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Fig. 1 Periods in which five different experiments (indicated as Exp. code) on propagation of Piper retrofractum were conducted
(upper), and temporal changes in the daily means of air temperature and relative humidity during these periods (lower; solid and
dotted lines indicating those in the experimental glasshouse and outside the house, respectively). The explanations for the Exp.
codes are as follows: PP, testing the plant parts suitable for cuttings (see Table 1 for the results); NN-CI and NN-Cr, testing the
number of nodes suitable for cuttings using the climbing stem and the creeping stem, respectively (see Table 3); LE-Cl and LE-
Lb, testing the effects of leaf excision from the cuttings on rooting using the climbing stem and the lateral branch, respectively (see
Table 4). See Figs. 2-3 for further details on plant parts and experimental treatments.
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Fig. 2 Schematic representation of the definition of lateral
branch, climbing stem and creeping stem of Piper
retrofractum, and the plant parts used as cuttings (indicated
with dotted ellipses and uppercase letters) in the present
study. Although multiple climbing stems usually emerge
by branching, only one was figured for simplification.
A, tip of the lateral branch including three nodes (and
thus three leaves, hereafter); B, tip of the climbing stem
including three nodes; C and D, intermediate portions
of the climbing stem including the fourth to sixth nodes
and the seventh to ninth nodes, respectively; E, tip of the
creeping stem including three nodes; F and G, intermediate
portions of the creeping stem including the fourth to sixth
nodes and the seventh to ninth nodes, respectively. See
also Fig. 3f for external differences among the seven parts.
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Fig. 3 Examples of the rooting media used, successful rooting, the plant parts used, and experimental treatments on the plant parts in

propagation of Piper retrofractum by cutting. a: The growing media and tray used, and cuttings thereon. For all experiments in
the present study, Oasis® Wedge® medium was embedded in every other cell of the dedicated tray with 102 cells, and different
cutting types, as shown in photos f-h, were put in the media in a randomized order. Each cutting was inserted into the medium
so that the undermost node of the cutting was in touch with the medium. b-d: Rooting observed on cutting derived from
varying plant parts (see below and Fig. 2). The photo b shows a small root (indicated by the arrow) that emerged on terminal
of the lateral branch. The photo ¢ shows roots of an intermediate portion of the climbing stem that are recognizable on the
surface of the rooting medium. The photos d and e show roots of intermediate portions of the climbing stem and the creeping
stem, respectively, which have grown inside the rooting media. f: External differences among seven plant parts (A-G) used to
determine the parts suitable for cuttings (see Fig. 2 for detailed explanations). g: Cuttings varying in the number of nodes that
were used to examine the number of nodes suitable for cutting. h: Cuttings varying in the degree of leaf excision that were used
to test the effects of leaf excision on rooting (upper), and apparent differences in the degree of rooting observed after 35 days
(lower; leaves removed for ease of recognition).
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Table 1. Comparison of external characteristics and rooting among cuttings derived
from varying plant parts of Piper retrofractum

Experiment No.

% cuttings

- . Cutting length " ; % No. of roots Maximum root
(period)/plant N (cm)b* with aerial rooting®’ (rank)® length (cm)®"
parts tested® roots®
Exp. 1 (5§ Jul.-9 Aug., 2013)

A 38 6.39+020b 0.0a 26a 1.00 0.30
B 25 737+0.18¢ 100.0 ¢ 68.0b 3.47+0.24 be 1.89+024a
C 23 10.71+£0.26d 100.0 ¢ 913b 390+£0.10 cd 3.54£030b
D 21 9.67+0.284d 100.0 ¢ 90.5b 3.89+£0.11 cd 3.78+0.36b
E 36 461+£0.18a 77.8b 75.0b 3.11 £0.20 ab 431+031b
F 35 6.55£0.23 be 71.4b 85.7b 2.93+£0.20ab 470£027b
G 26 6.82 +£0.33 be 61.5b 76.9b 2.65+025a 450+046b
Exp. 2 (3 Oct.-7 Nov., 2013)
A 51 520%=0.18 ab 00a 23.5a 1.08 £ 0.08 a 1.67+033a
B 45 744 +026¢ 933 ¢ 97.8b 2.59+0.16b 1.93+£0.17a
C 37 999+0.23d 100.0 ¢ 100.0 b 3.84 £0.08 ¢ 408+020b
D 31 10.58+0.36d 100.0 ¢ 93.5b 4.00+0.00 ¢ 3.64+0.19b
E 28  467+029a 75.0b 929b 2.19+021b 4.19+0.34 be
F 24 6.15+0.38b 70.8 b 100.0b 221+022b 4.72+0.29 be
G 15 6.23 £0.34 be 66.7 b 933b 236+0.17b 539+£0.59¢
Exp. 3 (29 Jan.-5 Mar., 2014)
A 14 3.39+0.18 ab 0.0a 0.0 a No data No data
B 27 4.10£0.18 be 96.2 ¢ 40.7 b 1.64 +£0.34 ab 049+0.11a
C 22 6.44+0.19d 100.0 ¢ 1730 2.71+029b 0.68+0.082a
E 29 297+020a 65.5b 4140 1.08 £0.08 a 0.63+0.18a
F 24 448 £0.28 be 542D 20.8ab  1.20£0.20 ab 0.68+£0.43a
Exp. 4 (24 Apr.-29 May, 2014)
A 14 401+027a 0.0a 0.0a No data No data
B 46 539+0.19b 100.0 ¢ 87.0b 2.03+0.13a 3.12+1.17a
C 47 795+0.14 ¢ 100.0 ¢ 100.0 ¢ 3.89+0.08b 498+092b
E 27 4.06+:020a 66.7 b 926bc 192%+0.18a 507+1.66b
F 19 5.14+£032b 474b 894bc 1.76+024a 492+1.12b

a: The letters A-G represent plant parts tested, as shown in Fig. 2 and Fig. 3f. b: Mean + SE. Values with the
same letter are not significantly different (Tukey-Kramer HSD test, P = 0.05). The data without SE indicate N =
1 and were thus excluded from the statistical comparison. c: Linear distance between the uppermost (first) and
the undermost (third) nodes of the cutting at the start of the experiment. d: Values with the same letter are not
significantly different (Fisher’s exact tests followed by FDR adjustment, P = 0.05). e: Percentage of cuttings
bearing at least one aerial root on the undermost node at the start of the experiment. f: Percentage of cuttings
bearing at least one newly emerged root at the end of the experiment. g: Mean + SE of the number of newly
emerged roots recorded as an ordinal variable with four ranks as follows: 1, one to three roots; 2, four to six
roots; 3, seven to nine roots; 4, 10 or more roots. Values with the same letter are not significantly different (Mann-
Whitney U tests followed by FDR adjustment, P = 0.05). The data without SE indicate N = 1 and were thus
excluded from the statistical comparison. h: Length of the longest root among the newly emerged roots.
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Table 2. Comparison of the survival and early growth among the nursery plants of
Piper retrofractum derived from varying plant parts

Experiment No.
(period)/plant N

parts tested? length (cm)®¢

survival®

% Maximum stem

No. of lateral

branches® No. of leaves®*

No. of stems®*

Exp. 1 (9 Aug.-18 Sep., 2013)

B 17 94.1a 24+126a
C 21 100.0 a 290+0.76¢c
D 19  100.0a 284+ 121 be
E 27 1000 a 19.7+£0.79a
F 30 90.0 a 26+1.08a
G 20 100.0a 240+ 1.35ab
Exp. 4 (29 May-18 Jul., 2014)
B 36 100.0a 243+1.07a
C 40 1000 a 28.1+1.09 ab
E 23 1000a 303+£1.55b
F 16 100.0a 309+217b

1.50+0.13 a 381+053a 14.5+0.97 ab
3.10+£0.16¢ 475+0.62a 21.1+£1.20d
344+£022¢ 444+ 0.64 a 228+1.15d
230+0.12b 0.11+0.11b 12.1+057a
3.00£0.09c¢ 0.04 0,04 b 17.0£0.75 be
3.10£0.12¢ 0.00£0.00b 19.2+0.84 ¢cd
1.83+0.12a 3.14+031a 17.1+1.14 a
273+0.12b 443+045b 239+ 1.64b
261+0.16b 0.04 £0.04 ¢ 19.3 £ 1.20 ab
3.00+£020b 0.06+0.06¢ 229+ 148 ab

a: Same as those in Table 1. At the end of Exp. 1 and Exp. 4 in Table 1, each rooted cutting was
transplanted to a 570 ml-pot containing a mixture of red soil (Kunigami-maaji), manure compost,
and Canadian peat moss. b: Percentage of the rooted cuttings that survived the experimental period.
Values with the same letter are not significantly different (Fisher’s exact tests followed by FDR
adjustment, P = 0.05). c¢: Mean + SE. Values with the same letter are not significantly different
(Tukey-Kramer HSD test, P = 0.05). d: Length of the longest stem (usually including the initial
cutting length) at the end of the experiment. e: Sum of the number of main stem (including the
initial cutting) and of other stems that newly branched during the experimental period. f: Total
number of lateral branches (see Fig. 2) with at least one leaf at the end of the experiment. g: Total
number of leaves on all stems and branches at the end of the experiment.
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Table 3. Relationships between the number of nodes of cuttings of
Piper retrofiractum and their subsequent rooting

Plant parts used”/

. X . Cutting length % No. of roots Maximum root
experiment No. (period)/ N 3 _— B 4
No. of nodes’ (cm) rooting (rank) length (cm)
Climbing stem

Exp. I (1 Aug.-5 Sep.. 2014)
1 38 0.00 100.0 a 358+0.12a 2.16+0.14a
2 39 5.16+0.17 100.0 a 382+0.10a 287+0.18b
3 38 10.62 +0.35 92.1a 397+0.03a 3.56+022¢
4 38 16.07 = 0.34 974 a 3.86+0.10a 4.02+020¢
Exp. 2 (13 Nov.-18 Dec.. 2014)
1 49 0.00 98.0a 369+0.11a 1.14£0.07a
2 49 457+0.12 98.0a 390+0.07a 1.26+0.10a
3 48 8.87+0.19 979a 3.79+0.11a 1.40 £0.09 a
4 48 1393 £0.27 979a 357+0.13a 1.39£0.11a
Creeping stem

Exp. 1 (4 Aug.-8 Sep., 2014)

1 53 0.00 100.0 a 258+0.12a 476+0.17 a
2 51 3.27+0.11 100.0 a 294£0.17a 494+£026a
3 51 6.72+0.21 94.1ab 281+0.17a 529+024a
4 50 9.68 +0.38 86.0bc 242+0.18a 475+035a
5 50 12,55+ 041 68.0¢ 262+023a 472+046a
Exp. 2 (13 Nov.-18 Dec.. 2014)

1 51 0.00 745ab  1.84+0.18a 141+£0.19a
2 51 343£0.12 804 a 222+0.16a 1.72+0.18 a
3 51 6.99+0.25 72.6ab  2.11+0.18a 1.56 +£0.17a
4 51 10.02 +0.32 64.7ab  255+0.19a 1.71£0.20 a
5 51 13.87 £ 0.37 51.0b 204+021a 1.58+0.28 a

a: See Fig. 2 for the plant parts. For both types of stems, those excluding the two apical
nodes were used. b: Stems were cut into pieces with varying numbers of nodes as shown in
Fig. 2g. c¢: Mean + SE of linear distance between the uppermost and the undermost nodes of
the cutting at the start of the experiment. For cuttings with one node, this length is regarded
as zero due to lack of internodes. d: See Table 1 for explanations.
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Table 4. Effects of leaf excision from cuttings of Piper retrofractum on subsequent rooting

Plant parts used®/
experiment No. (period)/ N

cm)®
treatment {

Cutting length

Maximum root
length (cm)®

% No. of roots
rooting* (rank)®

Climbing stem
Exp. 1 (9 Oct.-13 Nov., 2013)

NE 24 BB0%x032a

PE 24 868+025a

AE 24 843+028a
Exp. 2 (15 Apr.-20 May, 2014)

NE 17 867+037a

PE 17 908+049a

AE 17 9.04+036a

Lateral branch
Exp. | (1 Aug.-5 Sep., 2014)

NE 51 496+0.15a

PE 51 513=0.15a

AE 51 508+0.18a
Exp. 2 (17 Oct.-21 Nov., 2014)

NE 23 5.04+023a

PE 23 4.80+024a

AE 24 547+028a

100.0 a 3.67£0.17a 297+025a
100.0 a 3.67+0.17a 2,14+£021b
250b 1.83=048b 0.20+0.05¢
882a 393+0.07a 3.09+029a
882a 3.40+025a 211+£027b

17.7b 1.67+0.67b 023+0.03¢
7.8a 1.25+025a 0,10+ 0.00a
39a 1.00=0.00 a 0.80x0.70a
20a 1.00 0.30
44a 1.00 0.60
0.0a No data No data
0.0a No data Mo data

a: See Fig. 2 for the plant parts. For climbing stems, those excluding the two apical nodes
were cut into pieces with three nodes each and used as cuttings. For the lateral branches,
the three apical nodes were cut off and used as cuttings. b: NE, leaves not excised
(control); PE, leaves partially excised (cut at the maximum breadth) as shown in Fig. 3h
(center); AE, all leaves, including petioles, were excised as shown in Fig. 3h (right). c:

See Table 1 for explanations.
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Table 5 Relationships between the rooting of Piper retrofractum cuttings
and the season when the cutting was implemented

Plant parts

. - Cutting length % No. of roots Maximum root
used®/experimental N " Laag, . i
. (cm) rooting (rank) length (cm)
period
Apical part of lateral branch (A)
Jul.-Aug.. 2013 38 6.39+020d 26a 1.00 0.30
Oct.-Nov.. 2013 51 520=0.18¢ 235a 1.08 + 0.08 a 1.67+0.33 b
Jan.-Mar., 2014 14 339+0.18a 0.0a No data No data
Apr.-May, 2014 14 4.01£027ab 0.0a No data No data
Aug.-Sep., 2014 51 496+0.15bc 78a 1.25£0.25a 0.10£0.00a
Oct.-Nov., 2014 23 5.04£023¢ 44a 1.00 0.60
Apical part of climbing stem (B)
Jul.-Aug., 2013 25  737+0.18¢ 68.0 ab 347+024¢ 1.89+ 024 b
Oct.-Nov., 2013 45 7.44+026c¢ 97.8¢ 259+0.16b 1.93£0.17b
Jan.-Mar., 2014 27 410£0.18a 40.7 a 1.64 £0.34 a 049£0.11a
Apr.-May, 2014 46 539+0.19b 87.0 be 203+£0.13a 3.12+1.17¢
Intermediate part of climbing stem (C and D)
Jul.-Aug., 2013 44 1022+021¢ 90.9 ab 390+0.07b 3.66+023b
Oct.-Nov.. 2013 92 9.88=0.19¢ 978b 384=006b 364013 b
Jan.-Mar., 2014 22 6.44+0.19a 773 a 271+£029a 0.68 £0.08 a
Apr.-May, 2014 47 795=0.14b  100.0b 389=008b 498+0.13¢
Aug.-Sep.. 2014 38 1062£035¢ 92.1 ab 397£0.03b 356+0.22b
Nov.-Dec.. 2014 48 887+0.19b 97.9 ab 3.79+0.11b 140+ 0.09a
Apical part of creeping stem (E)
Jul.-Aug., 2013 36 4.61=0.18b 750b 3.11£020¢ 431+£031b
Oct.-Nov.. 2013 28 4.67£029b 929b 219£021b 419£034b
Jan.-Mar., 2014 29 297x020a 414a 1.OB£0.08 a 0.63£0.18a
Apr.-May, 2014 27 4.06=020b 926b 1.92+0.18b 507+1.66b
Intermediate part of creeping stem (F and G)
Jul.-Aug., 2013 61  666£0.19c¢ 82.0 be 282+0.16¢ 462+024b
Oct.-Nov., 2013 39 6.18+0.26 be 97.4d 226+0.15Db 497+0.29b
Jan.-Mar, 2014 24 448+028a 208a 1.20+£020a 0.68+043a
Apr.-May, 2014 19 514+ 032 ab 89.5 be 1.76 + 0.24 ab 492+£027b
Aug.-Sep.. 2014 51 672021 ¢ 94.1 ¢d 281+0.17¢ 529+£0.24b
Nov.-Dec., 2014 51 6.99+025¢ 72.5b 2.11+0.18 ab 1.56 +£0.17a

a: See Fig. 2 for the plant parts. Data from parts C and D were combined into one
group, and those from F and G were combined into another group. b: See Table 1 for

explanations.
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Vegetative Propagation of Javanese Long Pepper, Piper retrofractum Vahl, by Cutting:
Determination of Plant Parts, Number of Nodes, Degree of Leaf Excision, and Seasons
Suitable for Cuttings
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Abstract

The Javanese long pepper, Piper retrofractum, has been used as a traditional spice and medicinal plant in the Ryukyu
Archipelago including Okinawa Prefecture, southwestern Japan. Recently, this plant has been focused on for its functionality, but
its cultivation technique is not well-developed. To establish a propagation technique for P. retrofractum by cutting, we conducted
a series of experiments to determine plant parts, number of nodes, degree of leaf excision, and seasons suitable for cuttings. The
lateral branch, climbing stem, and creeping stem were tested. The apical part of the lateral branch was not suitable for cutting due
to its lower rooting percentage (<24%). The apical part of the climbing stem also seems unsuitable because its rooting traits were
sometimes inferior to those of the other parts tested. The intermediate part of the climbing stem was consistently superior in not
only rooting traits, including rooting percentage (>77%), but also in traits for early growth of the rooted nursery plant, indicating
its suitability for cuttings. For the creeping stem, both the apical and intermediate parts were generally good for rooting and early
growth, demonstrating their suitability for cuttings; however, in some cases, they were inferior to the intermediate part of the
climbing stem. The optimum number of nodes for cutting varied between the climbing and creeping stems: three to four nodes and
two to three nodes were suitable for the former and for the latter, respectively, in terms of their rooting traits and ease of handling.
With respect to leaf excision, both partial and full excisions from the climbing stems resulted in poor rooting, and excision from
the lateral branches did not improve rooting. These results indicate that leaf excision is unnecessary for P. retrofractum cutting. As
the rooting traits in winter were overall inferior to those of other seasons, P. retrofractum cuttings should be grown from spring to
autumn.

Keywords: Artificial propagation, cuttage, Piperaceae, Ryukyus, Yaeyama region
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