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The objectives of this study were to evaluate the soil fertility about plastic film house, upland, and orchard in
Gyeongbuk Province, Korea. The surface chemical properties of soil samples were investigated every 4 year
from 2000 year at upland, 2001 year at orchard, and 2002 year at plastic film house. During 12 year’s
monitoring, mean soil pH was increased by 0.7 and 0.8 pH unit from pH 5.7 in upland and orchard,
respectively, 0.5 pH unit from pH 6.5 in plastic film house. About 50% of all the field samples occupied within
the recommended pH range (pH 6-7). Although soil organic matter (SOM) was gradually increased by about
10g kg'1 for 12 years, 40% of orchard, 49% of plastic film house, and 77% of upland soil samples were still
below the 3% SOM. The mean concentration of available phosphate for 12 years in upland, orchard, and
plastic film house were 530, 600, and 760 mg kg'l, respectively. The relative frequencies exceeding the
recommended available phosphate range (300-550 mg kg'l) were 43 %, 53%, and 66 % at upland, orchard, and
plastic film house soils, respectively. NH;OAc exchangeable K™ of upland, orchard, and plastic film house in
the last soil test were 0.8, 0.9, and 1.6 cmol. kg‘l, respectively. The relative frequencies above the
recommended K level were 56% and 70% of orchard and plastic film house soil samples, respectively. The
levels of crop nutrients except exchangeable Ca and Mg in upland soil were tended to increase gradually in the
three fields. Exchangeable Mg, EC, available phosphate, organic matter and soil pH could be used as principle
components to differentiate the chemical properties of three land fields. This analysis revealed that the soil
fertility was affected by cropping method and field management, although additional research is needed to
assess the importance of management on soil chemical properties and many fields indicate an opportunity for
improvement in fertilizer management.
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Scatter plot showing positive and negative correlations of 8 soil variables to the first and second principle variates derived
from a principal component analysis procedure to differentiate field by land use in Gyeongbuk.
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Introduction
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Materials and Methods
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Results and Discussion
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Table 1. Descriptive statistics of soil parameters for the top 20 cm of soil across plastic film house fields in Gyeongbuk Province*.

Variable' Survey year Mean'' SD 10th percentile Median 90th percentile CV (%)
2000 6.5 b 0.8 5.5 6.6 7.5 12
pHio (1:5) 2004 6.6 b 0.7 5.5 6.7 7.5 11
2008 6.6 b 0.6 5.8 6.7 7.3 9
2012 7.0 a 0.7 6.2 7.0 7.8 10
2000 23 b 13 9 21 38 54
SOM 2004 22'b 9 12 21 34 39
(g kg™ 2008 34 a 18 14 32 60 51
2012 34 a 16 17 30 57 48
2000 745 447 240 663 1359 60
Avail. P,Os 2004 784 419 270 726 1294 54
(mg kg) 2008 695 396 221 638 1227 57
2012 766 423 275 718 1300 55
2000 1.17 b 1.09 0.22 0.82 2.53 93
Exch. K 2004 1.38 ab 1.40 0.29 0.89 2.68 102
(cmol. kg™ 2008 121 b 1.17 0.21 0.79 2.71 97
2012 1.58 a 1.34 0.25 1.18 3.64 85
2000 6.4 d 2.5 3.5 6.2 9.9 40
Exch. Ca 2004 83 ¢ 3.0 5.0 8.0 12.4 37
(cmol. kg™ 2008 13.0 a 5.5 7.4 12.1 21.2 43
2012 11.8 b 5.4 5.6 10.7 19.5 46
2000 33 1.8 1.6 29 5.6 54
Exch. Mg 2004 3.5 1.8 1.9 3.0 6.0 53
(cmol. kg 2008 3.6 2.0 1.6 3.1 6.6 56
2012 33 1.5 1.8 3.0 5.1 45
2000 0.50 b 0.48 0.18 0.38 0.93 96
Exch. Na 2004 0.58 ab 0.49 0.24 0.43 1.16 84
(cmol. kg 2008 0.58 ab 0.62 0.15 0.35 1.41 107
2012 0.66 a 0.57 0.19 0.50 1.24 85
2000 3.3 ab 2.8 0.7 2.4 7.2 85
EC 2004 3.7 ab 3.1 1.0 2.8 7.4 84
(ds m™) 2008 4.0 a 3.9 0.8 2.4 9.6 97
2012 3.1b 3.1 0.6 2.1 6.5 100

*Soil samples used for 2000 and 2004 to 2012 were 426 and 204, respectively.

1'SOM, soil organic matter; EC, Electrical conductivity.

"Means within each variable followed by different letters are significantly different at p < 0.05 (Tukey).

mg kg lo] 4] HE3}0] NAAS (2010a)2] 2=3-2=Z 300-550
mg kg '] AF9GFRT} 1,34 o]AtolA leElJ~ AN
n] 2R 7)o] wh2 2holi Qloltt (F11.67, p < 0.173). %]
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Table 2. Descriptive statistics of soil parameters for the top 20 cm of soil across upland fields in Gyeongbuk Province*.

Variable' Survey year Mean'' SD 10th percentile Median 90th percentile CV (%)
2001 57 ¢ 0.9 4.5 5.7 6.9 15
pHimo (1:5) 2005 55¢ 0.8 4.4 5.5 6.5 14
2009 59 b 0.8 4.8 6.0 6.9 13
2013 6.4 a 0.8 5.3 6.6 7.4 13
2001 17 b 9 7 15 28 53
SOM 2005 18 b 10 17 31 48
(g kg 2009 23 a 11 11 21 37 48
2013 24 a 12 12 21 39 49
2001 513 ab 308 83 530 912 60
Avail. P,Os 2005 455 b 268 98 439 793 59
(mg kg'l) 2009 546 a 321 169 516 1016 59
2013 517 ab 306 139 498 951 59
2001 0.60 b 0.47 0.18 0.50 1.16 79
Exch. K 2005 0.60 b 0.42 0.20 0.52 1.17 70
(cmol. kg™ 2009 0.90 a 0.71 0.30 0.76 1.47 79
2013 0.79 a 0.66 0.23 0.63 1.56 83
2001 5.9 ab 3.2 22 5.3 10.4 54
Exch. Ca 2005 6.5 a 3.0 33 6.1 10.0 46
(cmol. kg™ 2009 5.4 be 2.4 2.5 52 8.4 44
2013 50 ¢ 2.3 23 4.7 7.9 47
2001 1.5 ¢ 0.9 0.6 1.4 2.6 56
Exch. Mg 2005 1.8 ab 0.9 0.9 1.7 2.9 43
(cmol. kg'") 2009 1.9 a 1.0 0.8 1.8 32 52
2013 1.7 be 0.8 0.9 1.6 2.8 46
2001 0.21 be 0.10 0.11 0.19 0.29 50
Exch. Na 2005 033 a 0.37 0.06 0.27 0.60 115
(cmol. kg'") 2009 024 b 0.26 0.09 0.17 0.40 110
2013 0.15 ¢ 0.15 0.04 0.11 0.26 102
2001 09 b 0.7 0.3 0.7 1.7 79
EC 2005 0.7 ¢ 0.7 0.2 0.5 1.3 110
(dS m'l) 2009 12 a 1.1 0.3 0.9 2.7 90
2013 05 ¢ 0.5 0.2 0.4 1.0 89

*Soil samples used for 2001, 2005, 2009, and 2013 were 250, 244, 230, and 246, respectively.

1'SOM, soil organic matter; EC, Electrical conductivity.

"Means within each variable followed by different letters are significantly different at p < 0.05 (Tukey).
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Fig. 1. Relative frequency distribution of soil chemicals levels of surface (0-20 cm) soil from plastic film house (A), upland (B),

and orchard (C) fields in Gyeongbuk Province.
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422 (0.5-0.8 cmol, kg )L 275} 20135 EINS
A S oIl EPel BRI eI, 0
Kel 274 Aol ok S 0 491 i na
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Table 3. Descriptive statistics of soil parameters for the top 20 cm of soil across orchard fields in Gyeongbuk Province*.

Variable' Survey year Mean'' SD 10th percentile Median 90th percentile CV (%)
2002 57 ¢ 0.9 44 5.7 6.9 17
pHimo (15) 2006 54d 1.0 4.0 5.4 6.6 19
2010 6.1 b 0.9 4.8 6.3 7.2 14
2014 6.5 a 0.8 5.3 6.6 7.2 12
2002 25 ¢ 12 12 24 39 47
SOM 2006 32b 17 13 29 56 53
(g kg™ 2010 28 ¢ 12 13 26 43 45
2014 36 a 10 19 33 59 44
2002 557 b 342 129 512 1035 61
Avail. P,Os 2006 761 a 441 238 743 1281 58
(mg kg 2010 562 b 331 169 527 1030 59
2014 603 b 302 237 572 1019 50
2002 0.87 b 0.48 0.32 0.81 1.55 55
Exch. K 2006 0.63 ¢ 0.50 0.19 0.49 1.20 79
(cmol. kg™ 2010 1.19 a 0.74 0.40 1.07 2.05 62
2014 0.94 b 0.50 0.38 0.88 1.51 53
2002 54 d 2.9 2.1 5.2 9.2 53
Exch. Ca 2006 7.1b 3.7 2.6 6.7 12.1 52
(cmol. kg™ 2010 63 ¢ 3.0 2.6 5.9 10.2 49
2014 79 a 33 4.1 7.7 12.5 42
2002 1.5¢ 0.8 0.6 1.5 2.5 51
Exch. Mg 2006 1.8 b 1.3 0.6 14 3.4 74
(cmol. kg'") 2010 20 Db 0.9 0.9 1.9 32 46
2014 22 a 0.9 1.2 2.1 34 42
2002 0.12 be 0.07 0.07 0.11 0.19 53
Exch. Na 2006 0.15 b 0.16 0.08 0.12 0.22 108
(cmol. kg'") 2010 0.19 a 0.16 0.08 0.14 0.32 86
2014 0.11 ¢ 0.10 0.05 0.08 0.19 89
2002 0.7 b 0.6 0.3 0.6 1.4 79
EC 2006 09 a 0.7 0.3 0.7 1.8 76
(ds m") 2010 05 ¢ 0.5 02 0.4 0.9 83
2014 0.7 b 0.6 0.3 0.6 1.3 81
*Soil samples used for 2002, 2006, 2010, and 2014 were 299, 294, 300, and 300, respectively.
1'SOM, soil organic matter; EC, Electrical conductivity.
"Means within each variable followed by different letters are significantly different at p < 0.05 (Tukey).
= SOM3} K 7k0) Abgho] /b 2] Uebidth (Kang et al, o} 8-5@olA] BEA0.E Lk} (Table 4).
2015). N:Pe] ]o] Zg et e Hu|E No| TFE 7]
FOR A 2P| R = P s} Sk Aol OIS HENZ EUBIBIAL| HIT 59244,

= Whalen and Chang (2001) “12]1l Sharpley et al, (2004)
o AGAE S EY} Aol 7hERelu EH]E]
Be L o PR 7150 FAso) ol Ui H]
o] §EElo] Lot GEelAo] ot Ao Wkt
(Lee et al,, 2004). Abreu et al (2003)2] EoFslsHA] HA
ol =¥ pHEF 2|2 Fole (Ca, Mg, K) Abolofl -oJ7t
A1o] ik, o] AFoIME pHsk A3 Ca T2l
Mg AtolofAlut F-oJgt Aol QUgler s x]2] Al7HA|

L 223 T 2R Eeke) pHiE Algte] Aol f

2} Lep7ke AES H9al (Table 1), pH 7P A&7 <]

BEH|&% pH 6.6 04 JL7LO R o]5dle Ao R HA

At (Fig. 1), SFEAAEAR] EoFo| ThE = Eokd

=2 pHE FAI8kAL QLo 1287t SV Awt v

F=9Jo] zkzF 0,71} 0.8 pH T2 A] 0.5 pH THjel A
o

Hr} & Aoz AL (Table 1), EF 471852 31
AT} =] EQFOA 34 g kgil oJAro 2 Z7}l5lo] 24
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Table 4. Pearson’s correlation among the tested soil chemical properties in surface soil (0-20 cm).

Variable pH EC SOM P205 K Ca Mg
Plastic film house
pH 1
EC -0.036 1
SOM 0.005 0.149** 1
P05 -0.01 0.231%* 0.539** 1
K 0.021 0.493** 0.421** 0.55%* 1
Ca 0.381** 0.345%* 0.378** 0.07* 0.203** 1
Mg 0.206** 0.651%* 0.224%** 0.251%* 0.448%* 0.459%* 1
Na 0.115%* 0.635* 0.220%* 0.254** 0.497%* 0.313%*x* 0.611%*
Upland
pH 1
EC -0.108%** 1
SOM 0.087* 0.156** 1
P,0s -0.063 0.335%* 0.409** 1
K 0.088* 0.314%* 0.474%* 0.392%* 1
Ca 0.358%* 0.105* 0.173%* -0.143** 0.099* 1
Mg 0.312%* 0.246** 0.122%* -0.09%* 0.159%* 0.654** 1
Na -0.038 0.198%** 0.118%* 0.134** 0.338** 0.140%* 0.111%*
Orchard
pH 1
EC -0.120%* 1
SOM 0.122%%* 0.219%* 1
P,0s -0.164%* 0.304%* 0.526** 1
K 0.181%* 0.283%%* 0.291%* 0.346** 1
Ca 0.603** 0.117** 0.383** 0.041 0.151** 1
Mg 0.450%* 0.141%* 0.252%* 0.033 0.257** 0.544+* 1
Na -0.0004 0.275%* 0.046 0.014 0.244%* 0.064* 0.157**

* and ** indicate significance at the 0.05 and <0.01 levels, respectively.

g kg ¢ W EFET} 7} Fo] Fgkow (Table 1), £718
o] 30 g kg ' °]5}el EFo| T8%¢] WHL} W=} A4
Eool 77t 41%9} 50%= 3L H|Eo] A Wkt (Fig, 1),
FEIARS A Ho] ARAIZE Bt 747 mg kg &
2 Appdnt o 2b7E 127, 240 mg kg S £ES B
At (Table 1, 2 and 3). X3+ K, Ca & Mg% ¢lAML 72+
o] SLO-2A B A THE F Eofur) £ e 0
2 2AE I, 2AVIE F B Tke] F7Ks Kt Cal
AAESOIA, Mg Bl the EgET) B 2
A YERHT} (Table 1, 2 and 3). NASS (2010a)2] =455
of Hluste] HH, AHES= 4 Aot K&
1.6}, Ca-2 2008 RA} o|% ol 18]l Mg 1,78 23}t
gt Zlos BAEgch 22 Aufz]e] BCE= 2.0 dSm ' ©]
stofl Al FAJBHES Skl Qli=t] (NASS, 2010a), W}
T 9E 7k2k 932l 96% ol4Jo] 7150] SR, 8

O EQRS ZAV|ZF Wit 35 dS m | R0 2R

o] Y ALl FkS = ol o, BAT BEY
9] 40% olFo] 7S ATt AHE HefEL Sl
Ao g ALt} (Fig. 1, Table 1),

47 o] &P Eol w2 E<F s 9] ZfolE Hlasl|
At BEGAR EAoflA] Aojzl 8749] Fede 7| 2E
A0 8 a1yl 1 oldo|al HA| ol 75.4%
= /3% 37ME STt (Table 5). 7} 482
j3Esh= stshd ®igs A8 Mg, P05 18|13l -7]E0]

9 43%= Aok T 19] Hgoll= X8
Mg HISE X8 oFol T12]al ECet k9] Adato] H]aL
il

ol [i{
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Table 5. Results of principal component analyses (PCA).

Variable prin 1 prin 2 prin 3

Eigenvalues 3.47 1.44 1.13

% Variance 43.37 17.96 14.09
Eigenvectors
pH 0.2451 -0.4359 0.4589
EC 0.4183 -0.0772 -0.4082
SOM 0.2511 0.4667 0.5005
P,0Os 0.2699 0.5868 0.0745
K 0.3821 0.2975 -0.1293
Ca 0.3600 -0.2926 0.4157
Mg 0.4413 -0.2423 -0.0477
Na 0.3985 -0.0950 -0.4183
Scores
Plastic film house 14582 2" -03501 ¢ -0.1858 b
Upland -0.8970 ¢ -0.0985 b -0.2129 b
Orchard -0.5394 b 03847 a 03347 a

"Means within a column followed by different letters are
significantly different at p < 0.05 (Tukey).

1.0 q
P
. oM
Orchard ®
K
N
)
=4 )
& 48 Upland @ \Ag 18
= Mg
Ca ®
Plastic film
PH house
-1.0 -
prin 1 (43%)

Fig. 2. Scatter plot showing positive and negative correlations
of 8 soil variables to the first and second principle variates
derived from a principal component analysis procedure to
differentiate field by land use in Gyeongbuk.

ot HEZRS scatter plot 22 FA|SH A7} (Fig, 2), T4
22190 W 0 SR P2 SO e 3k
H aga Bk HEEY, fU1ES Al B
sjsbyel F7h S ol A HOR B9 1 %
oAl Mg& BIZERE A8 Folo] w9 EC7F &SIth
T 20] Rl oA 1=, AL Z1EaL A2
Ke] gegol B e Ael mopol 1w Eojt EElt
(Fig. 2). o|=|3t AA]9] o] &F e BESF o4 549 2}
o= 43]o] A ARt 7+ Slshdo] thgt AR A=
IERE o513 (Table 6), =, §71E5L I B
A, 71 9]9] 29 0“‘0“4‘:'4 EF pHe AVAA N Bl
A M e 4Es BT, W EFS A1 Be 28
Heleh

H 71 olg-srel Eold B9 pi, §71% W 2o
irel Bt et setiel At sck ool
Hlgo] F7Fskal glo), W EQFe] Cadf Mg Witho] &
Ape molT Qo). moF ope] £EE EokEa, Az
2, SRANS, AW 5o G wirle 47 23}
ZE (Jung et al., 2009; Novara et al,, 2013), ©] ¥
Al Bk Al S A 8] EFEIeHd Aol SHpLAlE 9] H

s

7K, Tpele] AzuE, wRARgT Fol 910w Kol

7} e

efjof] w2

F7H4101

Aoz eken], A 742 5
9 8tsby o] Hjo]
Ao] L asteha Almt

=2 90lo
=2 22—

o 577 o143
71 Qlef sl

Conclusion
HE o] vdahe-AAd Aur], v 8|3 a9
o] EF HISEE Hrsl] $f5te] HEQ| slebd EAS
1267 44 Z7)2 Bolskl. EoF pHi T}=97} o)
A= A ZARA)Z19] pH 5,794 ZFz}F 0,82 0.7, A4 8N

)= pH 6,594 0.5 pH €] 2751w
50%— pH 6-7 22 Ryt BEoF §
7Vt AE TReo] 40%, BH9LA 0] 49% 1

g kg

| RAF OO of

Table 6. Comparison of mean (+SD) surface (0-20 cm) soil properties between 3 land-use types and ANOVA P values.

f71E 1297t °F 10

Soil proper*[yT Plastic film house Upland Orchard ANOVA P
pHmo (1:5) 6.65 £ 0.72 a* 589 + 089 b 590 + 098 b <0.0001
SOM (g kg™) 272 £ 149 b 20.4 + 10.6 ¢ 303 £ 152 a <0.0001
Avail. P,Os (mg kg') 747 + 428 a 507 £ 303 ¢ 620 £+ 366 b <0.0001
Exch. K (cmol. kg 130 £ 123 a 0.72 + 0.59 ¢ 091 + 0.6 b <0.0001
Exch. Ca (cmol. kg 9.12 £ 486 a 572 £ 28 ¢ 6.68 £ 338 b <0.0001
Exch. Mg (cmol. kg 338+ 1.79 a 1.74 £ 0.89 ¢ 1.88 £ 1.04 b <0.0001
Exch. Na (cmol. kg'l) 0.57 £ 053 a 023 £025b 0.14 £ 0.13 ¢ <0.0001
EC (dS m™) 348 £ 3.17 a 0.83 £ 0.83 b 074 £ 06 b <0.0001

TSOM, soil organic matter; EC, electrical conductivity.

*Within each row, means followed by different letters are significantly different at p < 0.05 (Tukey).
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2|31 B 77%= 30 g kg ' ©]8} 42320l WEHTE SaES
AR W The] T1ejar o}%AAWOﬂH Z}Zy W4t 530, 600

T12]31 760 mg kg | oA RRIEIAL AL, AR A
T EQF Zo||A] ZHz} 43%, 53% T18)11 66%= 242 (300
500 mg kg )& Z05FAck, X|eHA KO| Hit ke 2T
Az W 0.8, ¥y 0.9 1Al SR-AAE 1.6
cmol. kg 0], T 56%9}F FREAAA EoFe] 70%
% (0.5-0.6 cmol, kg )& Z1}5}T} ¥ Eoko]
28 Caxt Mg AlQJgh o] =2 Al 714 544
o r‘sﬂoﬂ/ﬂ 14;2} 237}5}: e EOE‘E} H/v]oﬂ /\}J&z‘s} 87H
o] Egfstely Atolo] A2 A9 o]§R-3oll whet oF
7ke] ztolzt qlglom, Zl ‘d Mg, EC, a4k 71
J12)al BQF pH7F A A ERA],  Lear vl BQke 3}
st EAE FEshe FAARCE EAE Sl
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