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Abstract - Hops enhance beer flavor and bitterness, acting as a preservative. In recent years, the booming trend of craft beer
has prompted the introduction of foreign hop varieties for cultivation and production in South Korea. This study focuses on
developing efficient in vitro culture condition of the hop (Humulus lupulus L.) variety ‘Cascade’ for treatments of plant
growth regulators, i.e. [AA and Cytokinin. Using Auxin IAA and Cytokinin 2iP, Zeatin, BAP, and TDZ on MS medium as
plant growth regulators, the experiment involved removing three nodes from the shoot apex. I vitro hop culture showed the
highest shoot proliferation rate when only IAA was added, with approximately 21% higher compared to the combination
with Cytokinin. Notably, [AA 0.1 mg/L + BAP 1 mg/L resulted in a superior shoot proliferation rate of around 91%. IAA 0.1
mg/L + BAP 1 mg/L was advantageous for shoot elongation. Callus induction occurred with TDZ, while control or [AA-only
conditions exhibited shoot and root growth. Cytokinin addition led to callus formation and increased weight. Assessing
survival and soil adaptation during i vitro hop seedling acclimatization involved maintaining near 100% humidity initially,
gradually reducing it over three weeks. When transferred outdoors, 9 out of 10 seedlings acclimated successfully,
confirming a 90% acclimatization rate.
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Fig. 1. Explant response rate (%) depending on the type of plant growth regulator. When treated with IAA alone, the regeneration rate
increased from 91.7% to 95.8% compared to the control group. However, when IAA and cytokinin were applied together, the

regeneration rate decreased to 74.7%.
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Table 1. Culture establishment from nodal explants for hop variety cascade.

Explant response ., Stem length Fresh plant weght No. of No. of Total
PGR, ng/L ’ (%) ’ Callus (cm) ® 1O(g) ¢ Shoot Node
Contol 91.7+4.2 ab - 5.7+0.4 ab 0.18+0.02 d 2.840.5 cd  10.7+0.8 b
IAA, 0.1 95.8+4.2 a - 4.8+0.4 bef 0.13+0.02 ¢ 2.4+0.0 de  7.9+0.7 ¢
IAA, 0.1+ 2iP, 1 66.7+4.2 bc ++ 5.0+0.6 be 0.71+£0.11 a 2.0+0.0 def 6.7+1.2 cde
IAA, 0.1+ 2iP, 2 62.5+7.2 ¢ + 4.1+0.2 cde 0.57+0.05 ab 1.3+0.3 f 5.740.3 defg
IAA, 0.1+ 2iP, 3 70.8+8.3 abc ++  2.6+0.3 fg 0.44+0.04 be 1.0£0.0 3.740.3 g
IAA, 0.1+ Zeatin, 1 ~ 79.2+15.0 abc + 3.140.2 ef 0.40+0.04 cd 1.7£0.3 ef  4.0+0.6 fg
IAA, 0.1+ Zeatin, 2 83.3£8.3 abc ++ 4.6+0.2 bed 0.49+0.04 be 1.7£0.3 ef  7.0+0.6 bc
IAA, 0.1+ Zeatin, 3 70.8+11.0 abc ++  3.940.8 cde 0.5440.04 be 1.3+0.3 f 6.310.7 cdef
IAA, 0.1+ BAP, 1 91.7+4.2 ab + 6.7£0.4 a 0.48+0.01 be 3.7+0.3 bec 11.3+0.9 ab
IAA, 0.1+ BAP, 2 66.7+8.3 bc ++ 3.5+0.7 def 0.41£0.04 be 1.0+0.0 f 5.3+0.3 defg
IAA, 0.1+ BAP, 3 75.0+14.4 abc ++ 1.840.2 hg 0.38+0.06 cd 1.3+03 f 4.3+0.3 efg
IAA, 0.1+ TDZ, 1 75.0£0.0 abc ++ 0.7+0.0 h 0.19+0.01 e 6.0+0.6 a 13312 a
IAA, 0.1+ TDZ, 2 75.0£7.2 abc ++  0.6+0.1 h 0.20+0.04 ¢ 4.0£0.0 b 5.740.7 defg
IAA, 0.1+ TDZ, 3 79.248.3 abc ++  0.5+0.1 h 0.12+0.07 de 33403 bc  5.3£0.7 defg

Data (mean + SE) were scored after 5 weeks from 24 explant per treatment Means followed by the same letter are not
significantly different at the P < 0.05 level by Duncan’s multiple range test.
“Callus degree at base of explant: - nil, + low; ++ moderate; +++ high.
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Fig. 2. The phenotype of hop tissue cultures based the type and concentration of plant growth regulators. IAA was added to all
treatments at a concentration of 0.1 mg/L, and each cytokinin(2iP, zeatin, BAP, TDZ) was applied at concentrations of 1, 2, 3 mg/L.
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Fig. 3. The stages of plant tissue culture acclimation. a, b) Soil was placed in the culture bottle and covered with a lid; c)
Contamination inside the culture bottle when non-sterilized soil was used; d) /n vitro regenerated hop plantlets were successfully

acclimatized by gradually enlarging the holes in the wrap.
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Fig. 4. Survival rate of hop tissue culture plants based on acclimation soil sterilization. When the soil was sterilized, hops remained
alive in vitro for more than 14 days. However, when the soil was not sterilized, 43.3% survived after 7 days, and all had died before

14 days.
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Fig. 5. Survival rate depending on the differnece in wrapping period of entrance to the culture bottle during acclimatization of hop
cultures. When the wrap covering the mouth of the culture bottle was removed at 0 days and 7 days, all hops died in vitro. However,
when the wrap was removed after 21 days, more than 86.6% survived.
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