jeollanam-do 1.52 1.87 -2.35 -2.7 -8.45 -13.22
Gyeongsangbuk-do -0.59 -1.05 -5.36 -6.31 -12.35 -15.36
Gyeongsangnam-do 1.42 1.38 -3.36 -3.8 -9.75 -13.59
Jeju-do 6.04 6.7 3.11 3.45 -1.54 -3.48

Table 6. Comparison of average and minimum temperatures in areas with and without bamboo cold damage (unit: C)

Average Temperature Minimum temperature
30-year average 20204 30-year average 2020¢
Damaged area 0.48 0.99 -4.4 -4.14
No-damaged area 1.89 2.07 -3.45 -3.71

Table 7. Comparison of 10-day temperature(C) between regions with and without bamboo cold damage

Average Temperature Minimum temperature
Damaged region No-damaged region Damaged region No-damaged region
A B C A B C A B C A B C

1st~10th 2.69 1.85 -0.84 373 280 -093 -213 -273 -0.60 -156 -326 -170
Dec.  11th~20th 1.05 -0.80 -1.85 235 020 -215 -3.60 -5.11 ~-1.51 -296 -532 -236
21st~31st 0.08 0.43 0.35 1.42 1.14  -028 -463 -413 050 -3.83 -422 -0.39
Ist~10th -1.00 -622 522 054 -3.72 426 584 -11.85 -6.01 -470 -933 -4.63
Jan.  11th~20th  -0.78 -0.66  0.12 074 062 -012 -543 -603 -060 -434 -559 -1.25
21st~31st - -0.95  4.00 4.95 0.53 4.45 392 569 -0.67 502 -449 -0.61 388
1st~10th -0.47  1.30 1.77 1.18 2.58 140  -537 -403 134 -430 -343 087
Feb.  11th~20th 1.21 2.69 1.48 2.70 3.83 .13 -406 -2.83 123 -3.05 -250 0.5
21st~28th 3.30 6.60 3.30 4.64 7.70 3.06 -220 0.77 297 -123 173 2.96

A: Temperature over the past 30 years B: Winter temperature in 2020 C: Temperature differences (B-A)

Table 8. Comparison of 3-day and 5-day averages based on the lowest and lowest temperatures of the winter 2020 (unit: T)

Damaged region No-damaged region

A B A B
Lowest temperature day -13.64 -19.02 -9.9 -15.41
3-day average based on lowest temperature day -11.91 -17.73 -8.41 -14.33
5-day average based on lowest temperature day -9.69 -15.7 -6.69 -12.85

A: Average Temperature, B: Minimum temperature
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Fig. 6. Low-temperature damage to bamboo in Damyang-gun. Damyang-gun Gyosan-ri village (left), Juknokwon (middle),
and bamboo inside Juknokwon (right) (photographe d on March 23, 2021).

March 23, 2001 August 19, 2021

March 21, 2021 March 17, 2022

Fig. 7. Comparison of bamboo (Phyllostachys sp.) recovering from low-temperature damage. The two photos on the left were
taken in Damyang-gun, Jeollanam-do, and the two photos on the right were taken in the Magoksa area of Gongju-si,

Chungcheongnam-do.

U A2 o7t gelE 27 -11.77C,
712 -15.50)9F 2384 ¥3td A5 (B2 9.
8T, HA7I2 -13.67C)°] 7VdAt= BEgtol= g
ot SR 71 w5 At AxE AE 24 &
o] & alFElofof sp7] el & AFtlA AAIst
£ 712 #52 20219 12 ol digt 24 342 71
& Bugroz gl ohE WR Lk Qlrt

o] HA7|2HEME Ba7led & o 58
a7k Qeal ok divhy A2 wsi7p Eage
o Ao d B+t -10.97C% -10.23C AL,
o Fat HA72L -15.27C e -15.13C e W
o7 A2 msizt QIlE vt sige] A o B
7]20] -9.47C % -9.23C Ao & Hat HAZ
& AFet ARG FE -15.87C 9 -15.67C ATk
&g FER ek s 39 Bt HA7120]
woktt, ofef g2 Avte 54 2 olste] &bt
SEAE7PE A2 Hofell 2 & F= AR F
£0] 7ot = HA729] ¢ A 71 5t
7ol wg o)l tizel A& AZto] Bat7| e Hih=
g RhIdT L sAln ol ol M Hatvle ghell
gt F8/do] A7) Bt ¥ Arkal sHAlc

A2 ms7t WAt A9t 28] o2 A9 7t 12
ol gt 20209 AL P23 HA72S v
(Mann-Whitney test) $F A3} H7]2-2 & (]
Si7F AR At 28 2] ok 29) 9] {7t Aol
7} ZRIE 2 (p=0.000), XA71(p=0.185)< 1
2] dgitt. ol=jRt A3 AR A 1 B
29] 2po)7t A2 njsf WA o] F FFE FAS A

o2 §5% 4tk
478

o] Y= 20208 A=(20204 12€¥€ ~ 20214 2
4 THEES} HEEE SH R FH s A
g R A2 o) dFL 72 #SAEE ol
AHEy 1 EAS BEASluA sk gutdor
AT 7|23 FeFe uR 228 st 7t
A Zast 2 HatH(Li et al., 2019; Shi et al.,
2020). o Ao FA] 2AME Bl SHEES}
etk A A9, depde 944, 34, 9%, 34971
2] R A2 ojsfi7t FHLetA shA EAS AS
sRRIstg o, §&o 2= AWML N&S FAo



bR AL wale] Bt 99 707

UEF AL 57t 7 SIE o 5
e ret 7o FAIS mj5)] Fge 7l

2 Ao A F53 20209 1295 F 20214 2¢¥
M dldat vlaste] 1 7]L0] Wd 50 AL
olgict. I8tk 20219 1€ 795 H 10€714] A=A
o2 ¢ 7Rt bt I, old S E et Mt
B R bRl A2 w57t WA TAl
St EfuEr B2 3ollA Ad 3097t 7P =9
4 g2 7=t 9] gA] FHEEe HEte
o] 7| 2o] A7|Zet ZFYE Bt ottt AL uij$
ol 4 o] At
o AFofAE FAQ] 71 AmE A GER H]

Aate] ghubrp AA o o]2 dE V|Fo R 2
P72 10T olst, W ZAH7]-2 -15C oo}
U AL msf] @A A0 2 AAStHTE 18
A Ho 2 Zoto = ALd b I FEe} 7]
o] g T2 AqHERE Afo|7t AX g =A
RE 299 bR H4s A= o Folt,
L 2 Ao dAH o AFT 4 ok I1Hox
T35k o] A= 20219 1¥9] AR gk el
7|2 28 AAFe =z gro 2 ghuto] w2 g
AL Mg d&oty & FF met Hlwd 4 Q=
A AF2A ou|E 7pITHaL Tkt

St} 2y o] 717kt e a2 219 22
4 58 1] SlaliAE AEA YA dEH
TE 55 AFH 28 AEN FEST S U2 A
2 Hth 123 34 dFE Fi AHE X skt
Wgo=2 AL maf o]F thibF &o] AL maf o]d
o2 IEEE A7t T AFE Fu|Re FATL
= 7oz Hrt gofs 2R A2 mojx|o fRE
220219 BHE Afdo] LA w27 3]EE ]t
I8y 927t w2 IR A9 1O 815 Lt A
Hog L3 AX RIS SHEE F9] vt
T 38 S HdetRrEg AtFes et &
5] SHEE 354 AMEH A1 ddie] 49 2021
4 19 o]F 1do] A 2022 3Y/AE o] R
o2 SEE2] Bl FTo|Aof o] zetr] A%t
gt AL ERISHATHFig. 7). 81 HET g4l
BiolH o= ajet YoFe] ddf by &0 H¢ T2
nhZolgt §& Jrof Zpo)7t Qlolrt. ojet T2 2
= St Ao whet o] 55 SR EE el @
4 5SS BojFr, 22 A9Yx)e guR &
FH 7)1 @] et 3% zfol7t g2k Ao

o E
M

Mr O o i}

o re Jm

selefo] A<
ek

bR AL wals Wasiets 2 %
A opethd WA 2)=57] o] njght B4 ¢
o 2 HAZ SAot FriAel 44 5 AL
BA ofUey ok, et A sl Fmsk] ue
oI %] B} B % Qlehe ol Fmun, it
57} ohd ThE ARFECIAE 42 71T Az
TRE 4 Glrks A4S ZsIAE o Zolth A
% 377) Foto gk AR olZo] 44 9]
2ol o]o} P AT GEE AT A7 FHOE
o012 Zute] itk o] o] c=5t7] ol 7]
S WA o)Al B AR FAshTE 5o A
A2l BAl Azko] Waa) Balck,

A W7t A7) ke Ao B

gl

K
1
D
N
Y

REFERENCES

Bystriakova, N., Kapos, V., Lysenko, 1., 2003,
Distribution and conservation status of forest
bamboo biodiversity in the Asia-Pacific Region, J.
Biodivers. Conserv., 12, 1833-1841.

Clark, L. G., Oliveira, R. P., 2018, Diversity and
evolution of the new world bamboos, In
Proceedings World Bamboo Congress, Mexico.

Heo, 1. H., Kwon, W. T., Chun, Y. M., Lee, S. H., 2006,
The impact of temperature rising on the
distribution of plant-in case of bamboos and
Garlics-, J. Environ. Impact Assess, 15, 67-78.

Kong, W. S., 1985, A Phytogeographical study on the
distribution of bamboos in the Korean Peninsula,
J. Ecol. Environ., 8, 89-98.

Kong, W. S., 2001, Spatio-temporal distributional
changes of bamboo, JKGS, 36, 444-457.

Korea forest service, 2020, Basic forest statistics.

Korea national arboretum, 2017, Checklist of vascular
plants in Korea.

Li, X., Mao, F., Du, H., Zhou, G., Xing, L., Liu, T.,
Han, N., Liu, Y., Zhu, D., Zheng, J., Dong, L.,
Zhang, M., 2019, Spatiotemporal evolution and
impacts of climate change on bamboo distribution in
China, J. Environ. Manage., 248, 1-10.

National Institute of Biological Resources, 2020,
National list of species of Korea.

Ryu, S. H., 2005, Forest vegetation of the Korean
Peninsula(2): Bamboo community, Forest and
Culture, 14, 9-12.

Shi, P., Preisler, H. K., Quinn, B. K., Zhao, J., Huang,
W., Roll, A., Cheng, X., Li, H., Holscher, D., 2020,
Precipitation is the most crucial factor
determining the distribution of moso bamboo in
Mainland China, Glob. Ecol. Conserv., 22, 1-15.



708 A4d3] - At -

Wi, H. R., Kim, S. Y., Kim, H. Y., Yu, H. J., Park, J. Y.,
Song, Y. S., Yang, A. Y., Yoo, H. M., 2015, A Study
of vegetation changes according to future climate
change focus on crop of the warm temperate zone
and crop of subarctic regions, The Journal of
Applied Geography, 32, 1-25.

Wu, J., Wang, X., Fei, B., Xu, X., Lian, C., Chen, H.,
2021, The mechanical properties and thermal
conductivity of bamboo with freeze-thaw
treatment, J. Wood Sci., 67, 66.

Wu, P. R., Hwang, S. G., Chen, C. L., Lin, H. L., 2024,
Effects of storage duration and temperature on
browning and quality of postharvest bamboo shoots,
Horticulturae, 10, 616.

Wu, Y., Li, J., Yu, L., Wang, S., Lv, Z., Long, H., Zhai,
J., Lin, S., Meng, Y., Cao, Z., Sun, H., 2023,
Overwintering performance of bamboo leaves,
and establishment of mathematical model for the
distribution and introduction prediction of
bamboos, Front. Plant Sci., 14, 1255033.

Yoo, B. O., 2018, Evaluation of bamboo resources in
Korea and implications, National institute of
forest science, 102, 1-26.

Aepl - 354

Yoo, B. O., Park, J. H,, Park, Y. B., Jung, S. Y., Lee, K.
S., Kim, C. S., 2017, Assessment of expansion
characteristics and classification of distribution
types for bamboo forests using GIS, Journal of the
KAGIS, 20, 55-64.

* Researcher. Hyun-Hee Kim
Agricultural and Fishing Community Revitalization
Department, Jeonnam Research Institute
hyunheekim24@gmail.com

* Research fellow. Jae-Gyun Koo
Climate Change and Carbon Research Team, National
Institute of Ecology
93koojgl26@nie.re.kr

* Project Manager & Researcher. Da-Bin Kim
Educational Center, Econow
duroll@naver.com

* Director of the Institute. Woo-Seok Kong
Climate Change Ecosystem Research Institute
wskong@khu.ac.kr



