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4-1 2009

 
 

   
-290 30 10.0 19.3 ± 3.5 19.1 ± 4.2 5.27 ± 0.77 4.36 ± 0.81 1.7 ± 1.2 0.4 ± 0.6* 
-425 30 13.3 13.8 ± 1.9 16.5 ± 3.2* 3.98 ± 0.26 4.13 ± 0.66* 0.3 ± 0.5 0.04 ± 0.2 
-37 30 13.3 16.5 ± 3.1 15.7 ± 3.4 3.94 ± 0.96 3.52 ± 0.73 0.0 ± 0.0 0.2 ± 0.5 
-103 30 16.7 21.6 ± 6.3 17.1 ± 5.0 4.32 ± 0.52 3.83 ± 0.85 0.2 ± 0.5 0.1 ± 0.4 
-2 30 16.7 17.6 ± 3.3 15.9 ± 3.4 3.32 ± 0.32 3.41 ± 0.70 0.2 ± 0.4 0.6 ± 0.9 

29 17.2 17.4 ± 2.7 15.8 ± 4.6 4.34 ± 0.55 4.07 ± 0.89 0.8 ± 1.1 0.4 ± 0.6 
-8 30 20.0 17.2 ± 6.2 16.8 ± 3.9 4.34 ± 0.79 4.32 ± 0.67 1.0 ± 0.9 0.7 ± 0.9 
-37 30 33.3 19.8 ± 3.1 17.2 ± 3.6 4.27 ± 0.64 3.78 ± 0.75 0.5 ± 0.7 0.1 ± 0.3* 
-54 30 36.7 18.5 ± 3.7 15.9 ± 4.6 4.28 ± 0.57 3.72 ± 0.78  1.3 ± 1.7 0.3 ± 0.7 

-12 30 43.3 20.5 ± 4.0 18.4 ± 2.3* 4.98 ± 0.62 4.32 ± 0.52* 0.5 ± 0.8 0.2 ± 0.5 
-30 30 43.3 18.9 ± 4.4 19.8 ± 4.4 4.56 ± 0.96 4.64 ± 0.81 0.8 ± 0.9 0.9 ± 1.1 
-64 29 55.2 17.9 ± 6.1 17.8 ± 5.7 4.71 ± 1.15 4.36 ± 1.02 0.1 ± 0.3 0.3 ± 0.6 
-90 30 56.7 21.0 ± 6.0 20.7 ± 6.6 3.82 ± 0.74 4.18 ± 0.80 0.2 ± 0.5 1.0 ± 1.2* 

-63 30 60.0 18.2 ± 3.8 16.2 ± 3.9 4.10 ± 0.56 4.05 ± 1.01 0.94 ± 1.1 0.92 ± 1.5 
-73 30 66.7 19.7 ± 3.9 18.9 ± 4.0 5.16 ± 0.73 4.82 ± 1.20 1.15 ± 0.9 1.2 ± 1.1 

-50 30 80.0 21.7 ± 4.6 17.0 ± 2.5* 5.00 ± 0.74 4.13 ± 0.54 0.8 ± 1.0 0.3 ± 0.8 
 *  < 0.05,  **  < 0.01 Mann–Whitney  
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4-3 2011

 
 

   
-290 34 64.7 19.1 ± 3.6 17.8 ± 3.0 4.10 ± 0.91 3.55 ± 0.66 0.8 ± 1.0 0.6 ± 0.7 
-425 35 51.4 18.2 ± 2.9 16.6 ± 3.4 3.73 ± 0.86 3.16 ± 0.76 1.0 ± 1.0 0.5 ± 0.8 
-37 34 88.2 20.4 ± 4.0 17.3 ± 3.8 4.06 ± 0.86 3.25 ± 0.97 0.8 ± 0.9 0.5 ± 0.6 
-103 33 75.8 20.5 ± 3.7 17.6 ± 5.1 4.41 ± 0.88 3.58 ± 1.02 1.9 ± 1.5 1.0 ± 1.1 
-2 29 79.3 21.3 ± 3.8 17.0 ± 3.2* 4.20 ± 0.69 3.62 ± 0.69* 1.30 ± 1.4 1.33 ± 1.5 

36 52.8 20.4 ± 3.9 19.1 ± 3.4 4.16 ± 0.66 3.53 ± 0.75 1.3 ± 1 .3 0.9 ± 0.9 
-8 35 71.4 20.4 ± 3.3 17.0 ± 3.8* 3.88 ± 0.62 3.34 ± 0.91 1.3 ± 1.2 1.0 ± 0.7 
-37 32 56.3 19.6 ± 4.7 18.1 ± 4.1 3.59 ± 0.97 2.83 ± 0.84* 0.8 ± 1.0 0.4 ± 0.9 
-54 33 81.8 17.3 ± 3.0 16.5 ± 5.0 3.72 ± 0.79 3.43 ± 0.82 1.0 ± 1.1 0.3 ± 0.5 

-12 22 40.9 19.0 ± 2.5 15.0 ± 2.6* 4.29 ± 0.83 3.08 ± 0.61** 2.1 ± 1.3 0.2 ± 0.6** 

-30 31 83.9 19.7 ± 2.8 17.8 ± 3.6 4.25 ± 0.96 3.70 ± 1.26 1.4 ± 1.4 1.6 ± 1.5 

-64 30 70.0 18.7 ± 3.0 15.9 ± 1.5* 3.79 ± 0.79 3.02 ± 0.50* 0.6 ± 0.9 0.0 ± 0.0* 
-90 36 80.6 19.4 ± 4.0 16.1 ± 3.1* 4.10 ± 0.83 3.51 ± 0.88 0.6 ± 0.9 0.3 ± 0.8 

-63 32 84.4 17.0 ± 3.2 15.6 ± 2.4 3.38 ± 0.68 2.52 ± 0.31** 0.7 ± 0.9 0.0 ± 0.0 
-73 30 100.0 19.1 ± 3.9     4.32 ± 0.89     1.7 ± 1.1        

-50 32 87.5 16.9 ± 3.1 17.5 ± 2.5 3.59 ± 0.96 3.89 ± 1.08 1.0 ± 1.3 0.8 ± 1.0 
4-1

4-2 2010

 
 

   
-290 30 33.3 25.6 ± 3.7 23.6 ± 3.7 5.25 ± 0.90 5.26 ± 0.91 1.8 ± 1.3 2.0 ± 1.2 
-425 32 21.9 26.1 ± 4.6 22.0 ± 4.2* 5.16 ± 0.72 4.79 ± 0.81 1.4 ± 1.1 1.2 ± 1.2 
-37 32 65.6 21.8 ± 3.7 21.9 ± 3.0 4.91 ± 0.69 5.18 ± 0.63 1.7 ± 1.2 2.5 ± 1.2 
-103 32 15.6 22.4 ± 3.5 18.3 ± 4.3* 5.22 ± 0.95 4.78 ± 0.96 1.0 ± 1.7 1.5 ± 1.3 
-2 32 46.9 23.3 ± 4.4 22.3 ± 3.4 4.83 ± 0.76 4.47 ± 0.49 1.5 ± 1.3 1.8 ± 1.6 

29 24.1 20.0 ± 4.0 20.0 ± 4.4 5.12 ± 0.76 4.55 ± 0.86 2.7 ± 1.1 1.3 ± 1.1* 
-8 29 13.8 20.8 ± 3.8 18.0 ± 3.2 4.94 ± 0.93  4.46 ± 0.78 1.3 ± 1.0 1.6 ± 1.1 
-37 29 13.8 26.3 ± 4.9 20.2 ± 3.0* 5.13 ± 0.64 4.71 ± 0.69 2.0 ± 1.4 1.4 ± 1.2 
-54 32 37.5 17.8 ± 3.1 17.4 ± 3.1 4.49 ± 0.63 4.55 ± 0.78 1.92 ± 0.7 1.90 ± 1.8 

-12 32 28.1 21.6 ± 4.5 22.0 ± 3.4 4.76 ± 0.80 4.96 ± 0.71 1.3 ± 1.3 2.3 ± 1.2 

-30 31 71.0 23.1 ± 5.0 22.2 ± 3.2 5.08 ± 0.86 5.09 ± 0.80 1.7 ± 1.2 1.6 ± 1.3 

-64 32 46.9 16.3 ± 3.7 17.4 ± 3.1 4.35 ± 0.89 4.24 ± 0.68 1.5 ± 1.3 0.8 ± 1.1 
-90 32 53.1 23.7 ± 5.0 23.1 ± 3.6 5.20 ± 0.68 5.11 ± 0.75 2.1 ± 1.2 1.7 ± 1.6 

-63 32 46.9 20.2 ± 3.0 18.2 ± 2.9 4.80 ± 0.64 4.61 ± 0.58 1.9 ± 0.8 1.7 ± 0.9 
-73 31 83.9 20.7 ± 4.7 20.8 ± 3.6 5.59 ± 0.99 5.44 ± 0.78 2.4 ± 1.1 2.0 ± 1.4 

-50 31 61.3 21.7 ± 4.1 17.8 ± 4.4* 4.99 ± 0.60 4.20 ± 0.84 1.7 ± 1.2 1.5 ± 1.0 
4-1
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 (D) ** 8.007 1 0.0047 
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E × H 2.868 2 0.2383 
E × D* 7.773 2 0.0205 
E × B 0.259 2 0.8786 
F × H 15.853 15 0.3919 
F × D 10.332 15 0.7983 
F × B 13.297 15 0.5794 
H × D 0.033 1 0.8556 
H × B 1.503 1 0.2202 
D × B   0.444 1 0.5050 

 <0.05,  <0.01,   <0.001  

 

  
3

36.4 73.3%
 

1997
1

2002 
24 21

2 1 16

2007

  

 2007

1997

 1993

<0.05
2 1

  

Kuroda 2004; 
 2007

 2006
2 4

Kuroda 2004

5
 2010

16 3
2 1

4 5
2 1

Mori et al.
2008

Mori et al. 2008
  

3 26cm
60

2 1

10
 2007

2 1
 

 



 
 
 

23 
 

 
 

 
1   

50  1999

 2004

 1972
 2004

 2006b

 2009
  

‘topophysis’
Dodd and Power 1988

Foster et al. 1984 Morgenstern 1987  
1997 Peer and Greenwood 2001

(Henry et 
al. 1992

 2006  
2006

 2004
2003 

 
 

  

 1972

 2002

  

  
 
2   

1   

-37 -73 -64
-54 -63 -50

2010 3 2011 3

2
1 17 19
5-1   

 
2   

2013
2 2007 1 17 19

25
25 50  



 
 

 
24 10 2018  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

6 300 50
100cm   

5cm 2cm

5-1

  
4000ppm 5

 2004 47cm 33cm
9cm ( 2 3mm)

1 36   

25 30 25 30

2.0 40.7   
 

3   

10
8

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

(Struve et al. 1984)

80ml 100ml

Kathiravan et al. 2009   
 

4   

6 300 ‘R’ 
version 2.15.1.  

‘Logit’ 
  

 

(1)  
 

, , , ,  
  

164

 
5-1  

g g

18 25            
18 

19 

17 

18 

18 

108 

2013 2 3 33 34



 
 
 

25 
 

‘log’

  
 

    (2)  
 

, , , , , 
  

2 

Spearman
3

55 55 54
Spearman

  
 
3   

1    
 

<0.001  <0.001
5-2

 <0.001   
6 34.0 76.0 300

54.7 5-1
74.7

34.7% 2 2 
 <0.001   

 
2   

2.60  3.41cm3 6
3.17cm3 -1 G

LM

(  <0.001) 5-2

 <0.05

s = 0.723,  <0.001
s = 0.402,  <0.001

5-1 A, B s = 
0.317  <0.05 s  = 0.446  <0.01

s  = 0.700  <0.001
5-2 A, B, C

  
 
4    

2006
Baltunis et al. 2005

 

 (Raf.) Sang. -Foster et al. 1984
– 

 1966  (Mill.) B. S. P - 
Tousignant et al. 1995  
(Pursh) Poir - Rosier et al. 2006

spp. - Peer and Greenwood 2001
 -  1997

3

  

(
 1966)

 1981 Browne et al. 1996  
Lamb.

 



 
 

 
26 10 2018  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
A 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
B 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

5-1  
(A) (B) 

***  < 0.01 Spearman    
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II

 (F) *** 34.533 5 1.865 × 10 6 
(C) *** 40.292 1 2.187 × 10 10 

 (W) 1.715 1 0.190 
(B) 1.729 1 0.188 

F × C 5.599 5 0.347 
F × W *** 20.978 5 0.001 
F × B *** 24.188 5 1.998 × 10 4 
C× W 0.010 1 0.921 
C × B   0.936 1 0.333 
W × B 0.058 1 0.810 

   
 (F) 2.269 5 0.811 

 (C) 2.035 1 0.154 
(W) 0.039 1 0.843 
 (B) 0.224 1 0.636 

 (N) *** 48.221 1 3.809 × 10 12 
F × C 4.884 5 0.430 
F × W 3.125 5 0.681 
F × B 4.585 5 0.469 
F × N   6.220 5 0.285 
C × W   0.569 1 0.451 
C × B 0.634 1 0.426 
C × N* 4.890 1 0.027 
W × B**   8.160 1 0.004 
W × N* 6.093 1 0.014 
B × N   1.572 1 0.210 

*  < 0.05;  **  < 0.01;  ***  < 0.001 
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Summary 
 
 
Studies on efficient production technique of  seedlings to 

. 
 

Tetsuji Hakamata 

Pine wilt is one of the most serious tree diseases in Japan. It is caused by the pine wood nematode [PWN; 
 (Steiner et Buhrer) Nickle], which is vectored by the Japanese pine sawyer Hope. Following

infection by PWN, tissue degeneration and physiological breakdown occur in pine trees, causing dysfunction in water conduction,
which results in wilting and death of trees. While felling of damaged trees, use of insecticides, and trunk injection of nematicides
have been attempted as countermeasures, a ‘breeding project on resistance to PWN’ has also been adopted as a means of reducing
environmental impacts associated with the control of PWN. As part of the  project, seedlings and grafts were propagated from
surviving pine trees selected from seriously damaged forest stands, and resistant clones were selected for primary and secondary
inoculation with PWN, from species highly susceptible to PWN, such as the Japanese black pine (  Parl.) and
Japanese red pine (  Sieb. et Zucc.). 

Resistant clones have been planted in seed production orchards for the production of open pollinated seeds. For ongoing
commercial production, as seedlings of half sib families derived from these orchards are not reliably resistant, seedlings showing no
post-PWN inoculation symptoms were selected as ‘resistant’ and used to replant disease-affected areas. As pine wilt continues to
affect Japanese forests, Japanese black pine seedlings are required for coastal forest restoration. Additionally, the demand for
resistant seedlings has increased following a large earthquake in Eastern Japan. This background gives context to the need for
new resistant varieties of  and improved production methods for affordable, resistant seedlings. 

PWN inoculation trial makes resistant seedling production expensive, and the development of new varieties requires 7 8 years,
highlighting the need for improved production efficiency and inoculation outcomes. While production costs are mitigated if strong
resistance increases survival rates and improves productivity, approaches obviating the need for inoculation are also needed. These
approaches are needed to bring down the price of seedlings. 

To save on labor costs, it was attempted to predict whole seedling resistance on the basis of tissue resistance of branch pieces. To
increase the survival rates of seedlings inoculated with PWN, morphological features of seedlings correlating with resistance were
also investigated. In addition, this study attempted to boost efficiency of propagation from cuttings. 
 

It has been reported that resistance in trees may be reappeared to materials derived from branch cuttings or bark segments at
the interspecific level. While xylem parenchyma cells become necrotic in proximity to inoculation sites in susceptible pine species,
few necroses are observed in resistant ones. However, while some resistant trees may be evident even in susceptible Japanese
black and red pines, relationships between tissue and whole seedlings in terms of their resistance are not clear at the intraspecific
level. If relationships between respective resistances for tissue and whole seedlings could be clarified for Japanese black pine, as
they have been done for interspecific level, then inoculation trials could potentially be omitted. Tissue degeneration among clones or
families inoculated with PWN was examined using a browning estimation index, and the relation between these damage ratings
and whole seedling resistance was explored. 

The relationship between tissue degeneration and death of potted 3-year-old seedlings of Japanese black pine, from six families with different resistances,

and inoculated with PWN, was investigated. PWN-inoculated tissues eventually browned completely, and no seedlings were fully resistant to PWN at the

tissue level. However, time taken to reach full browning of the branch pieces was significantly correlated with the number of days to seedling death under

rigid conditions. As inoculated seedlings that showed less browning tended to live longer, tissue degeneration to PWN might be related to whole-plant res

istance to some extent. 
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The time taken to reach full browning in branch pieces inoculated with PWN significantly differed among the 15 clones
examined in this study, and was considered to be a property of the clone. The time required for full browning of branch pieces
obtained from the clonal mother trees significantly correlated with that for the seedlings of these trees; therefore, the clonal
mother trees’ susceptibility to degeneration was thought to be inherited by their seedlings. However, neither the time required
for the full browning of branch pieces from mother trees nor that for their seedlings correlated with the survival rate of
resistance of seedlings inoculated with PWN in the nursery. This suggests that the time required for tissue degeneration may
not be an important factor influencing the eventual resistance of a whole tree. Consequently, it is inferred that seedling
resistance is derived from whole-plant resistance, which inhibits migration and propagation of PWN, rather than tissue level
resistance. 
 

Degeneration and necrosis of epithelium or parenchyma cells on the PWN infection site occurs in Japanese black and red
pine. It has been suggested that these qualitative and quantitative histological reactions affect symptom development in whole
seedlings. Therefore, in predicting resistance, it is important to accurately characterize histological reaction in tissues infected
with PWN. To estimate this degeneration and necrosis, various methods have been adopted. For example, lipid peroxidation,
electrolyte leakage, macro- and micro-scope observation of tissue or cells stained by a reagent has been available. However, as
these methods only partially estimate the resistance of tissue, new indices are needed. 

Weak photon emission is a candidate in this regard, as weak photon emissions intensively reflect the physiological status of
living organisms, and plant defense reactions induced by elicitor substances such as filamentous fungi, are related to emission.
Weak photon emission from PWN-infected pine species has not been explored. However, if tissue resistance is accurately
reflected in weak photon emissions, then this technique may be useful as a simple index of resistance to PWN, which overcomes
the need for special reagents and is effective at low levels of tissue damage. For this reason, weak photon emissions for Japanese
black pine inoculated with PWN was characterized.  

The first peak of photon emission from branch piece appeared within 30 min after inoculation with PWN, and the second
peak was observed approximately 70 hr after inoculation. The first photon emission lasted for 1 hr, but the second emission
lasted over 100 hr. Branch pieces succumbed to full browning 10 days after inoculation. Photon emission strengths rose in
twofold number of PWN inoculation. Loblolly pine, a resistant plant to PWN, emitted photons approximately 19 hr after
inoculation and more weakly than for Japanese black pine. However, photon emissions from the inoculated, but non-hosting
Japanese cedar did not increase. These results suggest that the first and second peaks were related to substance(s) originating
from the nematodes and from cell damage caused by nematodes, respectively. 

These are the first reports of weak photon emission from Japanese black pine. However, as photon emission pattern was not
obtained to indicate defense reaction of black pine tissue in the present stage. More work is required to refine an index of
resistance to PWN.  

 

Japanese black pine seedlings resistant to PWN are routinely produced in field inoculation trials. However, culturing PWN is
difficult, and, on average, approximately 50% of black pine seedlings derived from seed orchards die after inoculation. In
addition, labor costs for this intensive summer work makes seedling production expensive. Therefore, it is necessary to lower the
costs of producing resistant seedlings. While family and environmental conditions are known to affect post-inoculation survival,
seedling morphological features are potential predictors of resistance, meriting further study. For this reason, correlations
between morphological factors (such as height, stem diameter at ground level, and number of branches on seedlings) and
disease resistance were examined with 16 families for three years, in order to improve the production efficiency of 1-year-old
seedlings for inoculation. 

Family relatedness and environmental conditions strongly affected seedling resistance, according to logistic regression
analysis. Although branch number was unrelated to survival, height and stem diameter at ground level correlated significantly 
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with disease resistance in PWN-inoculated seedlings. Since height did not interact with any other factor, it was concluded that the
height of 1-year-old Japanese black pine seedlings was independently correlated with PWN resistance. Thus, field inoculation
trials should use tall seedlings for enhanced survival rates. 
 

Some researches suggest that resistance intensity of seedlings is not stable. Percentages of symptomless seedlings in inoculation
trials fluctuate due to varying environmental conditions. As culturing technique of PWN is also needed, only skilled grower can
product symptomless resistant seedlings inoculated with PWN. An approach which avoids these problems is to propagate
resistant trees from cuttings obtained from healthy seedlings that have been inoculated with PWN. Although rooting rates are
generally low in cuttings of Japanese black pine, the cuttings obtained from certain stock plants have exhibited high rooting rates.
Further, the rooted cuttings taken from resistant, PWN-inoculated seedlings demonstrate high survivorship following their own
PWN inoculations, suggesting that re-inoculation to confirm the resistance of rooted cuttings is not required. The production of
resistant, rooted cuttings has been estimated to be less expensive than other methods of propagation, and its application in
Japanese black pine propagation is expected to increase. 

To achieve successful establishment of Japanese black pine cuttings, high rooting ability is necessary, because genetic potential
and the other features are strongly associated with rooting responses. While rooting ability varies with variety, the roles played by
physiological status and morphological features (such as crown position of stock plants from which cuttings were taken, weight and
number of winter buds of cuttings) have not been revealed. Additionally, although needles from new shoots do not emerge before
rooting of pine tree cuttings takes place, regardless of the elongation of the new shoots, the relation between root volume and needle
growth remains unclear.  The relationship between morphology and rooting was investigated, and the variety of cutting stock and
the crown position of stock plants from which cuttings were taken were markedly associated with rooting were found.    

The rooting percentage was markedly higher for cuttings taken from the lower crown than for those from the upper crown, as is
the case for other coniferous tree species. The crown position did not interact with any other factor, and substantially and
independently associated with rooting. Fresh weight and number of winter buds did not correspond with rooting performance. The
length of the longest needle just before excavation of rooted cuttings correlated with the root volume of cuttings and also interacted
with the crown position and fresh weight of cuttings. Further analysis confirmed a significant correlation between the length of the
longest needle and root volume, suggesting that needle growth is a good predictor of this attribute. These findings may contribute
to improved propagation of Japanese black pine cuttings. 
 

If resistance to PWN could be identified at the tissue level for Japanese black pine, the production efficiency of resistant seedlings
may show improvement. This study characterized tissue degeneration as a predictor of longevity for post-inoculation seedlings and
weak photon emission characteristics for Japanese black pine tissue damaged by PWN. However, this study was unable to
characterize whole seedling resistance on the basis of tissue resistance and/or weak photon emission. It may be necessary to
develop techniques for estimating tissue resistance, which also predict whole seedling resistance, and to further investigate weak
photon emission signatures as indices of resistance to PWN. 

It was also characterized the predictive usefulness of seedling size as an indicator of post-inoculation resistance and established a
robust correlation between crown position of stock plants used for cuttings and rooting success. Bypassing small size seedling
inoculation trials may reduce labor costs for production by 78%. While the production of resistant seedlings may temporarily
decrease, the retention of 20% of existing, healthy post-inoculation seedlings as stock plants will provide a basis for building stocks.
After five years, the number of resistant seedlings and rooted cuttings available will increase as cuttings taken from the lower parts
of the crowns become available.  

As these efficiencies reduce prices and deliver resistant trees, supplies will be made available for coastal forest and tide wall
restoration. The development of high-resistance and better rooting new varieties, improvements in inoculation techniques, and
improved lower crown pruning of stock plants for cuttings are all needed to support  production in the context of Pine  
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wilt.resistant seedlings may show improvement. This study characterized tissue degeneration as a predictor of longevity for post-
inoculation seedlings and weak photon emission characteristics for Japanese black pine tissue damaged by PWN. However, this
study was unable to characterize whole seedling resistance on the basis of tissue resistance and/or weak photon emission. It may
be necessary to develop techniques for estimating tissue resistance, which also predict whole seedling resistance, and to further
investigate weak photon emission signatures as indices of resistance to PWN. 

It was also characterized the predictive usefulness of seedling size as an indicator of post-inoculation resistance and established
a robust correlation between crown position of stock plants used for cuttings and rooting success. Bypassing small size seedling
inoculation trials may reduce labor costs for production by 78%. While the production of resistant seedlings may temporarily
decrease, the retention of 20% of existing, healthy post-inoculation seedlings as stock plants will provide a basis for building
stocks. After five years, the number of resistant seedlings and rooted cuttings available will increase as cuttings taken from the
lower parts of the crowns become available.  

As these efficiencies reduce prices and deliver resistant trees, supplies will be made available for coastal forest and tide wall
restoration. The development of high-resistance and better rooting new varieties, improvements in inoculation techniques, and
improved lower crown pruning of stock plants for cuttings are all needed to support  production in the context of Pine
wilt. 
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