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Effects of Crop Rotations on Potato Yield, Soil Chemical and
Microbiological Properties in Organic Farming System

Kim, Yu-Kyoung - Kang, Ho-Jun * Yang, Sang-Ho - Oh, Han-Jun -
Lee, Shin-Chan - Kang, Seong-Keun - Kim, Hyoung-Sin

The objective of this study was to determine crop rotation effects on potato yield,
soil chemical and microbiological properties from a short-term field experiment
from 2010 to 2011 in Jeju Island, Korea. Potato cropping systems included contin-
uous and rotation sequences of soybean (Glycine max(L.) Merr.), barley (Hordeum
vulgare var. hexastichon), rapeseed (Brassica napus L.) and broccoli (Brassica
oleracea var. italica). Crop rotations increased the yields of potato from 31% to
52% compared with continuous potato. Marketable yield of potato was highest
under soybean plus rapeseed rotation by 20.97MT ha” and lowest under contin-
uous cropping by 11.95MT ha”. The incidence and severity of scab disease was
significantly lower in tubers from crop rotation with soybean plus barley. Differ-
ences in marketable tuber yields among rotations were associated with potato scab
disease. Especially, incidence and severity of potato scab were strongly correlated
with soil pH, exchangeable calcium, and bacteria population of the soil. Crop
rotations significantly increased soil pH, available phosphate, exchangeable K and
Ca, especially in crop rotations with soybean plus barley or rapeseed. Soil
microbial biomass C of crop rotations with soybean plus barley or rapeseed, was
also significantly higher compared with monoculture. In conclusion, crop rotation
may decrease the incidence of soil-born pathogen by increasing soil chemical
properties and soil microbial biomass. Overall, potato crop productivity was
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generally maintained in rotations that contained soybean plus barley or rapeseed
but declined under continuous cropping system.

Key words : crop rotation, potato, barley, rapeseed, soybean, scab disease, soil
microbial biomass C
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L2 &7 A5 A ] =g-°] FtShuijin H al., 2006). FL EY vAE
geFdel ek 8ol FA AR B d7E0] My EHA =, 53 {14 E
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Tkl A ASFE T 18] AL Peters 5(2003)2 HElol 1A e HE] g=F2H e AE 2
W == 39 32 8l et A canker} Black scurf 53 22 B Aol A4S AL,
S2AA Y FHEY A AlFEe] EGHe A8 S zte @Al Era Basith
Larkin®} Griffin(2007)2 Brassica 4 Z2t&e HH|E o] 83te] S25tA thafst EF W
AL AN Aot Basiged, ¥ S aAE 715 a3 sekE
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N2 AFA dE5 G714 F7F 230 A 2010 B5-H 2011d 7HE7EA] 233 ¢
PR 1=, J‘/\]E o] pHE 6.23, A7) HEE(EC)E 0.59dS m”! 181 715 ke
kg'ollom, faclaty} X8k ol FFe FENETAH FEE ABIAWI]FERDA,
2010a)°1| A Tiﬁ}—t— HAGHA BT =T Table 1). AW FFS A= A (Dejima), T2
A1 8-E(Glycine max (L.) Merr., Sinhwakong), 2.28l&= 3 B E|(Hordeum vulgare var. hexasti-

chon) 35 1813 A (Brassica napus L)} B2 FE(Brassica oleracea var. italica)y=
w3t YA SK3-085 FFS AulEkTh

Table 1. Chemical properties of the soil (0-15cm) evaluated at the first sampling

. -1
pH EC oM Av. P;Os Ex. Cations(cmol. kg™)
. -1 -1 -1
(1:5) | @ m) | @keh | mgkg) |, Cart Mg
6.23 0.59 46.0 779 1.94 8.36 2.96
Optimum
level” 5.5-6.2 2 below 20-30 250-350 0.5-0.6 4.5-5.5 1.5-2.0

21t is a source of RDA(2010a)
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2. A 8l A2

ABAEY A T §71% AF71%] weba ksl st wok thal
£ ol gatel elstgich. ABW 471 AN RS EPAAC] T AN EE 3

(RDA, 2010a)E 7|22 AH|s =T, ‘XH 45 EFAA ot FHANFS A,
14k, ZgAd#ol 22t 18.0, 0, 3.0kg 1,000m™ 0] o Tl A FE AFESIL Y H7
A 3(4-1-1.5)% Ak 71F0 72 F4ksle] 450kg 1,000m™" AlBIBFATE Tutol] Ajuiaby o

S LR Etel AL FRAG,
A TRE AAE A4 A2l (82 HE NETE she] 4402 2AE AME 379
A TEA, 1, V) 5 44928 sto] FASAG. 51 & B3} /bl 2AE A% 4

[e)

iy 7
3 AatEon, #21E BA-F 0l A2 £o8 £ AYE st
FUA-FHAIEWA DT SANE BUA- BRI BUAILUA €02 24E

< A v 5t H(Table 2).

S22

Table 2. Cropping systems for the potato rotations over the experimental period

Cropping systems”
Year Rotation
Rotation | Rotation I Rotation Il Rotation [V

1 Potato Potato Potato Potato
2010

2 Potato Soybean Soybean Broccoli

3 Potato Barley Rapeseed Potato
2011

4 Potato Potato Potato Potato

“ Rotation | : 1, 24 Feb.-4 June ; 2, 4 Sep.-10 Dec. ; 3, 21 Feb.-2 June ; 4, 26 Oct.-13 Dec.

Rotation Il : 1, 24 Feb.-4 June ; 2, 10 June-5 Nov. ; 3, 12 Nov.(’10)-27 May ; 4, 26 Oct.-13 Dec.
Rotation Il : 1, 24 Feb.-4 June ; 2, 10 June-5 Nov. ; 3, 12 Nov.(’10)-27 May ; 4, 26 Oct.-13 Dec.
Rotation IV : 1, 24 Feb.-4 June ; 2, 4 Sep.-16 Jan.C’11) ; 3, 21 Feb.-2 June ; 4, 26 Oct.-13 Dec.

3. E% 1 4

#2o] BE¢F 3184 B mAAEZA Wt rX= YFS HES] fst AV B
ANEE B4 S, EGL 0~15cm ZolodlA AFAIA L, AHFHE EF 38t EF
3} A (RDA 2010b)ell &3t EA8HATH ESF pHeE HVIAEE(EC)E EYH S/
Fol v &S 1158 FE3 27 pHe A7 ]@EE meter® S, 7]E2 Tyurin']
02 FAEAALL Lancasterd 181l XA ko] L& IN ammonium acetate® AE3 &
ICPE o]&3sle] BASI9T 18] Bk nAE /}}/‘J 9 Biomass C #42 A]7]'H 23]
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EYS 2mm A2 I F H S| Gl vkE 4C @ Bt 4o o] &3t
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A AEE ZAEIY oW, EF v E 2] Biomass C 32 Vance ef al.(1987) 52 WH
u} 183k ZAFSH AT
2 A l"i:*—ﬂﬁ(RDA 2000)0] F=3he] 2ABIY =, DA A
of Agoz <l ZF, T thFdAe} ok, 78 5 FEdAL
ICP(Inductively Coupled Plasma Atomic Emission Spectrometer, Perkin 7300)% #2433} T}
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ZAre] tdoly M E 9 IHE ZAPPH S ZF AT 30g oo A JAE o
o2 Uio i 9 A HNlHA &S ZASH THMerz, 2000). AFE3242 U E(%)=
3F3) A ) 74 57/ 2 AL 74 99) %100, 2 E(%)=(0n)+(1n)+(2n)+H3n)+H(4n)+(5n)+H(6n)/(ZAH 73
Fx6)x100 (n , %*3473*, 0, 1S 1, WA A& 1-2%; 2, HOFAAE 2.1~5%; 3, ¥
€ 10.1~25%; 5, A A S 25.1~50%; 6, HRFHEZ-8>50.1%)
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Al A2 4 AT 3o R S35l AEE SAS ZEIIH(SAS version 8/2,
NC, USA, 2001)& Ol%{s}m‘ AR on, Higt F92F 742 Duncan's multiple range
test® 95% FEAA BASATh 1ejn adzt FdBA £4& Spss TA zEaH
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Fig. 1. The average temperature over the experimental period(Ave., from 1981 to 2010;
The data was obtained from KMA).
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Fig. 2. The average rainfall over the experimental period(Ave., from 1981 to 2010; The
data was obtained from KMA).
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B Aol A= 201009 B5EH 20119 7HE7EA] ZHALE 43] AL 0= Augk &4 1 A
To] guoly W E W W EE AZ|EZ FASFYTHFig. 3). 20108 E7HAbol A B
ol WHEL 14.1%, 7FZA A 58.4%, 18]al 2011d B7AF 77.3%, 7HEA A=
924%= Au| 317} soldel welA FA3A Wi Eol ke A2 R YERTh B
ol W% =3 20108 BANA 3.6% LElal 20113 7FFAMIA 273% 2 HA F
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Ve AES BAh ol9} FASHA Rowe 5(1993)% ZAF A2l EFolA #-25t
= Y] UEE ZUINFITT BRustgom, Carter $(2003)2 ZHAS A A st
FAA BT =7t Srete, dESEw et S5t W dAjol 2

I AAEATE 28]a o]et #HAste] AZke 7T oAl EF Wl MEE St
AN7IH Aot ZEe] 3 FA4E ZAAZIgE A7 2] BauEa 9 thBalota ef al,

2004; Carter and Sanderson, 2001).

100 R =0.0933

2010-Spring 2010-Fall 2011-Spring 2011-Fall
®5l 14.1 28.4 773 9.4
*55 3.6 17.6 17.5 7.3

Fig. 3. Changes with time in incidence and severity of potato scab disease in continuous
cropping system(@ SI, scab incidence; € SS, scab severity).

Table 3. Comparison of potato vield and common scab disease of tuber in four rotations

Total yield Marketable ratio” Common scab
Treatment” MT ha']) (MT ha'l) Disease incidence Disease severity
Spring Fall Spring Fall Spring Fall Spring Fall
[ (P/P/P/P) 26.2a” 14.54¢ 88.0a 82.4ab 77.3a 92.4a 17.5a 27.3a
11 (P/S/B/P) - 19.02b - 96.2a - 48.1c - 10.3b
I (P/S/R/P) - 22.80a - 92.1a - 71.8b - 16.6ab
IV (P/Bt/P/P) 27.5a 20.46ab | 78.1a 70.9b 79.6a 81.7ab 22.2a 28.7a

“ Data within a line accompanied by a same letter did not significantly differ according to Duncan’s
multiple range test at p<0.05.
¥ Tubers are considered marketable when less then 5% of their surface was covered by scab lesions.

0 P, potato; S, soybean; B, barley; R, rapeseed; Br, broccoli.
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A WE 20119 Ao FEH AEsE 283 gdoly W EY YHES
ZAE A= Table 33 2th 20103 B4A12] 4§ F4%2 20.6MT ha'o] o

ol WRHEI} 3.6% ol FFTHS FTTFH 2 3hth(data not shown). &2t [ A ] ol A
20108 7FS 7R A9 AEFSTFE 23.8MT ha'olom Fakol] thdk AE8-2 84.0%%
THdata not shown). 2011 F7EAFe] FreFS &2 1 A9k A2 7]d BE2FE Al
T BAAE AW 82N A FolA 242 262 2 27.5MT ha' O 2 FoA e Aol
YTk el FEFE =3 27 229 2 21.6MT ha' 2 A 23t i}om %i?it} =k
U ES 4 13 SNV A2 FoAM 247 773% 2 79.6%, 1B 3L == 17.5%
22%2 ZAE R o AT F28 Afol= fITh E SR FUt 1% A A
T ASANEE At UA olFdl w2A A E Bol st et ol ARA A=
2k g7} mulete Azbte} U}XU}XIE A} Wk o] Frlste] dEaee] FAshe
Aoz Yepgth 20119 7hEEAe] A9 S5FS tl27A &2 1 olA 14.54MT ha' S
2 M ga, 39 RS 8 ﬂxia]ti SA M)A 22.80MT ha' 0 & 7} Hgrom Azt
T BT} 40.7% S7FEATh 2011 7HS AuE ZAbolA di 2T FFFE ey
WX 5% o]8h)e 11.95 MT ha' & F53ol thal AF&2 824%H 1L, A7 FEFFF
2 &2 &= 1830 MT ha', 2= 2097 MT ha', & V& 14.50 MT ha' 0.2 AZ &2
ZYzt 96.2%, 92.1%, 70.9%AJtt. M7 FFTFEFE A FoAQ] Aol BloH of
ZT B3| 21~75% AE =A UESTE Bidel fRoly M EL thETe &2 A
oA 924%E 7HE =R AT A TFolA 48.1%E 7HE @Ekor Azt fo 4
Qe AolE BT Hudoly W w3 WY EY v A BIEd, 513 &

NV ATl 2 273, 28.7% =2 E3oH, &2+ 103%E 7 @ttt
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Table 4. Effect of crop rotations on the macroelements concentration of potato tuber

Concentration of macroelements
Treatment” N P K Ca Mg Total
%
I (P/P/P/P) 1.18¢” 0.26¢ 1.35¢ 0.040a 0.091c 2.93¢
I (P/S/B/P) 1.25bc 0.28bc 1.26¢ 0.042a 0.092¢ 2.93¢
IIT(P/S/R/P) 1.55a 0.30b 1.67b 0.035a 0.106b 3.66b
IV (P/Br/P/P) 1.30b 0.35a 2.37a 0.032a 0.135a 4.19a

? Data within a line accompanied by a same letter did not significantly differ according to Duncan’s
multiple range test at p<0.05.
» P, potato; S, soybean; B, barley; R, rapeseed; Br, broccoli.

Table 5. Effect of crop rotations on the microelements concentration of potato tuber

Concentration of microelements
Treatment” B Zn Mn Fe Cu Total
mg kg'l
I (P/P/P/P) 8.86 13.80 8.87 65.41 8.70 105.63a”
I (P/S/B/P) 8.89 18.43 11.73 77.41 9.09 125.56a
III(P/S/R/P) 10.69 14.88 8.63 67.79 8.21 110.19a
IV (P/Br/P/P) 12.13 9.91 8.23 73.05 7.47 110.79a

? Data within a line accompanied by a same letter did not significantly differ according to Duncan’s
multiple range test at p<0.05.
» P, potato; S, soybean; B, barley; R, rapeseed; Br, broccoli.
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Table 6. Some chemical properties of the control soil and soils with rotation treatments

pH EC oM Av. P,Os Ex. Cations (cmolc kg'l)
) - -1 -1
(1:5) (dS m™) (g kg) (mg kg) K Ca™ Mg

Treatment”

at the first sampling in 2010

6.23 0.59 46.0 779 1.94 8.36 2.96

at the harvest season of fall potato in 2011

I (P/P/P/P) 6.29b” 0.30b 60.9a 571c 1.21b 8.27¢c 3.59a
[T (P/S/B/P) 6.47a 0.28b 55.3a 685a 1.25a 8.85a 3.62a
[II(P/S/R/P) 6.44a 0.30b 58.3a 632b 1,26a 8.65b 3.28b
IV (P/Br/P/P) 6.21c 0.34a 60.5a 625b 1.10c 7.96d 3.16¢c

“ Data within a line accompanied by a same letter did not significantly differ according to Duncan’s
multiple range test at p<0.05.
» P, potato; S, soybean; B, barley; R, rapeseed; Br, broccoli.

4. g7l g ES v EATF

EG rdE 42 AEZAQ 7L, ZHEY ST, BEY 95 2 A& ol w2} W)
7} 2 4 th(Balota et al., 2004; Wardle et al., 1999; Hungria & Vargas, 2000; Franchini et
al., 2007). WA BEARAE 20109 B34 5 & F 545 20119 7HEAA
7] 7kA ZAE YSTAEZ B v E Biomss C & HIE XA THEFIg. 4). =X

ol &1 AT A 20108 BAA F37|1RE A 32} 1 742 A2 2as)
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T

= Agolglon 2011d B W57 ol F A FAskt B 48 ﬁr ThAl 7has)
E A%S Btk #F -V A TE hET 05T WSS Byo} ARTRT B
HAE Biomass C o] ¥ AFolgon, 55 &2 3} £2V HelTE 20108 /1S
A7 wg7] 8l B2 ZEE] ZA7)9 F774A] B VA= Biomass C7F Z:é:’é‘}E %R
Hol&= 1

o
Abd ol &2+, &&HT A7 3 #F7] olF 22 Al7]d = v = Biomass C
gtefo] A& A F7leske AEFS BRIt &2 13 NV AE oA 2HE g5 2 Y4 &
H 2 943 v AIRS} Ae 5o YFo T B nAYE Biomass o] 4F Aow

ZYEt). Mariangela 5(2009)2 EF9] &S =o|W EY9 vAE Biomass 337 tiA
a&0] Frlstal wEkA BoFY "ol FopxH 2z AR SUMAZE 4 AntaL sk
om F& f2AEH EUY nAYE Biomass C Ty nAE tiAl o] =ity B
T3k Carter $(2009)% 7H2F A A o] 4] HE3 7 (conservation tillage)S E ]
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22 A EG AFs IJHEAZ F Aok AAERT. 181 SR A-RY-HEEE
)2 EY U= Biomass Co} PIAE @4 AEE S7MAIXITaL Bt
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Rl === [2 == eR3 ssesee R4

Fig. 4. Changes with time of soil microbial biomass C during rotation period(a; 2010/6/10,
b; 2010/9/16, c¢; 2010/11/2, d; 2011/2/21, e; 2011/6/24 : R1, Rotation 1; R2,
Rotation 1l ; R3, Rotation Ill; R4, Rotation Iv).

Table 7. Microbial biomass C contents(MBC) and populations of the control soil(R1) and
Soils with rotation treatments after harvesting Fall-Potato in 2011

Microbial populations
Treatment” MBC
(mg kg Bacteria Actinomycetes Fungi
(x10°) (x10°) (x10°)
[ (P/P/P/P) 256bc” 550a 70a 93a
11 (P/S/B/P) 259b 750a 80a 86a
[II(P/S/R/P) 282a 663a 6la 78a
IV (P/Bt/P/P) 241c 545a 57a 90a

? Data within a line accompanied by a same letter did not significantly differ according to Duncan’s

multiple range test at p<0.05.

Y p, potato; S, soybean; B, barley; R, rapeseed; Br, broccoli.
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Table 8. Correlation matrix obtained by regression analysis of all the data for four rotations

MY SI SS MBC B A F pH EC AP E-K | E-Ca | E-Mg | OM

MY | 1.000

SI | -0.687| 1.000

SS | -0.787| 0.924"| 1.000

MBC| 0.751| -0.253| -0.577| 1.000

B 0.760( -0.951°(-0.996"| 0.507| 1.000

A 0.024] -0.595| -0.632| 0.063| 0.653| 1.0000

F [-0968"| 0485 0.646| -0.843| -0.602| 0.145| 1.000

pH 0.792| -0.783(-0.961"| 0.760| 0.936'| 0.591| -0.710| 1.000

EC | -0.380| 0.586| 0.794| -0.571| -0.772| -0.854| 0.295| -0.864| 1.000

AP 0.695(-0.968"| -0.824| 0.141| 0.860| 0.404| -0.493| 0.645| -0.365| 1.000

E-K | 0.585| -0.482| -0.776| 0.843| 0.727| 0.587| -0.578| 0.913°[-0.922%| 0.282| 1.000

E-Ca| 0.717| -0.797|-0.964"| 0.695| 0.943°| 0.687| -0.617| 0.992°| -0.911| 0.643| 0.913%| 1.000

E-Mg| -0.191| -0.291| -0.409| 0.083| 0.413| 0.936°| 0.291| 0.447| -0.828| 0.063| 0.588| 0.547| 1.000

OM | 0.134| 0.143| -0.234] 0.735| 0.165| 0.312| -0.255| 0.481| -0.665| -0.357| 0.795| 0.482| 0.528| 1.000

MY, marketable yield of potato; SI, scab incidence; SS, scab severity; MBC, microbial biomass C; B,
bacteria; A, actinomyces; F, fungi; pH, potential of hydrogen ion; EC, electrical conductivity; AP, available
phosphate; E-K, exchangeable kalium; E-Ca, exchangeable calsium; E-Mg, exchangeble magnesium; OM,
organic matter; * p<0.05, ** p<0.01.
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