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Abstract This study identifies the
substitutability among apple production technology bundles.
To identify the production technology bundle relationships,
this  paper the
technology groups, including a high density plant, normal
density plant, M9, M26, more than 70% adoption ratio of
a medium-maturing variety, the adoption of a new variety,
artificial pollination, and low-temperature storage. The results
show that M9 has a complementary relationship with a
high density plant, yet a substitute
normal density plant. Meanwhile, M26 has a complementary
relationship with both a high and normal density plant. No
substitute relationship is found between M9 and M26, yet a
complementary relationship is identified between the adoption

complementarity or

focuses on 8 most commonly used

relationship with a

of artificial pollination and low-temperature storage and M9
or M26.
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Table 1. Signs of and by technology relationship

Technology relationship yE v
Complement + +
Independent - +

Substitute - -

Table 2. Survey samples of apple farms

Cultivation Sample Cultivation ~ Sample

DSy area (ha) size DSy area (ha) size
Yeongju 2,989 33 Miryang 704 8
Andong 2,947 32 Jangsu 606 7
Uiseong 2,751 30 Jecheon 601 6
Cheongsong 2,648 28 Hamyang 554 6
Chungju 1,740 19 Gunwi 529 6
Geochang 1,567 17 Yeongdeok 480 5
Mungyeong 1,515 17 Goesan 476 5
Bonghwa 1,347 15 Boeun 460 5
Yesan 1,085 12 Yeongyang 421 5
Pohang 927 10 Muju 416 4
Yeongcheon 782 8 Gimcheon 410 4
Sangju 782 10 Yeongdong 404 4

Yecheon 753 8 Total 27,894 300

S7M 71 el thsAnt A3

=3

AR A, 55 EACIep) T Faol 2
2

A3 AR WalE g ek 2ehn He )
WAl SEdel URE  SlE FEE des o
of Wk stk Ea Ak EE Wk A, £ 5

o] ge})7) wHw, e Gl Yol AFE Flsfor Bk,

Table 3 Als} E25 B8 57} A Sl
TARNATE BAET 5159 A} A EESE V)
7} 352%2 71 Bgron, oo w 371(27.3%), 171(18.1%)
Fom et Al A 24 287 Al 7))
PSR e A AstE Ssud €Y, 3
o, A, BEAZE So] srte] A EESo] BAHC
2 893 BB AL Aow ekl = @, A
o, ARA, LEAZk] we} Alzhe] Au) EEFe 488

o] GEAE AL Ve,

gl

=

He
WEe Yie A4zdn AXe s E5 2
Fasle). gEe) FHol B A4, BAAGE 2 ]

Table 3. Rate of cultivation variety adoption number and cross
correlation with other factors

Number of . Cross correlation
.. Adoption
cultivation  Frequency rate (%) 2
variety Q Factors X
1 55 18.1 Age 273  ®%
2 107 352 Districtof ) |
cultivation
3 3 273 Cultivation 550 kk
area
4 32 105 Cultivation 5
experience
5 19 6.3 Hours of 46 7
education
6 8 2.6

Note: ** p<0.05, *** p<0.01.

Table 4. Rate of root stock adoption and cross correlation with other
factors

Adoption Cross correlation
Root stock type  Frequency rate 2
(%) Factors X
M9 72 23.7 Age 30.1 **
M26 167 s49  Districtol g
cultivation
MM106 5 16 Cultivation  yg e s
area
M9-+M26 4 141  Cultivation g5
experience
M26+MM106 12 4.0 Hours of 39 3 g
education
M9+M26-+MM106 5 1.6

Source: Korean Statistical Information Service, 2010.

Note: **¥p<0.05, ***p<0.01.
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Table 5. Rate of plant density adoption and cross correlation with other
factors

Plant density Adoption Cross correlation
/10a) Frequency Rate 5
(trees (%) Factors X
less than 89 72 23.7 Age 58
89~125 170 559 DlSFI‘lCt. of 6.5
cultivation
greater than 126 62 20.4 Cultivation 85
area
Cultl\{atlon 6.0
experience
Hours of
education 23

Table 6. Rate of storage adoption and cross correlation with other factors

Adoption Cross correlation
Storage Frequency Rate 2
(%) Factors X
No storage 158 52.0 Age 6.1
Ordinary s
temperature 17 56 District of 15 g
cultivation
storage
Low temperature 124 408 Cultivation 24 0%xx
storage area
CA storage 5 1.6 Cultivation 9.8
experience
Hours of
education 96

Note: ***p<0.01.
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Table 7. Technology adoption of apple production

Number of Technoloey adoption Number of
technology £y adop adoption
2 TIT3(4.3), TIT4(7.9), T1T7(0.3) 3
3 TIT2T3(0.7), TIT2T4(6.9), TIT2T7(0.3), TIT3T4(1.6), TIT3T6(0.7), TIT3T7(5.3), 1

TIT3T8(1.3), TITAT5(1.0), TITAT6(1.0), TIT4T7(9.2), TITAT8(5.9)
TIT2T3T4(0.7), TIT2T3T7(0.3), TIT2T3T8(1.0), TIT2T4T6(0.7), TIT2T4T7(2.3),
4 TIT2T4T8(1.3),TIT2T7T8(0.3),TIT3T4T6(0.3), TIT3T4T7(2.6), TIT3T4T8(0.3), 21
TIT3T5T7(0.7), TIT3T5T8(0.3), TIT3T6T7(0.7), TIT3T6T8(0.7), TIT3T7T8(3.6),
TIT4T5T6(1.0), TITAT5T7(1.3), TITAT6T7(1.0), TITAT6T8(1.3), TITAT7T8(8.2), T2T4T6T7(0.3)
TIT2T3T4T6(0.3), TIT2T3T4T7(0.3), TIT2T3T4T8(0.7), TIT2T3T6T7(1.0), TIT2T3T6T8(0.3),
TIT2T3T7T8(0.7), TIT2TAT5T7(0.3), TIT2T4AT6T7(1.0), TIT2T4T6T8(0.3), TIT2TAT7T8(3.6), 13
TIT3T4T6T7(1.0), TIT3TAT6T8(0.7), TIT3T4T7T8(2.0), TIT3T6T7T8(2.3), TITAT5T6T7(0.7),
TITAT5T6T8(0.3), TITAT6T7T8(1.3), T2T3T4T6T7(0.3)
TIT2T3T4T6T7(0.3), TIT2T3T4T7T8(1.3),
6 TIT2T4T5T6T7(0.3), TIT2TAT6T7T8(1.6), 6
TIT3T4T5T7T8(0.3), TIT3TAT6T7T(1.3)
7 TIT2T3T4T6T7T8(1.0), TIT3T4TST6T7T8(0.3) 2
Total 61

Note: Numbers in parentheses indicate the rate(%) of technology adoption.
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Table 8. Testing results of technology adoption in apple production

TIT4T7T8] H&AAIS Yeled o=

oz 249 o derd ALAdS HedA
Uepdch B3 TIT3T6T7TSe] RATA LS T3 AlEF

M9, M26°] U=
_%_
—Z

o EQle M9o] WEFYOR 2T Aol AFSE, A

2T T

2AgT Agete] BebdAE veRd S

TIT2T7, TIT2T4T8Z% 0] Al 2AY
23} e gABAde 223

oMot 2Fo] M9F M26<2 tf 3ol

S B
= =

g 5 glout ARzt g4HE 2

o

=
PN
e

of g},

S gAFAYLE FT 5 Utk TIT3T4T7, TIT3T4TS,
TIT3T4T6TSS 2] Z &A= tA A7 YeR} Da583)

Qutge] WABAYE ek A5

5% & ek 2

2I3L TIT2T3T4T7EZY = SR ZAJY o714 M9z} Lut
[e)

o ABAY S & F Ak S it

95% significant level of
Number of technology Technology adoption 9k Bundle relationships
yH

2 TIT3 0.030 0.057 Complement
T1T4 0.023 0.051 Independent

TIT7 —-0.023 —-0.017 Substitute
3 TIT2T3 0.002 0.013 Independent
TIT2T4 0.046 0.078 Complement

TIT2T7 —0.007 —-0.008 Substitutes

TIT3T4 -0.020 —0.008 Substitutes
TIT3T6 0.003 0.014 Independent
TIT3T7 0.035 0.062 Complement
TIT3T8 0.004 0.020 Independent
TITATS 0.006 0.019 Independent
TIT4T6 —0.006 0.003 Independent
TIT4T7 0.015 0.050 Independent
TIT4TS 0.018 0.032 Independent

Curr Res Agric Life Sci (2015) 33(1): 07-14
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Table 8. Continued

95% significant level of
ANl g Technology adoption ﬁk—?z Bundle relationships
technology
z | z
4 TIT2T3T4 -0.017 0.003 Independent
TIT2T3T7 —-0.010 0.004 Independent
TIT2T3TS8 —-0.003 0.022 Independent
TIT2T4T6 —0.006 0.013 Independent
TIT2T4T7 —-0.020 0.015 Independent
TIT2T4T8 -0.016 —-0.000 Substitutes
TIT2T7T8 —0.008 0.005 Independent
TIT3T4T6 -0.013 0.001 Independent
TIT3T4T7 —-0.046 —-0.001 Substitutes
TIT3T4T8 -0.030 -0.012 Substitutes
TIT3T5T7 —-0.002 0.017 Independent
TIT3T5T8 —0.001 0.011 Independent
TIT3T6T7 —-0.006 0.012 Independent
TIT3T6T8 —0.028 0.016 Independent
TIT3T7T8 0.005 0.047 Complements
TIT4TST6 —0.001 0.024 Independent
TIT4TST7 —-0.003 0.024 Independent
TIT4T6T7 —0.022 0.002 Independent
TIT4T6TS —0.009 0.015 Independent
TIT4TTT8 0.008 0.065 Complements
T2T4T6T7 —-0.009 0.011 Independent
5 TIT2T3T4T6 —0.005 0.008 Independent
TIT2T3T4T7 —-0.025 —-0.009 Substitutes
TIT2T3T4T8 -0.010 0.010 Independent
TIT2T3T6T7 —-0.002 0.023 Independent
TIT2T3T6T8 —0.001 0.010 Independent
TIT2T3T7T8 -0.006 0.013 Independent
TIT2T4AT5T7 -0.003 0.009 Independent
TIT2TAT6T7 -0.007 0.016 Independent
TIT2T4T6T8 —0.004 0.008 Independent
TIT2T4T7T8 —-0.011 0.022 Independent
TIT3T4T6T7 -0.015 0.008 Independent
TIT3T4T6T8 —-0.007 0.013 Independent
TIT3T4T7T8 —-0.033 —-0.002 Substitutes
TIT3T6T7T8 0.001 0.032 Complements
TIT4T5T6T7 —-0.002 0.017 Independent
TIT4T5T6T8 —0.001 —0.000 Substitutes
TIT4AT6T7T8 -0.012 0.011 Independent
T2T3T4T6T7 -0.006 0.011 Independent
6 TIT2T3T4T6T7 —0.007 0.007 Independent
TIT2T3T4T7T8 -0.010 0.016 Independent
TIT2T4T5T6T7 -0.001 0.011 Independent
TIT2TAT6T7T8 -0.004 0.020 Independent
TIT3T4TSTTT8 —0.004 0.008 Independent
TIT3T4T6T7T8 —-0.007 0.019 Independent
7 TIT2T3T4T6T7TS —0.004 0.008 Independent
TIT3T4ATST6T7TS —0.001 0.010 Independent

Y3 MoS HolT BAFAF A, Mo M6 A 671 23, SRR 467 23, dABATE 071 =
QA FYET Ak TG M6 Y, BASY  Foldth. J1EEge Ul HYd 2FOR Ueth 1
3 noElE AAele Qow 21 4 dn. 95 WAL &zl 3471 gl ol vekgton,

Nexge) ARVAS AT A% Table 05} ol mR  UAH AL 1ExTe] 457U Aol Beol Uekae
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Table 9. Number of complementary, substitute and independent
technology bundles among the 61 possible bundles

Number of .
A e Complementary Substitute  Independent Total
2 1 1 3
2 2 7 11
4 2 3 16 21
5 1 3 14 18
6 0 0 6 6
7 0 0 2 2
Total 6 9 46 61
...... Plan' dElSil}' - ROO( S(Otk eesccncecans

High density(T1) | «—— Complement —» M9(T3)
™~ Comple el
-ment
Substitute \
. el
Normal density(T2) | «—— Complement —— M26(T4)

Figure 1. Relationship of production technology between plant density
and root stock.
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