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Abstract. This study was conducted to investigate the effect of rooting volume on the productivity of fresh shoots when
growing rosemary in multi-layer cultivation. The 10 cm middle cuttings from which the common rosemary (Rosmarinus
officinalis L.) apical bud was removed were planted in a 128-hole tray, rooted, and then transplanted into pots of 125,
200, 550, 750, 1,300, and 2,000 mL to determine the growth characteristics and quantity of young shoots of 1-year-old
and 2-year-old rosemary. In the case of 1-year-old rosemary, there was no clear difference in initial growth (30 days after
transplanting) between treatments in pot size larger than 550 mL, in the case of 2-year-old rosemary, growth tend to be
proportional as the pot became larger. The fresh weight of the underground part of 1-year-old and 2-year-old rosemary
was the lowest at 6.9 g and 24.4 g, respectively, when surveyed on July 25 in a 550 mL container, and 10.3 g and 24.9
g, respectively, when surveyed on November 24, and there was a difference between treatments in containers of 750 to
2,000 mL. On the other hand, in the case of 1-year-old rosemary, the fresh weight of the above-ground part increased as
the pot became larger, but there was no statistical difference above 1,300 mL, and the fresh weight of 2-year-old
rosemary was also significantly higher as the pot became larger. The quality of young shoots was the best for 1-year-old
rosemary in a pot of 2,000 mL, but for 2-year-old rosemary, there was a difference in quality depending on the season.
Shoot productivity per unit pot was highest at 1,300 mL, but when converted to per unit area, the best was observed at
750 mL. Therefore, the most suitable pot size for intensive production through multi-layer cultivation of rosemary young
shoots is judged to be 750 mL (12.5 x 11.5 cm).

Additional key words: fresh weight, intensive production, pot size, Rosmarinus officinalis, shoot production,
underground volume
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Table 1. Effects of root zone volume on shoot characteristics of common rosemary investigated from June to November 2021, and characteristics of
new shoot developments after wintering investigated April 7, 2022.

Root zone Shoot Shoot Number Internode ?’rhe(;zt :;1(2:1 After M::;Z:j on
volume diameter length length . . Number of gest
(mL) (mnm) (cm) of nodes (cm) weight fresh weight I stem length
(g/shoot) (g/plant) (cm)

125 0.8 v 5.65b 6.00 a 095 b 037 ¢ 2.0d 59d 9.8d
200 1.01 a 576 b 6.14 a 0.96 b 043 b 3.1c 149 ¢ 63¢
550 0.87 b 6.14 a 579 a 1.09 a 042 b 6.8b 29b 106 ¢
750 0.85b 6.39 a 592 a 1.09 a 044 b 7.3b 244 b 127 b
1,300 0.92 ab 6.30 a 6.30 a 1.01 ab 0.50 a 113 a 312 a 149 a

*Value represents the mean of fifteen replications.
*Different letters within a column indicate a significant difference at P < 0.05 by Duncan’s multiple range test.

Table 2. Effects of plant age and root zone volume on early growth characteristics of common rosemary investigated June 20, 2022.

Root zone Pl.an ' Cal.lopy Number of Lateral branch Internode length  Number of stem
Plant age volume height width branches length (cm) nodes
(mL) (cm) (cm) (cm)
550 11.2°v 8.1b 7.6a 6.6a 1.32a 50b
750 13.7a 10.7 a 8.8a 84a 1.30a 64a
1-year-old
1,300 113b 10.1a 86a 7.0a 147a 48b
2,000 12.6 ab 11.1a 82a 83a 131a 64a
550 154c¢c" 13.1b 25.8b 12.1¢ 1.07b 113b
2-year-old 750 182b 13.0b 275b 144b 1.16 ab 12.4 ab
1,300 19.8a 15.6a 359a 162a 1.25a 13.0a

“Value represents the mean of five replications.
YDifferent letters within a column indicate a significant difference at P < 0.05 by Duncan’s multiple range test.
*DMRT was performed separately on 1-year-old and 2-year-old rosemary.
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Table 3. Effects of plant age and root zone volume on above ground and under ground fresh weights and root ratio of common rosemary.

July 25, 2022 November 24, 2022
Root zone d  Und d Abo d  Und d
Plant age volume ove gr(.)un neet gr(?un Root ratio” Ve gr9un neer gr(?un Root ratio
(mL) fresh weight fresh weight %) fresh weight fresh weight %)
(¢/plant) (g/plant) (g/plant) (g/plant)
550 129 bv* 69 b 35 278 ¢ 103 b 27
750 14.7 ab 11.0 a 43 544 b 272 a 33
1-year-old
1,300 179 a 10.6 a 37 61.0 ab 33.1a 35
2,000 169 a 11.1 a 40 709 a 332 a 32
550 36.1 ¢¥ 244 a 40 40.1 ¢ 249 b 40
2-year-old 750 529 b 275 a 34 713 b 44.1 a 38
1,300 71.1 a 28.1 a 28 83.0 a 473 a 36

“Root ratio refers to the ratio of underground fresh weight to the plant's total fresh weight.

*Value represents the mean of five replications.

*Different letters within a column indicate a significant difference at P < 0.05 by Duncan’s multiple range test.
“DMRT was performed separately on I-year-old and 2-years-old rosemary.

1-year-old rosemary

Before
washing

After
washing

2,000mL 1,300mL 750mL

2-year-old rosemary

550mL

Fig. 1. Visual appearance of Rosemainus officinalis under different root zone volume at July 25, 2022. 1-year-old rosemary was cut on March 17, 2022

(A). 2-year-old rosemary was cut on March 30, 2021 (B).
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Table 4. Effects of plant age and root zone volume on harvest shoot quality of common rosemary.

Root zone volume

Shoot diameter

Internode length

Shoot fresh weight

Plant age (L) (mm) Number of shoot nodes (cm) (e/shoot)
550 1.10 b* 6.61 b 152 a 0.87 b
750 1.LI3 b 6.52 b 1.55 a 0.83 b

1-year-old”
1,300 1.14 b 6.63 b 152 a 095 b
2,000 126 a 7.56 a 135b 1.12 a
550 145 b" 882 a 1.14 b 1.17 a
2-year-old” 750 1.50 ab 829 b 121 a 1.09 a
1,300 1.55 a 817 b 123 a 1.12 a

“For 1-year-old rosemary, the weighted average of young shoots harvested three times on June 6, August 8, and September 15 was used.
*For 2-year-old rosemary, the weighted average of young shoots harvested five times on April 11, May 16, June 20, September 15, and October

18 was used.

*Different letters within a column indicate a significant difference at P < 0.05 by Duncan’s multiple range test.
“DMRT was performed separately on I-year-old and 2-year-old rosemary.

50

I Apr. 11
=3 May. 16
[ Jun. 20
I Jul. 6

N Aug. 8

I Sep. 15
I Oct. 18

40

30

ab

(ea/pot)

20

Number of harvest shoots per pot

550

750 1,300 2,000

550 750 1,300

1-year-old rosemary

2-year-old rosemary

ab ab

550 750 1,300 2,000

550 750 1,300

1-year-old rosemary

2-year-old rosemary

50

L 40

- 30

- 20

Fresh weight of harvest shoots per pot
(g/pot)

Fig. 2. Effects of plant age and root zone volume on number of harvest shoots (A) and fresh weight of harvest shoots (B) per pot by period in common
rosemary. Different letters above bars indicatie significant differences by Duncan’s multiple range test at P < 0.05. DMRT was performed
separately on 1-year-old and 2-year-old rosemary.

2500

2500
I Apr. 11 A
May. 16

== Jun. 20 a

. Jul. 6

B Aug. 3 ab
I Sep. 15
BN Oct 18 , ab b

1500 - ab b a

be
1000 | b

2000 F 2000

F 1500

(ea/m?)

(g/m?)

+ 1000

500 F 500

Number of harvest shoots per unit area

Fresh weight of harvest shoots per unit area

550

750 1,300 2,000 550 750 1,300 350 750 1,300 2,000 550 750 1,300

1-year-old rosemary  2-year-old rosemary 1-year-old rosemary  2-year-old rosemary

Fig. 3. Effects of plant age and root zone volume on number of harvest shoots (A) and fresh weight of harvest shoots (B) per unit area by period in
common rosemary. Different letters above bars indicatie significant differences by Duncan’s multiple range test at P <(0.05. DMRT was performed
separately on 1-year-old and 2-year-old rosemary.
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