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제 장 연구개발과제의 개요 및 성과목표1
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제 장 국내외 기술개발 현황2
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제 장 연구개발 수행 내용 및 결과3

Fig. 1. Different treatments in this experiments; mulching materials(left), root pruning by
plunging a spade(centre) and knip times(right).
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Fig. 2. Electronic pressure measurement devices for monitoring of root pressure. Operating
pressure is 0 to 100kPa in temperature between 40 and 125 .– ℃
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Fig. 3. Changes of soil temperature at 12cm depth under different mulching materials and clean
culture as control.
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Fig. 4. Changes of root pressure under different mulching materials and clean culture as control.
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Table 1. Missing plant rate in production of nursery apple trees with different mulching materials.

Treatment M.9 M.26

Control (clean culture) 10% 0%

Black P.E. film 17% 0%

Transparent P.E. film 47% 7%

Control (clean culture) Black P.E. film mulching Transparent P.E. film mulching
M.9

Control (clean culture) Black P.E. film mulching Transparent P.E. film mulching
M.26

Fig. 5. Growth status of nursery apple trees on M.9 and M.26 with different mulching
materials on May 11, 2015.
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Table 2. Effect of different mulching materials in production of nursery apple trees.

Rootstock Treatmentz Total shoot
growth (cm)

Avg. shoot
length (cm)

Tree
height (cm)

Trunk
diameter
(mm)

No. of
shoots per

tree

M.9

Control 915.6 a 50.8 a 220.5 a 20.2 a 18.5 a

Black P.E. film 779.8 a 46.7 a 209.5 ab 19.8 a 15.7 ab

Transpar-P.E. film 622.6 a 54.0 a 189.3 b 20.2 a 12.2 b

M.26

Control 749.2 a 42.1 a 235.3 a 19.2 a 18.5 a

Black P.E. film 914.7 a 44.8 a 238.6 a 18.6 a 20.5 a

Transpar-P.E. film 801.9 a 40.4 a 234.3 a 18.6 a 19.8 a
zTreatment of different mulching material applied on 6 March, 2015.
yMean separation within columns by Duncan’s multiple range test at P = 0.05.

Control Black P.E. film Transpar-P.E. film Control Black P.E. film Transpar-P.E. film
M.9 M.26

Fig. 6. Comparison of nursery apple tree quality produced with different mulching materials.
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Fig. 7. Changes of root pressure with different water managements.
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Table 3. Missing plant rate in production of nursery apple trees with different water managements.

Treatment M.9 M.26

Irrigation 27% 3%

Non-irrigation 37% 0%

Irrigation Non-Irrigation
M.9

Irrigation Non-Irrigation
M.26

Fig. 8. Growth status of nursery apple trees with different water managements on May 11, 2015

Table 4. Effect of different water managements in production of nursery apple trees.

Rootstock Treatmentz Total shoot
growth (cm)

Avg. shoot
length (cm)

Tree
height (cm)

Trunk
diameter (mm)

No. of
shoots per

tree

M.9
Irrigation 742.7 a 43.3 a 222.3 a 19.3 a 17.3 a

Non-irrigation 788.3 a 44.5 a 209.5 a 21.5 a 17.5 a

M.26
Irrigation 835.5 a 44.8 a 231.5 a 19.7 a 18.6 a

Non-irrigation 801.0 a 43.1 a 231.7 a 19.7 a 18.6 a
zTreatment of irrigation and non-irrigation applied on 6 March, 2015.
yMean separation within columns by Duncan’s multiple range test at P = 0.05.
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Non-irrigation Irrigation Non-irrigation Irrigation
M.9 M.26

Fig. 9. Comparison of nursery apple tree quality produced with different water managements.
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Fig. 10. Changes of root pressure according to knip-dates.

Table 5. Missing plant rate in production of nursery apple trees with different knip-dates.

Treatment Date for ‘Knip’ M.9 M.26

3/9 27% 0%

4/2 20% 0%

4/23 7% 0%
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March 9 April 2 April 23
M.9

March 9 April 2 April 23
M.26

Fig. 11. Growth status of nursery apple trees with different knip-dates on May 11, 2015.

Table 6. Effect of different knip-dates in production of nursery apple trees.

Rootstock Treatmentz Total shoot
growth (cm)

Avg. shoot
length (cm)

Tree
height (cm)

Trunk
diameter (mm)

No. of
shoots per

tree

M.9

2015.03.09 923.1 a 48.4 a 223.6 a 20.8 a 19.0 a

2015.04.02 1015.0 a 51.1 a 229.1 a 21.2 a 19.9 a

2015.04.23 703.1 b 40.0 b 219.1 a 19.6 a 17.7 a

M.26

2015.03.09 925.5 a 45.7 a 239.3 a 19.4 b 20.3 a

2015.04.02 922.8 a 50.7 a 239.2 a 21.3 a 18.1 b

2015.04.23 805.7 a 48.6 a 234.5 a 19.7 ab 16.5 c
zKnip was applied on 9 March, 2 April and 23 April, 2015.
yMean separation within columns by Duncan’s multiple range test at P = 0.05.
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March 9 April 2 April 23 March 9 April 2 April 23
M.9 M.26

Fig. 12. Comparison of nursery apple tree quality produced with different knip-dates.
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Fig. 13. Changes of root pressure with different root prunings. indicates pruning time.↓
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Table 7. Missing plant rate in production of nursery apple trees with different root prunings.

Root pruning M.9 M.26

Control 20% 0%

1-side 10% 0%

2-sides 7% 0%

Control 1 side root pruning 2 sides root pruning
M.9

Control 1 side root pruning 2 sides root pruning
M.26

Fig. 14. Growth status of nursery apple trees with different root pruning on May 11.



- 28 -

Table 8. Effect of different root pruning in production of nursery apple trees.

Rootstock Treatmentz Total shoot
growth (cm)

Avg. shoot
length (cm)

Tree
height (cm)

Trunk
diameter (mm)

No. of
shoots per

tree

M.9

Control 784.9 a 45.0 a 214.9 a 19.4 a 17.1 a

1-side 759.9 a 42.1 a 222.9 a 20.4 a 17.9 a

2-sides 543.9 a 36.4 a 218.5 a 19.8 a 15.2 a

M.26

Control 938.3 a 46.2 a 236.2 a 20.6 a 20.3 a

1-side 762.5 a 40.1 a 230.1 a 19.1 a 18.8 ab

2-sides 701.9 a 41.0 a 231.4 a 20.7 a 16.9 b
zTreatment of different root pruning treatment applied on 2 April, 2015.
yMean separation within columns by Duncan’s multiple range test at P = 0.05.

Control 1 side root
pruning

2 sides root
pruning Control 1 side root

pruning
2 sides root
pruning

M.9 M.26
Fig. 15. Comparison of nursery apple tree quality produced with different root pruning.
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제 장 목표달성도 및 관련분야에의 기여도4
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제 장 연구개발 성과 및 성과활용 계획5
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제 장 연구개발과정에서 수집한 해외과학기술정보6
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