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ABSTRACT

Background: Studies have suggested that the northern provinces of Gangwon-do are good sites for licorice (Glycyrrhiza uralen-
sis Fisch.) cultivation in Korea, as they have similar temperatures to its original locations in northern China. However, poor
growth and freezing injury are often reported in Korea. Therefore, it is necessary to reassess the domestic cultivation site of lico-
rice.

Methods and Results: To determine the optimum temperature for cultivating licorice, the growth, yield, and pharmacological char-
acteristics of G uralensis were assessed in a temperature gradient tunnel at Eumseong, Chungcheongbuk-do, Korea in 2017. Plant
height increased until the temperature rose to 5.9 C above the local external temperature. Yield (kg/10a) increased by 46.9% when
the growing temperature was 1.5 C to 3.0 C (T2) above the external temperature and by 72.6% when the growing temperature was
3.0 C - 4.5C (T3) above the external temperature. However, a difference of 4.5 C - 5.9 'C (T4) above the external temperature,
decreased the yield by 9.8% compared to that at T2. The glycyrrhizin content of G uralensis roots in each temperature band was
0.72%, 0.53%, 0.91%, and 0.84% (T1, T2, T3, T4), these differences appear to result form individual plant variation rather than
growth temperature.

Conclusions: Based on the results of this study, we estimate that the temperature-based optimum cultivation site for G uralensis in
Korea is the south central region, rather than the northern province of Gangwon-do. Improvement in growth and yield maybe
observed if the plantations in the central Jecheon (Chungcheongbuk-do, Korea) are expanded into the south central region.
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5. SAEA

A+ Aol FAEAL SAS Program (SAS Enterprise

Guide 4.3, SAS Institute Inc., Cary, NC, USAYS ©]&3}

Table 1. HPLC conditions for the analysis of glycyrrhizin in
Clycyrrhiza uralensis. F

System Dionex UHPLC3000/LTQ
Column Phenomenex, Kinetex F5 T00A (2.6 ¢m, 100 X
2.7 mm)

Mobile phase  Solvent A: 0.1% formic acid / water
Solvent B: 0.1% formic acid / acetonitrile

Time (min)  Solvent A (%)  Solvent B (%)
Initiation 90 10
Gradient elution 0.0-2.0 30 10
system 2.0-14.0 0 100
14.0-16.0 0 100
16.0-16.5 90 10
16.5-20.0 90 10
Flow rate 0.3 mé/min
Injection 54
Column temp. 40T
Detection UV 254 nm
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Fig. 1. Changes in daily mean air temperature in the temperature gradient tunnel. T1 (ambient
temperature + 0.0C - 1.5C), T2 (ambient temperature + 1.5C - 3.0C), T3 (ambient

temperature + 3.0C - 4.57C), T4 (ambient temperature + 4. 5C - 5.90C).

Table 2. Accumulated temperature for each zone in the temperature gradient tunnel during cultivation periods.

Accumulated temperature (C)

Temperature zone" Before treatment After treatment DT¥(TC)
May? June? Jul.? Aug.” Sep.? Oct.”
T1 1,796.1 2,613.9 3,241.8 3,722.9 -
T2 285.4 8573 1,844.2 2,704.5 3,371.2 3,884.9 +162.0
13 ’ ’ 1,886.3 2,788.9 3,502.9 4,058.5 +173.6
T4 1,930.1 2,873.1 3,631.6 4,228.0 +169.8

Temperature zone; period of temperature treatments (2017. 6. 28 - 10. 31), T1; ambient temperature + 0.0C - 1 5C, T2; ambient
temperature + 1.5 T-30 C, T3; ambient temperature +3.0C-4570), T4 ambient temperature + 4. 5 T-597),° May, accumulated
temperature for May (2017. 5 17.5. 31.), ¥June; accumulated temperature forJune (2017. 5 17.-6.27.), “Jul.; accumulated temperature for
June (2017. 5 17.-7.31), "Aug.; accumulated temperature for June (2017. 5. 17 8.31.), “Sep.; accumulated temperature for June (2017. 5.

17.-9. 30.), 7Oct.; accumulated temperature for June (2017. 5. 17. - 10. 31.), ¥DT; difference of accumulated temperature by zone compared
to previous zone.

Table 3. Changes in height of Clycyrrhiza uralensis Fisch. according to the temperature difference in the temperature gradient tunnel.

July 3 August 23 October 12
Temperature zone"
Height (cm) Height (cm) Increment ratio (%) Height (cm) Increment ratio (%)
T1 35.6%=17.9% 104.3x16.3" 193.0 122.8+20.5" 244.9
T2 19.5+18.7° 107.5+14.9° 451.3 123.3+19.7° 532.3
T3 26.6+18.1 107.0+22.9° 302.3 127.5+18.1° 379.3
T4 21.0+19.3 118.5+14.2% 464.3 129.0+18.5° 514.3
Total 25.2+19.0 109.0+17.4% 3325 125.2+18.8° 396.8
Significance ns ns ns

"Temperature zone; period of temperature treatments (2017. 6. 28 - 10. 31), T1; ambient temperature + 0.0C - 1.5C, T2; ambient temperature
+ 1.5C - 3.0C, T3; ambient temperature + 3.0C - 4.5C), T4; ambient temperature + 4.5C - 5.9C). Each value is expressed as the means =
SD. “Different letters indicate values significantly different by Duncan’s Multiple Range Test (DMRT, p < 0.05). ns; Non-significant.
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2t 7R 7] ol FoAF Apol7h SjlE e 7é 3 FaAdRe A A @ Aol ARl XS Park 5
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09 W) o ko) SR BolS] HAE Tle D AAe tldus obdel Welsh S5 ohilz 3
59 Attt R E 1A RO S S dd
ato] g2siAl =9 ] Eollx RIE AR o dS Ae Table 5. Characteristics of roots of Glycyrrhiza uralensis Fisch. by
9] F7|E 7}A 23F2o] o8] bk wRelt), AA| Hge oF temperature difference in the temperature gradient
42 7] olglon oust JbY =o T4 TrlINE 34 AR tunnel at harvest time".
ok7k Azl ot Solde it 1 Wi 23k = Tempera;ture Numberof  Diameter of Length of
22 Fol7} oo} Lol mE onE Hue g = zone secondary roots  taproot (mm) taproot (cm)
o e ?—Z}%E o7 Q). =ozel= foje T1 4.4+09? 28.3%5.0° 64.2i8.4:
Qot} exr ° TL T2 T2 653 cm - 6.9 cm & 12 4.2+1.8° 31.7+2.4° 65.1£7.2 )
T3 4.7%+1.6° 30.9x2.4° 77.1+10.6"
#4019 730 on ) AAL, ST =2 T3 A T4 T4 3410.8' 2954310 81.7+20.3°
TR 2zt 773 om, 817 em et wEprieR o Total 42414 303%33  722%140
= 57 ]-o]- - Significance ns ns ns
3 & wEEgxe] L7k A3 (thizome) SAL

Table 63} Q4T H Zl 39 = F9482 ey A
2771 T 77kl <F 8.1 ME eBF HJAS T2, T3
rll A zZ¥zE oF 108 70, 11.0 712 Z7Fsitt T4 F7HllA

°F 9.8 7i=2 T stk AsHd Alg= L4 AEs

Table 4. Number of Stems of Clycyrrhiza uralensis Fisch. according
to the temperature difference in the temperature gradient

PHarvest time; 2017. 10. 31, ?Temperature zone; period of tem-
perature treatments (2017. 6. 28 - 10. 31), T1; ambient temperature
+ 0.0 - 1.5, T2; ambient temperature +15C - 3.07C, T3;
ambient temperature + 3.0C - 4.5C), T4; ambient temperature +
4.5C - 5.9C). Each value is expressed as the means = SD. ‘Different
letters indicate values significantly different by Duncan’s Multiple
Range Test (DMRT, p < 0.05). ns; Non-significant.

Table 6. Characteristics of rhizome of Glycyrrhiza uralensis Fisch.
by temperature difference in the temperature gradient

tunnel. tunnel at harvest time".
Temperat)ure Stems per season (numben) Temperature zone? Number of rhizome Diameter of hizome
zone July 3 August 23 October 12 P (mm)
T1 2.8+0.8° 3.1+1.6% 3.7+x1.72 T1 9.2+5.8* 5.2+1.4°
T2 2.4+1.0° 2.2+0.9% 2.5+0.9 T2 10.1+5.6° 6.3+1.7%
T3 2.4x0.8 2.2+0.8% 2.3+0.9° T3 10.9+4.9 7.3+1.4
T4 2.8+£1.4% 3.2+0.9? 3.0+0.8%" T4 9.8+2.3% 6.8+0.5%
Total 2.5+1.0 2.6x1.1 2.8+1.1 Total 10.1+4.6 6.5+1.4
Significance ns * * Significance ns ns

"Memperature zone; period of temperature treatments (2017. 6. 28 -
10. 31), T1; ambient temperature + 0.0C - 1.5C, T2; ambient
temperature + 1.5 T -3.07C, T3; ambient temperature +3.0T -
4.5 C), T4; ambient temperature + 45T - 5.97C). Each value is
expressed as the means = SD. ‘Different letters indicate values
significantly different by Duncan’s Multiple Range Test (DMRT, p <
0.05). ns; Non-significant.

326

"Harvest time; 2017. 10. 31, ?Temperature zone; period of tem-
perature treatments (2017. 6. 28 - 10. 31), T1; amb|ent temperature
+00C-15%C, T2; ambient temperature + 1.5 T-3.07, T13;
ambient temperature + 3.0C - 4.57C), T4; ambient temperature +
4.5C - 5.9C). Each value is expressed as the means = SD. "Different
letters indicate values significantly different by Duncan’s Multiple
Range Test (DMRT, p < 0.05). ns; Non-significant.
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Table 7. Yield of Glycyrrhiza uralensis Fisch. by temperature difference in the temperature gradient tunnel at harvest time".

Yield growth rates (%)

Temperature zone? Average Egn;)perature Yield (kg/10a)
(€) Compared to previous zone Maximum

T 22.6 1,204.2+200.2° -
12 239 1,769.0+285.0° 46.9
13 25.4 2,078.6=311.4° 17.5 72.6
T4 26.8 1,875.3+402.4° -9.8

Total 24.7 1,768.2+426.8 -

Significance *

Harvest time; 2017. 10. 31, 2)Temperature zone; period of temperature treatments (2017. 6. 28 - 10. 31), T1; ambient temperature + 0.0C -
1.5C, T2; ambient temperature + 1.5C - 3.0 C, T3; ambient temperature + 3.0C - 4.5C), T4; ambient temperature + 4.5C - 5.9°C). Each
value is expressed as the means =+ SD. "Different letters indicate values significantly different by Duncan’s Multiple Range Test (DMRT, p < 0.05).
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Table 8. Clycyrrhizin content of Glycyrrhiza uralensis Fisch. by
temperature difference in the temperature gradient
tunnel at harvest time".

Temperature zone” Glycyrrhizin content (%)

T1 0.72+0.02¢
T2 0.53+0.04¢
T3 0.91+0.11?
T4 0.84=0.10°
Total 0.75+0.16
Significance *

"Harvest time; 2017. 10. 31, ?Temperature zone; period of tem-
perature treatments (2017. 6. 28 - 10. 31), T1; ambient temperature
+ 00T -157T, 12; ambient temperature +1.5C - 3.0C, T3;
ambient temperature + 3.0 - 4.5C), T4; ambient temperature +
4.5C - 5.9C). Each value is expressed as the means = SD. “Different
letters indicate values significantly different by Duncan’s Multiple
Range Test (DMRT, p < 0.05).
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