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Abstract: This study investigated the utility of cambial electrical resistance (CER) measured using a Shigometer for
identifying the successful rootage of transplanted trees and assessing the health of trees subjected with different levels
of pruning. Ten landscape tree species were used to measure changes in CER during the growing season, and 30
species were used to compare CER among different species during mid-summer. CER was high in spring, whereas
it decreased to its lowest level in summer before increasing again in the fall. CER significantly differed among 20
different species in August. Specifically, CER of Adesculus turbinata Blume, Styphnolobium japonicum (L.) Schott.,
Ginkgo biloba L. Taxodium distichum (L.) Rich, and Pinus bungeana Zucc. ex Endl. ranged 3-4 kQ, whereas that
of Pinus densiflora Siebold & Zucc. and Juniperus chinensis L. ranged 10-11 kQ. CER was highest for Platycladus
orientalis (L.) Franco at 12.3 kQ, which significantly differed from the values for the other species. CER of the
transplanted trees of P. densiflora, G. biloba, P. orientalis, and Prunus X yedoensis Matsum. increased significantly
a year after transplanting, whereas that of P. densiflora and P. orientalis slowly decreased to the normal value of
healthy trees 5 years after transplanting, indicating successful rootage. Severe pruning with 70% removal of needles
resulted in the browning of some remaining needles or death of some trees in P. densiflora, resulting in a significant
increase in CER. Pruning with 35% removal of needles resulted in no death of leaves or branches, and CER did
not increase compared with that of unpruned trees. The findings indicate that the successful rootage of transplanted
trees and the health of severely pruned trees could be assessed by measuring CER.
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Table 1. A list of trees used in this experiment and their DBH, height, crown width and number of trees for each species for
replications.

Species name DBH (cm) Height (m) Crown width (m)  Replications
Aesculus turbinata Blume 38-42 9-11 6-8 5
Prunus x yedoensis Matsum 38-48 8-10 6-9 9
Acer palmatum Thunb. 18-38 7-10 6-10 5
Platanus occidentalis L. 38-51 15-20 10-12 5
Zelkova serrata (Thunb.) Makino 20-45 5-18 5-12 9
Ginko biloba L. 18-60 12-20 4-8 9
Pinus strobus L. 41-45 12-15 8-10 5
Metasequoia glyptostroboides Hu & Cheng 34-60 15-25 4-10 5
Pinus densiflora Siebold & Zucc. 19-40 5-15 5-9 35
Juniperus chinensis L. 16-20 4-5 3-4 5
Taxodium distichum (L.) Richard 35-50 18-25 5-8 4
Styphnolobium japonica (L) Schott. 23-30 10-14 8-10 4
Salix pseudolasiogyne H. Lev. 23-59 8-10 6-9 4
Pinus bungeana Zucc. ex Endl. 30-40 10-12 7-9 4
Abies holophylla Maxim. 31-45 10-15 6-8 4
Picea abies (L.) H. Karst. 35-40 15-20 7-9 4
Acer pictum var. mono Maxim. et Franch. 30-35 8-12 5-8 4
Larix kaempferi (Lamb.) Carriere 31-35 12-16 7-9 4
Koelreuteria paniculata Laxm. 20-35 8-12 6-8 4
Quercus acutissima Carruth. 32-40 10-14 7-9 4
Betula pendula Roth 18-25 10-12 6-7 5
Taxus cuspidata Siebold & Zucc. 20-25 6-8 4-5 4
Pinus parviflora Siebold & Zucc. 29-31 6-8 6-7 4
Cercidiphyllum japonicum Siebold & Zucc. 23-26 8-10 4-6 5
Chionanthus retusus Lindl. & Paxtpon 16-19 8-10 5-6 4
Fraxinus chinensis Roxb. var. rhynchophylla (Hance) Hemsl. 30-45 10-12 5-8 4
Acer triflorum Kom. 21-25 8-9 6-8 4
Chamaecyparis pisifera (Siebold & Zucc.) Endl. 25-35 10-12 5-8 4
Carpinus laxiflora (Siebold & Zucc.) Blume 30-40 8-10 6-8 4
Platycladus orientalis (L.) Franco 22-60 8-13 4-13 6
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Table 3. Comparison of CER between 20 landscape tree species measured in August. Each number is an average of four or more
trees and a standard deviation is shown in parenthesis Result of one-way ANOVA for species changes is shown in capital letters
(unit: kQ).

Species name Mean St. Dev. Species name Mean St. Dev.
Taxodium distichum 3.4¢ 2.82 Betula pendula 7.54B¢ 2.83
Styphnolobium japonica 3.4° 0.75 Taxus cuspidata 7.54B¢ 0.91
Salix pseudolasiogyne 3.8¢ 1.26 Pinus parviflora 78¢ 2.16
Pinus bungeana 3.8¢ 2.27 Cercidiphyllum japonicum 9.1AB 2.96
Abies holophylla 5.18¢ 1.08 Chionanthus retusus 8.31BC 1.53
Picea abies 6.25¢ 1.26 Fraxinus chinensis var. rhynchophylla gABC 2.29
Acer pictum var. mono 6.2°¢ 3.25 Acer triflorum 9.6"P 291
Larix kaempferi 6.5°%¢ 1.96 Chamaecyparis pisifera 10.58 0.78
Koelreuteria paniculata 7ABC 1.80 Carpinus laxiflora 10.84P 2.84
Quercus acutissima 6.95¢ 1.39 Platycladus orientalis 12.3% 2.58
Total Mean 7.15 1.98
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Table 4. Comparison of CER of transplanted trees(TT) with that of non-transplanted trees(NT) measured for five years after the
transplanting. Each number is an average of four trees with four measurements for each tree and a standard deviation is shown

in parenthesis (Unit: kQ).

v Pinus densiflora Ginkgo biliba Zelkova serrata Prunus x yedoensis
ear
NT TT NT TT NT TT NT TT
2005 12.5 18.2 6.7 11.9 6.1 7.8 8.6 13.5
(1.65) (2.30) (0.97) (1.44) (1.43) (1.59) (1.07) (2.08)
2006 12.4 15.9 6.7 11.6 59 7.9 8.9 12.4
(1.40) (2.34) (1.13) (1.33) (1.33) (1.30) (1.46) (2.13)
2007 9.9 13.9 6.1 10.6 5.9 7.8 8.9 11.6
(1.25) (1.49) (1.14) (1.70) (1.02) (1.40) (1.53) (1.99)
2008 14.9 18.3 8.4 12.6 9.6 9.9 9.6 11.6
(1.52) (1.75) (1.05) (2.25) (1.26) (1.68) (1.45) (1.87)
2009 14.8 14.3 8.9 11.5 12.2 8.5 9.5 12.6
(1.48) (1.69) (1.11) (1.19) (2.24) (1.23) (1.31) (1.41)
M 12.9 16.1 7.4 11.6 7.9 84 9.1 12.3
ean (1.46) (1.91) (1.08) (1.58) (1.46) (1.43) (1.36) (1.90)
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Table 5. Changes in CER of 12 Pinus densiflora trees for five years after transplanting(Nov. 2019) Each number is an average
of two or more measurements, and a standard deviation is shown in parenthesis. Results of one-way ANOVA for annual means
is shown in capital letters (Unit: kQ).

Period of measurement

Tree number Mean
Sep, 2021 Aug, 2022 June, 2023 May, 2024

1 18.5 14.5 11 7 12.8
(2.12) (2.12) (1.41) (0.0) (1.41)

2 14.5 13 12.5 6.5 11.6
(2.12) (0.0) (2.12) (0.71) (1.24)

3 15 18 12 9 13.5
0.0) 0.0) (1.41) (2.83) (1.06)

4 12 13.5 13.5 6 114
0.0) (0.71) (0.70) 0.0) (0.35)

5 16 16.5 13.5 9 13.8
(2.83) (0.71) 0.71) (1.41) (1.41)

6 13.3 13 9.5 8 11.0
(4.16) 0.0) 0.71) (1.41) (1.57)

7 21.5 22 16 8 16.9
(1.92) 3.0) 0.0) 0.0) (1.23)

8 18.5 18 18 8 15.6
(3.54) (1.0) (1.73) 0.0) (1.57)

9 14 14 14.3 9.5 12.9
(1.41) (0.0) (2.31) (0.71) (1.11)

10 15.5 17.3 11 6.5 12.6
(0.71) (3.00) (1.41) (0.71) (1.47)

1 16 13 11 7.5 11.9
(1.41) (0.0) (0.0) (0.71) (0.53)

12 14.5 11 8 4.5 9.5
(0.71) (1.41) (1.41) (2.12) (1.41)

Mean 15.8* 15.3* 12.5° 7.46¢ 12.8

Table 6. Changes in CER of a 100-year-old Platycladus orientalis tree compared with those of five healthy trees during the six
years of rootage period. Each number is an average of 12 measurements (Unit: kQ).

A transplanted tree Healthy trees

Date of t-test Remark

Mean St. Dev. Mean St. Dev.
Measurement

2018. 5. 10 13.5 1.33 11.2 1.79  n,s p=0.229 Two weeks after the transplanting.

2018. 7. 26 17.4 0.58 12.1 1.75  p=0.00283 Hot summer induced some stress.

2018. 9. 18 15.1 0.76 12.5 0.96  p=0.0156 Heat stress was reduced.

2019. 5. 15 12.8 1.29 10.2 1.24  p=0.0301 New shoots improved the health.

2019. 10. 11 18.3 1.50 13.8 0.76  p=0.0014 The CER increased toward autumn.

2020. 5. 14 20.9 2.06 11.3 1.85  p=0.00006 The health became worsen. Frequent foliar sprays were performed.
2020. 9. 21 184 0.93 134 1.03  p=0.0005 The health was not improved.

2021. 5. 20 11.3 1.89 11.0 1.45 n,s p=0.830 New shoots improved the health.

2021. 10. 28 214 1.40 17.7 2.78 n,s p=0.104 The CER increased toward autumn.

2022. 5. 25 16.2 0.72 11.5 1.30  p=0.0211 The formation of new shoots was delayed.
2022. 10. 21 173 0.76 17.3 126  n,s p=0.982 The CER increased toward autumn.

2023. 5. 19 11.6 0.25 10.0 1.08  n,s p=0.275 The health was recovered in five years.
2023. 10. 13 12.1 1.01 15.3 1.17  n.s p=0.285 The health was recovered in five years.
2024. 6. 14 12.8 1.91 11.4 0.96 n,s p=0.370 Interpreted as successful rootage.
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Table 7. The CER of Pinus densiflora trees treated with 70% or 35% removal of needles in November, and their CER measured
in the following May. Each number is an average of four measurements. Results of one-way ANOVA for treatment means are

shown in capital letters (Unit: kQ).

Very severe pruning

Severe pruning

Replications (70% removal of needles) (35% removal of needles) No pruning

1 13 15 8
2 25.5 15.5 13
3 20.7 10.5 11
4 21.5 12.5 9
5 17.5 13 7
6 18 9

7-45 Tree mortality rate was 8.9%.

Mean 19.4* (st. dev. 4.24) 13.3% (st. dev. 2.02) 9.5% (st. dev. 2.17)

Remark Al 45 pruned trees showed dead branches, and Needles or branches were not damaged.

four individuals were killed.
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