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The Effects of Environment-Friendly Agricultural Materials
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on Soil and the Quality of ‘Niitaka' pear’s Orchad

Yoon, Seong-Tak - Xu, Zhen-Yu - Zhang, Qing-Yu + Kim, Tae-Ho -
Nam, Jung-Chang - Park, Sang-Hun - Kwak, No-Il -
Mun, Su-Hak - Lee, Hyuk-Jae - Choi, Jin-Ho

Coming with the well-being era, consumer’s demand for safe agricultural products
is increasing. It is urgent to develop an environment-friendly pear production
system. Accordingly, this study was conducted to develop an environment-friendly
pear production system by using several environment-friendly agricultural materials
which is known to be effective in agricultural production. In the effects of
environment-friendly agricultural materials on the soil chemical characteristics in
pear orchard, the content of total carbon, organic matter, Ca and Mg increased a
little respectively compared with those of 2008, and 2nd treatment showed the
highest EC and Mg content in the soil among treatments. The content of leaf N,
P and Ca in 2009 decreased compared with those of 2008, while Mg content
showed no difference between 2008 and 2009 years. Average pear weight in 2009
was 31g higher than that of 2008 (682g) and 2nd treatment showed the highest
pear weight (738g) among treatments. The average sugar content was higher in
2009 (12.6°Bx) compared with that of 2008 (12.2°Bx) and the plot of 2nd
treatment highest sugar content (12.6°Bx) among treatments. There were no
difference in hunter value of L among treatments, but hunter value of a showed
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higher 1.62 in 2009 than that of 2008 (3.73). The highest of gumminess and
cohesiveness of fruits were obtained from Ist treatment and adhesiveness and
chewiness of fruits were obtained from 3rd and 1st treatment respectively.
Firmness of fruit increased a little in 2009 compared with that of 2008, while the
highest firmness was obtained from 3rd treatment with 1.63kg/5Smm ¢ among
treatments. Phosphate content in the peel of ‘Niitaka’ pear of fruit skin in 2009
(0.97g/kg) showed 0.06g/kg more content than that of 2008 (0.91g/kg), while the
highest content was obtained from 3rd treatment (1.15g/kg). Potassium content in
the peel of ‘Niitaka’ pear in 2009 was 8.20g/kg, which is 0.06g/kg more content
than that of 2008 (7.82g/kg) and the highest content was obtained from Ist
treatment (8.34g/kg) among treatments. The highest nitrogen content in the flesh of
‘Niitaka’ pear was obtained from 3rd treatment (4.32mg/g), while it was the lowest
in control plot (3.10mg/g). Phosphate content in the flesh of ‘Niitaka’ pear in 2009
(8.20g/kg) showed 0.06g/kg more content than that of 2008 (7.82g/kg), while the
highest content was obtained from 1st treatment (8.34g/kg). There were no differ-
ence of the potassium content in the fruit peel of ‘Niitaka’ pear between years, but
1st treatment showed the highest content (11.81g/kg) among treatments, while the
lowest was obtained from the control plot (10.83g/kg).

Key words : orchard soil, environment-friendly pear production system,
environment-friendly agricultural materials, pear quality

[. M al

AA g FEHE 77.6%Z A5 JTHMFAFF, 2008). 53] <Al Hj
A AMEA L 70% oS AR Ue FELE WS TiEe B2

FEAAH] T FFOIHA 5, 2007). HZ FdEDo] 4] gL S AEsAt
= A4 3 FHY TN dFS FASE 3

T E BstA o] FoiX 1 JTHE 5, 2009; & &, 2001; ©] 5, 2009; ©] 5, 2009;

FE, 2000). 95 bR FAEC] Bie FHe &9 AT HE AFIE AHQ
o3
A

o
1o
i
o
»
X
Sl

%0 v mH z
2 o de do r ¢

X
bl h
], X8 FE A AfujH o] 20031 22,235haol| A 174,107ha2 F-2] 7.88) 7} Z7}3HA



A AL/ e B W HAFL VAE 9T 615

gol AT e T W ABAFEANE o] 23 Aeiste] ol FAFFAMN =
FAEt EFEA 2 HAFL VAE L ARG FAR AN GEAE B
ol ek,

1. X352 A =

2 ATFE 2008~2009 20 AA S okt S8 Y duksrt wjas
0.lha (407, 2534 S dakste] Al@S AAsIATh v FE2
A 2= Table 1049} o] thxT, 14, 24| B 34 FE 3t th I8P FAA=
AT QENA AL FaArYEAAA AmoS HIE3I Amo-bokasi, TFAFAR], FFHAH
= ok g7}A) 259 ABRAFAANE 32T 02 3FATHTable 1). ABASAA A Z, Xz
Sl Table 101419} o] @ejste] A st on, T&7a] 3vtE o2 st & -5AA
o] Hlg ¥ T oz F& /A FAEAT AYde EUNEA 5€ 20,
HET7 59 239 G Table 191419} o] &}l om, gk AT 9= Table 16419} ).
7z FAAE A FS 7 AR FAAE FHF st5o] A sk

3

A WHEle 20080 FALE EFS] o] EAd S 7|F O E Amo-bokasi, 7| EAL,

o

ft
o2
1)
£

[‘

2 A5 5 Bl Aulsel 4B FPA7TA 108 Fao) AAT EF ARE
2ajsle] Eolsiatd MalE wa RS s,

Ze B SRR B BT WEH WA, F2A 5 dnpds sEAFY BE
Aol s

Table 1. Several environment-friendly agricultural materials treated in this experiment

. Level of No. of Date of Site of
Materials
treatment treatment treatment treatment
Control Conventional cultivation
1) Amo-bokasi Optimum directed | 1 time June 21 Soil
1 2 Ar.no effect}ve Optimum directed | 1 time June 28 Plant
microorganisms
treatment
3) Photosynthetic bacteria Optimum directed | 2 time | Aug. 9, Aug. 28 Plant
4) Dangdoreok Optimum directed | 2 time | Aug. 9, Aug. 28 Plant
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. Level of No. of Date of Site of
Materials
treatment treatment treatment treatment
0,
1) Amo-bokasi 50% more | time June 21 Soil
Optimum directed
2) Silicate liquid manure Optimum directed | 2 time June 21, Aug. 6 Soil
2 3 Ar.no effecthlve Optimum directed | 2 time | Aug. 9, Aug. 28 Plant
treatment microorganisms
4) Dangdoreok Optimum directed | 3 time Avg. 9, Aug. 28 Plant
Sep. 12
5) Chitosan Optimum directed | 3 time Aug. 9, Aug. 28 Soil
Sep. 12
D ACth%}tlI‘lg 1.1qu1d Of. Optimum directed | 2 time | Aug. 9, Aug. 28 Plant
effective microorganisms
2) Calcium of coral reef Optimum directed | 1 time July. 11 Soil
3 3) Dangdoreok Optimum directed | 2 time | Aug. 9, Aug. 28, Plant
treatment
D Arpo effect.lve Optimum directed | 2 time Aug. 9, Aug. 28 Plant
microorganisms
5) Photosynthetic bacteria | Optimum directed | 2 time | Aug. 9, Aug. 28 Soil
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S EST g2 #AAFQ o2 A st EAAEE o] &3t S w&X
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d |
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Aot EYY 7182 TywrinH o2, §38 Q4H2 Lancasterf &2 4514
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CEEREIEE
55 549 o dle 2 FolE molA Atk F71%, Ca
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Mg S-S 20081 o] s
°|3l AATH Hdo] EFL REE YE, AEE

A we 3P

21oFE o] ¢} 1:]—(Table 2).

Table 2. Soil chemical properties between years and treatments in environment-friendly
agricultural materials-treated soils

pH EC OM | Av. P,Os Ex. cation(cmol” kg’l)

B . Soil class
(1: )] ds m" | (%) |(mgke)| g | ca Mg | Na
2008 year 69 | 042 |325| 3334 | 070 | 9.83 | 040 | 0.06 | Loam
Control
2009 year 69 | 042 |324| 3325 | 071|984 | 042 | 0.06 | Loam
! 2008 year 69 | 045 |330| 3334 | 075 |10.12| 042 | 0.06 | Loam
treatment Soil

2009 year depth 6.9 047 | 334 | 3342 | 0.82 | 11.21| 0.50 | 0.07 Loam

2008 year O~ | 69 0.54 | 333 | 3,410 | 0.69 | 1434 | 0.54 | 0.08 Loam

¢ tz ¢ 30cm)

reatment | 5009 year 70 | 056 |342| 3470 | 0.81 | 16.45| 0.59 | 0.08 | Loam
3 2008 year 69 | 048 |332| 3,890 | 1.00 | 12.53 | 0.46 | 0.08 | Loam
treatment

2009 year 6.9 053 | 333 | 3,770 1.24 11643 | 0.48 | 0.98 Loam
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pH | EC | OM |Av. P0s| EX cation(cmol " kg™)

B . Soil class
(1: 5)| ds m" | (%) |(mghkegh)| x | ¢, Mg | Na
2008 year 69 | 041 | 1.18| 1,973 | 0.73 | 950 | 0.33 | 0.09 | Cray loam
Control
2009 year 69 | 041 |1.19| 1,971 | 0.77 | 952 | 033 | 0.09 | Cray loam
! 2008 year 6.9 | 041 | 1.18| 1,98 | 0.75 | 9.50 | 0.38 | 0.08 | Cray loam
treatment Soil

2009 year depth 6.9 041 | 1.21 1,989 | 0.79 | 9.62 | 0.39 | 0.85 | Cray loam

5 2008 year | GO~ | 70 | 040 | 1.17| 1,993 | 0.56 | 9.59 | 0.31 | 0.06 | Cray loam

60cm)
treatment | 5609 year 70 | 041 | 125| 2,006 | 0.84 | 1021 | 038 | 0.08 | Cray loam
;| 2008 year 68 | 040 | 1.17 | 2,007 | 0.52 | 807 | 048 | 0.05 | Cray loam
treatment | 5609 yeqr 69 | 040 | 1.19 | 2,012 | 0.63 | 923 | 0.48 | 0.07 | Cray loam
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o] 4215}. 5] VJ 914k Jﬂ;ﬁg T 2008
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Table 3. Effects of environment-friendly materials on leaf mineral content in ‘Niitaka' pear

Treatment Year T-N(%) T-P(%) T-K(%) T-Ca(%) T-Mg(%)
2008 2.06 0.26 1.99 1.96 0.50
Control 2009 1.81 0.21 2.08 1.04 0.48
Average 1.94 0.24 2.04 1.50 0.49
2008 1.98 0.24 2.04 2.02 0.48
1 treatment 2009 1.90 0.17 2.30 0.87 0.50
Average 1.94 0.21 2.17 1.45 0.49
2008 2.06 0.25 1.80 1.73 0.48
2 treatment 2009 1.90 0.16 1.63 0.84 0.45
Average 1.98 0.21 1.72 1.29 0.47
2008 1.91 0.32 1.89 2.09 0.40
3 treatment 2009 1.53 0.19 221 0.95 0.45
Average 1.72 0.26 2.05 1.52 0.43
LSD(0.0.5) between treatments 0.08 0.02 0.14 0.09 0.02
LSD(0.0.5) between years 0.06 0.02 0.10 0.06 ns

0083 7 682goll B3 200930l = 713g 0 2 31go] =
= 7 22877} 738g 0.8 1 whow, R} 66302 7}
7 grol AR AFAA AYar} JE Aow AddH.

o] FETEFS 12.2~12.6°BxZ 2008'd 3t 12.2° BxollA] 2009 12.6°BxE F=7}
EokoH, FoAde] JAFHUT HEtdle e 2 24277 12.6°BxE 7P =90
B, 442 #7h 122°Bx2 7Hg Wit 2 5(2007)2 sHabujel M w1609 FE}
13.40.1°Bxo] ke st om, & F(2003)2 Aavw) AF 2o e =
11.6°Bxo| A thaL st =tl, & A9 Fre AR}l HIsjMe 7t e Hol o,
Aol HIE| A= £ HolUoh FAHEE 200839l vl 200913 k7 F7}

A2 FFZrel = 33277} 1.63kg/Smm § 02 71g ZIt(Table 4). ¥ A1
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Bt AEE 2.1kg/Smm ¢ 24 78] 237 vlaste] 2 xpol7) ¢tk

Abeteke z)g] @ Axto] wWE xpolzt IUTH(Table 4). 3 & 5(2000)2] GA =X A}
D3tz AE7F Ao wiu-Fo s 3l FE B A mXE GEFellA GA 2
A3t Ao WE G Hi 1LIBxEAN EAF e Ay Hts vttt

Table 4. Effect of environment-friendly materials on fruit quality in ‘Niitaka’ pear

Treatment Year Fruit weight Soluble solids Firmness Acid content

(2) (°Bx) (Kg/Smm § ) (%)

2008 641 12.5 1.06 0.12

Control 2009 685 12.6 1.56 0.11

Average 663 12.6 1.31 0.11

2008 684 12.1 1.56 0.15

1 treatment 2009 705 12.6 1.55 0.10

Average 695 12.4 1.56 0.13

2008 734 12.1 0.97 0.14

2 treatment 2009 741 13.1 1.60 0.12

Average 738 12.6 1.29 0.13

2008 669 12.2 1.05 0.14

3 treatment 2009 721 12.1 1.70 0.12

Average 695 12.2 1.38 0.13

LSD(0.0.5) between treatments 13.07 0.33 0.08 ns

LSD(0.0.5) between years 9.24 0.23 0.06 ns

3) ZHmA

o)A o] Lghe A A 73bel] 2 Apol7k fil ok, a ghel - 20083 3.73¢] w3
200930 5352 1.62 2 F&Fe Hol 53 o] 200939 E}* wkes 4 T UM
o Agztel= 23277 4822 7P =%eH, 2T 4172 7P Skt bk a3t
ZF 2 Azl FolAdo] Q1A E A eEkTHTable 5).  5(2008)2 “&FH) o)A 23] 9] bk

rlo

AE S7HE3E Bl A% F 509 358 A8stivia et ol B AP ARR

= =3 Aarefe] A7t e drwshs FEAd = 13.110.501 0 e, A &
1202 0l= 14.7£0.22 S7FskehaL st e, Ahghge 28 Aldl= 0.12+0.010] 021, A
2 % 1500l 0.08£0.012 7HAsATh sFATHE 5, 2003).
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Table 5. Effect of environment-friendly materials on fruit skin color at harvest of ‘Niitaka’

pear
Hunter value
Treatment Year

L a b
2008 55.39 3.34 25.06
Control 2009 55.15 5.00 24.80
Average 55.27 4.17 24.93
2008 55.24 3.73 24.69
1 treatment 2009 55.05 5.90 24.80
Average 55.15 4.82 24.75
2008 54.39 4.05 24.45
2 treatment 2009 55.56 5.43 24.96
Average 54.98 4.74 2471
2008 55.75 3.79 25.21
3 treatment 2009 54.83 5.06 24.27
Average 55.29 443 24.74

LSD(0.0.5) between treatments ns 0.26 ns

LSD(0.0.5) between years ns 0.19 ns

4) Tt A
227 T SR 20082 2009 A =F 7ol ZFo] b i) 217 A EF Hit
L A AT 1972 S380] 7 w9ko W, 3A 2T 1L57T= TP Wk
o HAAE A= & Abol7k fllem, A2zt 2dA] " 14877} 0.14% 71
ko, 2771 0.282 7P vkt B 2008 -3.599F Bl 2009 -2.73
2 20080l HI3) -0.86°] AANoH, Fojido] JAFHIATH ARt FAPL 7PF e F=
1A ZTZA 41558 Yepon, 3x8 71 2582 78 =0t B4 Aex dA3t 2}
ol glglo 2d Y Hatole 147Ut 1442 7P E=goH, thERT7rt 11302
7 Sekth AL ARt ztelzt gldlen Aeztol= 1427} 1772 7P =%
o, 2T 2 3477} 11622 e AIFS HYTHTable 6).
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Table 6. Effects of environment-friendly materials on fruit texture in ‘Niitaka' pear

Treatment Year Gumminess | Cohesiveness | Adhesiveness | Hardness Chewiness
2008 1.29 0.11 -3.11 11.1 1.12
Control 2009 1.30 0.12 -2.85 115 1.20
Average 1.30 0.12 -2.98 113 1.16
2008 1.93 0.13 -5.75 14.9 1.89
1 treatment 2009 2.01 0.14 -2.55 13.8 1.65
Average 1.97 0.14 -4.15 14.4 1.77
2008 1.52 0.13 -2.91 11.8 1.37
2 treatment 2009 1.62 0.12 -2.95 11.3 1.27
Average 1.57 0.13 -2.93 11.6 1.32
2008 1.26 0.13 -2.60 11.8 1.11
3 treatment 2009 1.26 0.12 -2.55 10.9 1.20
Average 1.26 0.13 -2.58 11.4 1.16
LSD(0.0.5) between treatments 0.08 0.02 0.98 0.96 0.12
LSD(0.0.5) between years ns ns 0.69 ns ns

5) oo FU|9=E &

o] FIIRE T F AAFEFL Az Az Z Aolrt (i 4 2008
Y 0.91g/kgoll ¥I8] 20099 0.97gkg S Z 0.06g B ol WAzt 2o 7k AA =R oH, 23t
A= 3227t L1sgkgo 2 7 Bgtom tha2 2427} 0.82gkge = 7HE ATt

ZE3ES 2008 7.82g/kgoll B3] 2009 8.20g/kg e 2009 T ol WXz §-2]A4
o] s1FHYeH, Mt 1487} 834gke o 2 7 Bkor thSe T} 7.80
gkgl 2 7H¢ Atk A AR Fos ApolE el A] &ekor, Azt e 3
2o A 166.80ppmS YERY 71 eFo]l =kt vl E WA} Fholle ztol7t QJIA =
A ggot Al rell= E2T7) 1.49gkg o 2 71 shaFo] wekom, 14877} 1.34g/kg
o2 714 AtHTable 7).
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Table 7. Effects of environment-friendly materials on mineral content in the fruit peel at
harves of ‘Niitaka’ pear

Treatment Year N(mg/g) P(g/kg) K(g/kg) Ca(ppm) Mg(g/kg)
2008 4.44 0.84 7.74 142.35 1.48
Control 2009 3.93 0.85 7.85 143.45 1.51
Average 4.19 0.85 7.80 142.90 1.49
2008 4.02 0.80 8.26 144.62 1.33
1 treatment 2009 4.12 0.83 8.42 156.78 1.35
Average 4.07 0.82 8.34 150.70 1.34
2008 4.12 0.94 7.47 153.41 1.35
2 treatment 2009 4.20 0.94 8.68 155.50 1.48
Average 4.16 0.94 8.08 154.50 1.41
2008 4.19 1.05 7.80 186.26 1.46
3 treatment 2009 4.35 1.25 7.85 147.32 1.41
Average 427 1.15 7.83 166.80 1.44
LSD(0.0.5) between treatments ns 0.07 0.40 14.38 0.26
LSD(0.0.5) between years ns 0.05 0.28 ns ns

6) g FII9E et

5o AAFFS dAgtole Aolrt glden, Azt HiS B 3387t 4.32mg/g
o7 714 Feko] =gtom X7} 3.10mg/g 2 7 ekt S1aRkeRe 2008\ Ht
1.59g/kgell Bl &l 2009 1.42mg/gS ¥.of 20080l ®l&f 20091 d 0] dteko] 2
= 1X8], 3x 27} 1.68gkgS 2 71 Bgom, tl277} 1.18gkg 22 71 &
g2 A3} 7ol = zpol7t gldlem, Azt 2@ %] A vlws] B 14287} 11.81g/keS
= 7PE ol BokoH, dx77t 10.83gkgo® 7HE Sttt i 2008'd B
34.13ppm< YEMH 0™, 200992 35.10ppmS LFERY 20089l Bl&) ko] Z7}skdTh
Aol 14871 31.3ppm S 2 FraFo] 7Hd ko, U= oF 35~36ppm =2 & 2}
o7} It mltavlE TS dAf el zbol7t glloem, Aejgtell= 34271 0.93g/kg
o2 7P FFol Exton dix+ 32X g7t W A EFo|ArKTable 8).

AP Ay dAFoZ WA FAA Ut AT dHE Y, 218752 A] o] <]

O

A= 71 B EYSAE A Ao F2 dFe vR Ao ddEn adde A
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Table 8. Effects of environment-friendly materials on mineral content in the flesh of

‘Niitaka' pear

Treatment Year N(mg/g) P(g/kg) K(g/kg) Ca(ppm) Mg(g/kg)

2008 3.08 1.13 10.78 35.6 0.84

Control 2009 3.12 1.23 10.88 35.7 0.81

Average 3.10 1.18 10.83 35.7 0.83

2008 3.49 1.90 11.87 30.2 0.92

1 treatment 2009 3.52 1.46 11.75 325 0.81

Average 3.51 1.68 11.81 313 0.86

2008 3.09 1.48 11.30 34.20 0.73

2 treatment 2009 3.88 1.48 11.39 36.90 0.86

Average 3.48 1.48 11.34 35.53 0.80

2008 4.44 1.84 11.37 36.51 0.95

3 treatment 2009 4.20 1.52 11.40 35.30 0.90

Average 432 1.68 11.39 3591 0.93

LSD(0.0.5) between treatments 0.28 0.16 0.00 1.21 0.07

LSD(0.0.5) between years ns 0.11 ns 0.86 ns

2]
37
A a1

374

o

[o]

N.®H 2

WA el Beet @7 bAE AT tF FRaTr} AAAT Yo, old] g} 2

W) AAA o] BAS Aol wWA B ATE A2 BRy) 2 Ao I

e FEIAEAA Amo 5L HIRI DA A8AEANE 2T Aelatd 2
]_ 2~

W AAAE FHIA 237 SR AFAFHE aofstd ded 2ok

L ABR A Aol )@ wTiaele] Eoprie] Male T-C, §71%, Ca L Mg ¥
o 7

2008 el HISl 20091 k3t F71ekl o™, A2 Ttell= EC, Ca B Mg o] 2
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Aol A Be Al

I R R S B T S 2008L40ﬂ HI3l 2009 2t A2 BFA AT 4FE
ke 2008 1.93%ol Hl—EsH 200992 2.06%= F7tetR o, Aejitls 1427}
217%% 71 2kth 253w 2008\ d0l Hla) 20099 ZF 2T BFo| A dheko)
FaERoH, xialﬂoﬂt 3A YTt 1.52%% 7HE Btk

AR FAEA S B HF2 2008 Ht 682g0 HIE) 2009 = 713gS. 2 31g°]
Eokom, Azt 24877t 738g 0.2 M Eokth A GRS 12.2-12.6°
BxE 20083 7 12.2°Bxo A 20093 12.6°Bx= F =7} Z718tdth Azt tz
T-oF 24877 12.6°BxE 7HE =4t

I e] Lk ARE A Fgtel] & Apolvt gl a gk -9 20081 3.73¢]
HlE 200990 = 5352 1.62 =2 AT Ko 5ol 2009 1 o WS
o ANeH, Hztel= 24T 4822 7HF =4t

Hd 229 Azt $74 2 AL 14TV 424 1.97, 0142 7P =Sk Th §
2732 2008133} wlaske] 2009'd0] -0.860] AoH, foldo] JIAFH A A2zt
J_Tl_
=

_u

A

AL 3x 27t 2588 7P =3tth A BEe 1M 1447 TP =0
AR 147 1772 7 =3k

ol o] IR Sk S QA ERe 2008 0.91g/kgoll BI3H 2009 0.97g/kg S 0.06
g U @skor, Mgztel= 3427} Lisgkeo 2 718 Bkt 2582 2008'd 7.82
g/kgoll BI3] 20091 szog/kggi 20090] o BRow, A ztdl= 14871 8.34g/kg
o7 71 gtk 25 AEztell= 33 ol A 166.80ppmS LR 71 FHeko] =
Attt

5] AAg S A Eztee 3387t 432mygg 2 71 FheFo] =kt Qb
20083 H+ 1.59g/kgoll Bl& 20093 1.42mg/gE ko] Zom, ATtales 134,
3227t 1.68gkgo 2 7 Bt ZAFFEFS At el Aol7) filen, A3t
ol= 1427} 11.81gkgSo 2 7} o] Wokth A2 2008 34.13ppmoll A
2009192 35.10gkgs YEM o] ettt vhavls 2 3487 0.93g/kg S
2 7P el =sith

i

[=EH5Y 20100 9. 13. =F5FA4Y @ 2010. 10. 20. HF=FHS54Y @ 2010. 10. 26]
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