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ABSTRACT

To get some informations for sustainable paddy use, the productivities of soils with two years of cropping
systems were estimated through pot experiment using two pretreated groups of not autoclaved ‘natural’- and
‘autoclaved’-soils without any fertilization. And then the relationship between the productivities, called yield
potentials, and the characteristics of soils as affected by cropping systems, such as rice-rice (R-R), rice-
barley-rice-barley (R-B-R-B), rice-barley-rice-wheat (R-B-R-W), soybean-barley-soybean-barley (S-B-S-B),
of which barley and wheat were composted at a level of 10 MT ha, and S-B-S-B without compost, was
analyzed. These treatments were established in mid-mountainous loam paddy, which contained exchangeable
Ca of 11.8 cmol. kg™, located at the altitude of 285 m above sea level in Sangju of Korea. Crops for the
estimation of soil productivity were rice cv. ‘Seolemi’ and soybean cv. ‘Chamol’. As a result, under the
natural soils condition, rice grain and straw were highly produced in composted S-B-S-B soils (p < 0.05) and
lowly in R-R soils (p < 0.05). While soybean grain and stem were higher in R-R soils (p < 0.05) than other
soils which not significantly different each other. In case of autoclaved soils, the yield potentials of rice and
soybean were high together in either composted R-B-R-B/W or S-B-S-B soils compared to R-R and
uncomposted S-B-S-B soils (p < 0.05). In especial, these yield potentials under the natural soils condition
were commonly influenced by soil porosity showing negative correlation for rice (p < 0.01); positive for
soybean (p < 0.05). And the porosity possibly reversed even the symbiotic contribution of indigenous
Bradyrhizobium japonicum for soybean. Under autoclaved soils condition the potentials of rice and soybean
showed negative correlations with soil C:N ratio (p < 0.05) similarly to the case of rice in the natural soils.

Keywords: Cropping system, Paddy soils, Yield potentials, Rice, Soybean

Yield potentials of rice and soybean as affected by two years of cropping systems in mid-mountainous
paddy soils from June 2014 to June 2016.

Rice Soybean

Cropping records " No autocl. soils " Autocl. soils® No autocl. soils Autocl. soils

Grain wt ~ Straw wt Grain wt  Straw wt Grain wt  Stem wt Grain wt  Stem wt

g hill”! g plant”
Rice (R)-R 8.8 c* 105¢ 4330 36.9b 142a 482 a 12.1bc  312b
R-Barley (B)-R-B 22.7a 23.7b 54.6a 41.7b 99b 36.4 ab 209ab  53.0a
R-B-R-Wheat 182b 21.8b 56.5a 50.2a 1140 34.0 be 243 a 60.4 a
Soybean (S)-B-S-B 232a 275a 532a 38.8b 79b 21.5¢cd 249a 6l.2a
S-B-S-B (No compost) 19.1b 23.7b 39.5b 35.0b 7.0b 17.7d 6.0c 242b

TFor barley and wheat commercial compost of 10 MT ha™ was applied except for the barley in S-B-S-B (No compost).
No autoclaving soils.

SAutoclaving soils.

*Numbers followed by the same letter within a column are not significantly different (Duncan test, p < 0.05).
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Introduction

2 FEuete] BisAh= 2 AR[Eo] 24| S 5710 A5 HeE0] FAIEAIE HIekE AL QT (Choi et
al., 2016). 1811 F, U 50 W2 G5 AR 70 Sll9] o) 42 (Statistics Korea, 2016) =7 A1&AH5-2]
A o= XA 2] @ejnt. oof whet =g ujel AlRRIE e 7] ¢} - S A Al A5 (Turral et al.,
2011) 54120] Gz A8 08 B o|] theket B o] Afshs o] W Stk (Kim etal., 2015), Bt
ohjal, ss4rz o] 122l AabEro 24 187 B £7) e slels Aol AME-S ol T AEE) &
£0] H= Al S A=A o7 Tlof & H AT =2 ABto|tt (Dias et al., 2015; Kang, 2007; Kang et al.,
2016; Kim et al., 2014; Muthukumarasamy et al., 2007; Parr et al., 1992; Wang et al., 2010).

itz o g Bofo] AaiMd o & TAEE AL THAE = Ev To® ARgRel QoM EfE|er 2
2], A2k, pHeF-R7 12 59 YR, 1R nlE 0] S5 50 Q) dFe Tot A= Ao R dBA
21Tt (Cook, 2006; Im, 1978; Lee et al., 2008; Muthukumarasamy et al., 2007; Olk et al., 2000; Power, 1987). 12
1 o]t 22 o] gt 9l ¥l E St AEH O R ARE = Zlo] ZHEA|A etk (Cook, 2006; Dias et al., 2015;
Park et al., 1993). -F-e|Uet =EFO] A d-S B, B AZR] oA O] 4552 73~80%7 F AFAX[ 2 0] S T o
Hise7} o Foet SHJEE A =2 o2 AR A /o™ (Ryu et al., 1971), ZFFAA ol o] Bl o2 =
E ol & 237t Afuligt oA w11 -2 1'd S9lE = Ee3l7] §F Bl =2 2 0 &2 SRIF YT (Kim et
al., 1993). X0 5335 =PI dELQ1 EF DA (Fang et al., 2009; Kang, 2007; Zhang et al., 2008)2} €4~ (Dias
etal., 2015; Im, 1978; Olsson and Ardo, 2002)= Hi=& FH 0 2 Q| ALR5E BHEA So]E=Z1 02 L
W (Nishida et al., 2013). 12|31 Bl 223 EYnlE ozt AEgede 24%5= CN 20149
(USDA, 2011) Eax= B Feliel 7] 5of nie} tefsiA] Wishz 202 Q15|10 (Moroyu, 1983). T7E, A=}
A 2P| 7t £:.0 & A-85h= (Kang, 2007) EA01% TRwS S22 AN Bl AAE= a1
AT S T3 =2 71 0 2 g6l Tt (Kang, 1998; Kang et al., 1997; Kuykendall et al., 1982). 12U} o] 2|3t
Shjelo] gre eiui Aols BT el tetl o] ARAAS B = Eoko] AR el 2 1
o] 214 QUAL (Ahn et al., 1992; Kim et al., 1993; Park et al., 1993; Yoo et al., 1995), 1} 2 2]o]| wk& 4=7F
] wis 9152 B Algolrt. TP 2 i eke] 2|4 ks A B TS Slee el T £ olsfat
37} B2 A O] B F BAlo] Thfsl] ol ol Hop & 2o 2 AzpEIc

ol Zlel A 1 AT o] Bol e FARIANA 1 Azt g 1 - Bk He) U o Ao 2 A 4

et iz afo] Zhe wioh 30 AAMIAH S EQko] olstoadat uAbE A A wel A BAtstack

ol
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Materials and Methods
HEX 2| EY| JHE ZRAA A2l E =EGS offd 285 mO] 5 ATA] A Ho|| Zp2]et =1 At
AFEFAE AAZF o2 A, @8 Hof| A3|=|e] Fo] F-UH 71l Dol Lyt =X} 31 o4 =

1, MRS 2 oA ST B4 AR om Ml oz epstaick. 1)1 A e Ho] HlE U
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- (o) B, d Afufjof] EH|ALE), HejAfjale] EHlE Al-8okA] b F-Hel-F-H e (oo} ‘EH] FAG F-H
g-F-HeP 2 37])), T3 He|AHjgo 2 EH]E 20143 6 Qo= Al-8oHA] ettt 20151 69| Al-83t 5-H
2]-5-He] (oo} “F-Hel-a-He] 2 37]) 2R E o] 5 422 ot ZE-24.5 x 15 m 7] 2] A[gLollA] Al
Skolom, 52t Foll= Bl ARl ol HlEe] Wl Foie B el 42 BE ARl Hhe = SojUigich AlR7]TE
0] 712820148 2] 749 B 11.0°CEN LB -3.9°C (12°Y) ~ 23.6°C (7Y), 20159 B 11.5°CE LB
-2.0°C (1'9) ~ 23.7°C (8'Y), 2016 F == 67| Bt 8.9°CE LBt -3.3°C (1Y) ~ 21.7°C (6Q) HSI= EEs}
et 12|31 739k 2014F0] £ 934.5 mm=EA 5.0 2Y) ~ 213 mm (8Y)2] BEEE, 201592 £ 663.0 mm=
0.0 mm (11'%) ~ 146.5 mm (10€) 2] FILE, 20161 6 L7H =5 417.9 mmE 20.2 mm (1€) ~ 161.0 mm (42)2]

Bug 217t neldt,

1 o

N

R ZE U ZEAA Ao AASE W FE2 AT Auv), T2 2311 ), Hele AlE§
o, W2 2 otk 2014 B o] 6H 10¥°], T 1526 13U 514
10gof] mhE5H3ITE 2015 Ak ofli= B o]t F mhg-2 5 69 1090 511l B mhg-2 109 79 sl 2
EANNE I3 AH= w2187 = A gateh e AR ol (NICS, 2010) 3=, 4 (N)-QM4H (P,05)-Z 2]
(K,0)2] A= #o] A9 22} 9-4.5-5.7 kg 102", T2 3-3-3.4 kg 10a”, H2|= 11.8-7.4-3.9 kg 102, B2
9.1-7.4-3.9 kg 102" O] HEFE 7|50 2 A Asfloflut EQHIT AJH|ERS AFEalA] Al-§ota 2\l BRI
= Aol BEFE AL8SHT) ot ¥ $210] Hejoh l, BHE A8 F F2H0] He] Aul= o5 53tE
S mg5o7] Aol EH1E 10a F 1E4 A8 (NICS, 2010).

EY o|3tetd BM  EJO| olgfeld BAA RS 15 cm 20|19 HES ARSI E ] FHAAVEAMS Aol
ARG ARAR RS TAEe] = Aol AFSHAAL, AR WA E, 358 pH, T EA, e ©
2, a Qb A, E|al Mg deat dE, il ol k. 1A AN Y EY Bt e

H
H

o
S350 A5} H St g Balsloir B e 0e e Aemleie) A Esid Ba
Z

=

g A5 SohY HAA 20k o] AT Al Ak AMRE) A4

S5 TYAFEY AFARE LA AR (NICS, 2014)°] FHAek 220 AR 7k

U B2 5E 4 o
4| A Z0] A XA 7= A o2 I F-24 Bacillus sp.2t &873 Pseudomonas sp.=(Kang et al., 2017) A|
F5 YHEISHA HA= YGHIRE, $A1= 334 Pseudomonas Z-881A] (KH,PO, 1.0 g, MgSO, - 7TH,0 0.5

g, KC10.2 g, NaNO;s 5.0 g, Deoxycholic acid - Na 1.0 g, Betaine 5.0 g, F 15.0 g, 3751000 ml, pH 7.2~7.4)&
HA5HATH(NICS, 2014). & 328 T+t Bradyrhizobium japonicum®] 412Uk Kang et al. (1991)°]
ol whet R/ dEiellA ot <3 Fo] fHE AAr AAE dlS ¥ ‘growth pouch’®]l 1:2 (plant)™]
ARt ok, B2 108l A1 5E] 10°8)7kR] S]Aet Bk = AR | mIXS 45HE O 2 345oto] 457 Afufieh
H Belgo] JAE ‘growth pouch’e] 742 A XEA]H (Most probable number method).2&2 ZAFSFACH
(Vincent, 1970).

S
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APREQO| ERMAN BA ALY oK vieh L oo sigiet WA AREY %%XMW T
% 5 Aol LS, 2 A Ae] EQPEE S ke S Ul 215 em, 0] 185 cm] 95 Pote] 63H2.0 2 o

OFA] 3RHE-2 121°COl| A 3027 Bt A 2lotal, W 2] 392 Hdohr] oF il | o = uljz|sto] 2HE-2 AHul
Sl W= <Ay n] 30825201619 6 16 Pot F 157324 o] U511l T2 2-S W o] do 47 & uh
oF 5§ Fdoleh 2 20 A A, W, F B 55 2] 20 skt A8 W= F H 4 (T-N) 2.086 mg
! ﬂa} (K) 1.66 mg L', ZH (Ca) 10.03 mg L H}Jﬁlg (Mg)22.74 mg L' $H3-5F a1 Q1S =m|gF 3151
E‘r T Het ol LIS AR ESE R H g7 lola, o5 A& Alel A AR ESFS] o]kl Bl A4
m EQ]'J /kh,h,l-ﬁ] 1| 2 %/\1 oz EotJ ZPxHAH/R]—/H JJ-7;" _QLO] [e) 1:1/\—13].93\1—4.. %}'ﬂi, P ;(HuHoﬂ A]-_Q_Q
A‘#E%@J o|2}eHd-& HH Table 13} et Ui-d et HlS-2 A7) 7ol -frol& 1 2ol 7} glglch. Z1eut Al
e w-H 2]-9- K 2] Al R]ofl A 88.3% 2 7HE w8kl thE o & w-He|-H-l Aul x| > F-H 2-F-H 2] ZEjA]
> QA2 =B > EH|FAEO] F-Hel-F-He] 2] o & =8Itk 352 W AAA7F 57.1%= 71
=0 HA ThE ZFRESF[51.4 (FH] FA-8-2] F-He]-g-He] A8 A]) ~ 52.9% (H-H 2]-H-H 2] Z{ufA])]-F-2]
29 2pol & H et pH= 6.6 (W A2}, H-H2]-8-H |, ¥-H )-8, B8] FA-80] F-H 2]-F- K 2] AHlA]) ~
6.7 (Z-H&]-Z-He] AHiA)), F A4 0.14 (FH] FAR] F-Ha]-F-H ] AEA]) ~ 0.22% (H-H2]-H-He]
AEiA)), F71E2 18.8 (F|H] FA8-2] F-Hal-F-H 2| AuliA]) ~26.7 gkg' (B-E2]-H- AHA]), C:NE2 6.5
(F-Ho]-Z-Ee] i) ~ 7.9 (B AZHA)), R QIAE 88 (F|H] FA]-8-2] F-He]-g-H 2] Zu]) ~ 168 mg kg
(H-1K.2]-u-d A ]), 212Hg 2= 0.37 (BH] FA1S 5-Eel-F-H 2] AEiR]) ~ 0.58 cmol kg™ (H-E.2]-H-H
2, -5 2]-u- T el ) o] ks et gleh. T8 HA F Aot f7 ), Fa 4L A )= w Aol o]
oj A FAE R H el dS Al AR E oA A A o &2 Egtor, T A4S A|LfRt o] & w2 thE AHEA]
2ol A o] A&t 7012191 2tol & HH (p <0.05).
187 EQAYE] AA L= Table 29} Zo] Alde] 749 125.6 x 10° (] AZHA)) ~ 348.2 x 10° cfu g - soil”!
(H-E -1 2] ZulA]), A2 14.3 x 10* (B8] FA8-2] F-H2]-F-E 2] AHuj=]) ~ 28.8 x 10* cfu g - soil ' (B~
Hal-F- 2 2] ZEA]), APFES37.6 x 10° (H-E2]-8- AR ~ 79.0 x 10° cfu g - soil ! (H-1 2]-8]-1K 2] Aul

O

o l‘

Table 1. Physicochemical properties of soils used for crop-yield potentials due to two years of cropping in mid-
mountainous paddy soils.

Cropping Water . Av. Av. Ex. cations
records’ stable Porosity  pH T-N O.M. C:N P,Os Si0, Ca K M
aggregates g

% % 1:5 % g kg ratio mgkg! mgkg! o (110 1 s —
R-R 823a’  57.1a 6.6a 0.17bc 230b 79a 103b 458c¢ 128a 042b 34bc
R-B-R-B 88.3a 529b 6.6a 022a 260a 6.8bc 163a 632ab 119a 058a 34c
R-B-R-W 86.3 a 522b 6.6a 022a 267a 7.labc 168a 494bc 12.1a 058a 3.8a
S-B-S-B 83.0a 51.8b 6.7a 0.20ab 225b 6.5¢ 107b 602abc 11.4a 040b 3.1d
S-B-S-B 77.3 a 51.4b 6.6a 0.14c 188c 7.8ab 88b 715a 11.8a 0.37b 3.6ab
(No compost)

R, Rice; B, Barley; W, Wheat; S, Soybean (for barley and wheat commercial compost of 10 MT ha™ was applied).
TNumbers followed by the same letter within a column are not significantly different (Duncan test, p < 0.05).
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Table 2. Some microbial populations and winter-crop yields due to two years of cropping in mid-mountainous paddy
soils'.

Cropping Bacteria Actinomycetes Fungi Bacillus sp.  Pseudomonas sp. ~ Winter crop
records (x 10%) (x 10% (x 10%) (x 10°) (x 10°) yield

cfu g - soil” tha’
R-R 125.6d 21.6 ab 58.5ab 16.1¢ 20.4b -
R-B-R-B 3482a 23.5a 79.0 a 34.1b 54.1a 6.34
R-B-R-W 228.1b 259a 37.6b 679a 179b 2.83
S-B-S-B 186.3 ¢ 28.8a 59.8 ab 4020 23.7b 6.13
S-B-S-B 1659 ¢ 143 b 443 Db 352b 24.6b 425
(No compost)

TSee foot notes to Table 1.

Ay o]t 1831 Bacillus sp.a=16.1 x 10° (] G2FA]) ~ 67.9 x 10° cfu g - soil ' (H-H2]-H-2 Aui=]) 2 o] o]
o] T2 Augt EFollA 7 =31 (p < 0.05), Pseudomonas sp.=17.9 x 10° (H-E 2]-8-F Al 2]) ~ 54.1 x 10°
cfu g-soil ' (H-H.2]-H- B 2] Afulz]) o] icF Hof Hef o]olx] BelE Auigt Bl 7F =& Holqlr (p <
0.05). B. japonicum®] A2 U= Table 52} 20| H 541 9] ZFLE A 17 cells g - soil ! 0|5t F 541 9] 2H5

FolAE 1.0 x 10° (F-Ea]-F-H 2] AHlA]) ~ 5.8 x 10° cells g - soil ! (E]H]FA-8-2] F-He]-F-Ha] AQulz]) &
A

SHH, 2R A2 2 3%} EgolA o] B2 SRS Table 29t 40| B 117 HE|7}6.34 tha!, ¥ S5 U-22.83
tha', E]H]S Y1 Aulgt F S5 Hel=6.13 tha!, EH] FA-89] F 5117 Haj=4.25tha' o|3ith

S 1 o
i EgS BaFa= 108 s)At AR S 77}
1 ml& 35HE.0 2 HFstofA AArt AAE Ao g2 | 742] 677k et § 5] 2V dHet el s-g 4o}
Ak olgA £8k5t AlEA et HEjgo] I B A tPoR siA ARAEG] A
Japonicum ©] AATHRIE ESFO] AANgH s o= HrIskql) o Z
YCK 213 (Kang et al., 1991) FF1-& T, A= ESAE Al 3578 2l $4H= YCK 213
S YEMHZ] (Vincent, 1970)°14] BlFSEA] 1.7 x 10° cells ml™ $~5=0 2 FE4]2] SF3Ach

pa}

et
@} B. japonicum

=
fn)
f
o

EAEM SAS T2 9.1.3 HA (2006)0F A9 AZ-S ATEA T} BARRA 5Hoich

Results

R EQFO| EFRHAHAMM  FARTEA] oA 27 ZHRE Hajel EQFo 2 Ajujet Bie}l o] S Wl ko
Tables 3 and 49} ZITh W= Table 33} Zo] A2 0 2 Qo] 24 ks UYehlls QA 5271 AFESF
Btz gof| PAIQlo] m}E T 43 G A H o 1k 527 DAl A8 27 of]| Lttt T HA Bk BitelA] ¢ke At
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Table 3. Growth status and yield potentials of rice as affected by cropping systems in mid-mountainous paddy soils.

Soils Leaf chlor. level T No. of 1,000 - ) )
Cropping Culm spike arain wi of Grain 'wt Rlce-stra%w
Treatments recordst 27 DAT 43 DAT length perhill  rough rice per hill  wt per hill
cm g
R-R 30.1 23.9 41.0b° 83¢c 23.7¢ 8.8¢ 105¢
R-B-R-B 34.5 27.4 477 a 15.7 ab 24.9 ab 22.7a 23.7b
No R-B-R-W 33.0 25.8 463 a 13.7b 253 a 182b 21.8b
autoclaving S-B-S-B 35.0 272 463 a 163 a 254a 232a 27.5a
S-B-S-B 34.2 26.3 46.0 a 15.7 ab 24.4 be 19.1b 23.7b
(No compost)
Mean 33.4 26.1 45.5 13.9 24.7 18.4 214
R-R 37.6 33.1 523a 273D 26.0a 433D 369D
R-B-R-B 37.6 34.7 52.0a 28.0b 26.2 a 54.6a 41.7b
R-B-R-W 37.7 34.8 513a 32.7a 259a 56.5a 502 a
Autoclaving S-B-S-B 37.2 33.7 523a 283D 26.0 a 53.2a 38.8b
S-B-S-B 36.2 334 50.7 a 26.0b 25.7a 39.5b 350b
(No compost)
Mean 37.3 33.9 51.7 28.5 26.0 49.4 40.5

T and ¥ See foot notes to Table 1.
TLeaf chlorophyll contents level was tested with Minolta SPAD-502 27- and 43-day after transplanting.

Table 4. Growth status and yield potentials of soybean as affected by cropping systems in mid-mountainous paddy
soils’.

Soils Leaf chlor. level
- Stem No. of pod 100- Grain wt Stem wt
Treatments Cr::i?g;g 27 DAT 43 DAT length per plant grain wt per plant  per plant
cm g
R-R 35.5 37.6 36.7 a 66.4 a 17.1a 142a 482 a
R-B-R-B 35.6 38.6 372a 4140 18.1a 99b 36.4 ab
R-B-R-W 35.2 383 34.7 a 423 Db 184a 11.4b 34.0 be
No S-B-S-B 37.9 384 342 a 30.4b 17.6 a 79b 21.5¢cd
autoclaving S-B-S-B 35.6 37.9 31.7a 249D 17.8a 7.0b 17.7d
(No compost)
Mean 36.0 38.2 34.9 41.1 17.8 10.1 31.6
R-R 37.4 34.9 322a 36.0b 19.4 be 12.1 be 31.2b
R-B-R-B 38.7 342 35.0a 62.5a 23.8a 20.9 ab 53.0a
R-B-R-W 38.7 354 38.0a 76.4 a 19.5 be 243 a 60.4 a
Autoclaving S-B-S-B 37.0 344 342a 76.2 a 21.3 ab 249 a 612a
S-B-S-B 36.1 33.9 36.5a 26.0b 172 ¢ 6.0c 242D
(No compost)
Mean 37.6 34.6 352 55.4 20.2 17.6 46.0

TSee foot notes to Table 3.
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ZZA0A 9] FHeL 7, = A X 1,0009 FA, Ax SRR B ¥ AZESETE o o] EEM

LS QAL Tl o]o] BElE A e ZPFEGOlA o] =2 4o 2 et o] 7kt Ax4aFo] =9k
Eoke vl Hel-H-H ] ZReL . 1l F B ] A E T (p <0.05), HZ-S 714 wo] AR EQke Z Ha).
-] ZFRESOIT (p <0.05). L AT AIFES FollA 45 L A 84 A-o] o Zol 7P U EY
2 EMAE2 -Eﬂ - B ZHFEGOI I (p <0.05) 7P L 22 ¥ AZE It (p <0.05). 121l F-
el g1 e] 2R E ol M 9] A4 v AZTE oA E Tt 2,68 U] =30t THE, AR EYSS Bt A 2] ofo] 1
£ AulgRS o] GMI et 2, Axa, HARAE H-Eal-wd ZREJoA] 7P 12 A] E30ot ot A x
TS WKWK, e el w. g, F K 2]-g-H ] ZHE oA o Zo] =81 (p < 0.05). 1RU AAES
ZZA0A ER1E B2 gF2 F-He-F-H e AREo|M O Axpde H% AREFHTE FolH 0 2 =8IA|T (p <
0.05) BHESF 210X = 1 AzEa} 2lo|7} glgiet. )11 2R E ko] E A e ol o] whE ¥ A 2wl Bl
ARAE J2] g EFollA Al Zo] AtAE oA Afulg ZiE. E‘r%% 7R} 1.94] O] =2 7ol it
17} et Ee] A1 EFxRolA 1 § 279 HTE 857191 43 4ol T =3k,
= I19E A ‘-‘:'T—1—7] 1ﬂ§ T 27970l B] =30 AAxToN M 9 F Bt aeeg, AR

Eoollx] 2] =2 7ol Tt (p < 0.05). T ThE ZEA ] EQfol|x o] F 4=k 2] 7t
o7} 1%L 1*1’41 what H%-EFJ-B%-“‘ > v-He|-H-He] > F.Hel g1 > EHRAge] F-He]-
T-HE] o= 2to|7} gl oH ol yehgA] ekgteh Flo] A= Hﬂ Heolw.He]>uHele g > F e
2-g-He] > EH| Tﬂ*‘u T-HE-F- B ZHRESF 50 2 =90t) TR W AREJOIA O] F e B H
2]-H- AR ECFHTE | 24, B-H o)) AR ECE U= 1 44, EH|A80] F-Hel-F-H el .84 T
E2 202 FAEGL Jeu AREGRS et 27104 Q] £552 WK |- WUt F K 2l g-H el o] AR E
FolA 7H = (p < 0.05), TR 0.2 H- K 2)-H-H 2] 2R ECFo] 2ol ow v QTR ofart B 7 A1-8-0] F-Hal-
-HE] ZAREgAE AR Tr-W 2l zpo] glo] 7P wetet. et Fo FAR= Holl o]o] B LS Afulet 2}
HEG}F-He]-F-He| ZPRESIA A= 2fo] glo] ¥ AZEFo|L EH]F A8 -Eﬂ -H e AREg
A ETERo14 0 2 =98th (p < 0.05). 1009 FARE AFAESF 2712] A[@oflA 2o/ do] gIgid At g H-Hal
H. K 2] AR EgA 24 0 2 7P =0T (p <0.05). I8 1 et AR EGRS f“#o}ﬂ A2 AR AR E
ol vlaliAl Fol =gt Foh AT ZE2E 1,74, 1.580 o =9kch
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HAWs /322 Table 52F Ut 723 B4l Fo] Hieof| 2MYE Z7-0] ot A T18] 1l 2V
= B. japonicum®] BE7} 10 cells g - soil ' 50 & =2 F FA4] 0] 2 EF0] 10 cells g - soil ! <1 3|
H Az}, - H 2w H 2], H-H )i ARE ol A H ot 7014 0 = =91t (p < 0.001). T S S AFRES S
T SOl BlAdgol B8] FA8-0] F-Hel-F-He] AREG HEolA A Hadtt BHlE Y2 3-Hel-F
-HE| ZPREQF HF TR -FolH 0 2 =9k B (p <0.001), Tt R T AT Tl frelH ]l Apo |7t
ATt 123 AR 72 iAol 7P =2 E T Bl B FALG] F-H el g-H e AR ES HE
= B. japonicum YCK 213 BEFHT} B. japonicum 855177} 1/300 502 A 2ot 7 240 H A0
TRFAIR AV AEelAE B =2 A4AS UEISIT (p < 0.001).
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Table 5. Symbiotic potentials of Bradlyrhizobium japonicum populations in 10-fold-diluted (10™") whole-soil inocula as
affected by cropping systems on G. max cv. Chamol and Taesun'.

) o cv. Chamol cv. Taesun
Cropping No. of rhizobia
1 No. of Nodule Shoot No. of Nodule Shoot
records (cells g - soil ™)
nodule dry wt dry wt nodule dry wt dry wt
--------- gplant™ ----————- - 3%) £ | —
R-R 10 63d 048D 5.6¢ T3¢ 0.50 ¢ 55¢cd
R-B-R-B 17 97 cd 0.56b 6.1c 79¢ 0.60 ¢ 6.7¢
R-B-R-W 17 108 ¢ 0.60 b 59c 86 ¢ 0.63¢c 69c
S-B-S-B 1.0 x 10° 180 b 1.05a 11.0b 216 b 1.34 ab 14.6 b
S-B-S-B 5.8 x10° 209 b 1.07 a 11.5ab 205b 1.46 a 16.2a
(No compost)
YCK 213 1.7 x 10° 313a 1.19a 12.8a 353 a 1.23b 13.5b
Unioculated - - - 3.0d - - 4.1d

TSee foot notes to Table 1.

AE & Eo| staty w4 249 gele] A3 EFS 71705 A F9] 4212 B (Tables 1 and 6) ¥

éxﬁﬁﬂéﬂ%ﬂﬂ%pH % 0, R, A Bo] ZAAT CNETH A Zel} Aas Aol T

7125 Z715HT pHE FE WA, 2|8 et ko] 244 gl elet. el n AP ES

o] Abl Bto] A9HE 0 2 38 AFS Wt pHEFFEIE, M4 T4 ot
J

Idlge] gho] 5218 0 2 = A]Tk (p < 0.05) X|2Hd A=k Wkl (p < 0.05) 7712 T2 794 glo] &

T
o
i
=,
s
B
il
2
=z
i)
filo
R=)
e r
¢

c

Table 6. Chemical properties of soils after experiment for crop-yield potentials as affected by cropping systems in
mid-mountainous area’ (Continued).

Soils Ex. cations
Treatments Sg:ff(;:g pH T-N oM. CN Av.P,0s Ca K Mg
1:5 % gkg! ratio mgkg! e (o 1500) P - g ——
After rice cultivation
R-R 7.1 bc 0.22d 232¢ 6.1a 133b 14.0a 0.15a 3.4 bc

R-B-R-B 7.0¢ 0.26 b 26.0b 58a 179 a 13.7a 0.17a 34b
R-B-R-W 73 a 027 a 273 a 59a 185a 13.5a 0.15a 3.6a
?u('zoclaving S-B-S-B 7.2 ab 0.25b 23.0c¢ 54b 132b 11.9¢ 0.10b 32¢
S-B-S-B 73 a 0.24 ¢ 19.8d 48 ¢ 100 ¢ 12.8b 0.09b 37a

(No compost)
Mean 72a 025a 239a 5.6¢ 146 a 132a 0.13b 35a
R-R 7.1a 0.25b 233D 54c¢ 129 be 144 a 0.06 b 3.24d
R-B-R-B 7.0b 0.36a 26.1a 42d 176 a 13.7b 0.10a 3.6b
R-B-R-W 7.0b 020bc 26.5a 7.6 a 179 a 12.7¢ 0.12a 3.6b
Autoclaving S-B-S-B 7.1a 020bc 222¢ 6.4b 144 b 11.8d 0.09ab 34c
S-B-S-B 7.1a 0.18 ¢ 19.0d 6.1b 108 ¢ 124 ¢ 0.08ab 4.0a

(No compost)

Mean 7.1a 0.24 a 234a 5.9 bc 147 a 13.0a 0.09¢ 3.6a
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Table 6. Chemical properties of soils after experiment for crop-yield potentials as affected by cropping systems in
mid-mountainous area’ (Continued).

Soils Ex. cations
Treatments S‘::ff(;:frg pH T-N oM. CN Av.P,0s Ca K Mg
1:5 % gkg! ratio mgkg! e (o 1500) P - g —
After soybean cultivation
R-R 62a 022ab 26.7b 7.1 ab 52b 11.5a 0.18a 26a
R-B-R-B 6.1a 022ab 283a 75a 101 a 114a 0.15a 29a
No R-B-R-W 6.1a 023a 282 a 7.1 ab 9% a 113a 0.16 a 2.8a
autoclaving S-B-S-B 6.1a 021bc 244c 6.8b 88a 11.6a 0.18a 2.8a
S-B-S-B 63a 0.20¢ 21.0d 6.1¢ 65b 11.5a 0.16a 30a
(No compost)
Mean 62b 022a 25.7a 69a 80 b 11.5¢ 0.15a 2.8b
R-R 58¢ 0.22b 24.1¢ 6.3 ab 64b 12.1a 0.18a 2.7 be
R-B-R-B 58¢ 0.24 a 26.3Db 6.4 ab 99a 12.0a 0.18a 2.9 ab
R-B-R-W 5.9 bc 0.25a 28.5a 6.6a 107 a 122a 0.18a 2.9 abc
Autoclaving S-B-S-B 6.6a 024 a 25.6b 6.2 be 9 a 12.0a 0.18a 2.6¢
S-B-S-B 6.5 ab 0.20 ¢ 20.5d 59¢ 67b 124a 0.17a 3.1a
(No compost)
Mean 6.1b 023 a 25.0a 63b 87b 12.1b 0.18a 2.8b

TSee foot notes to Table 1.

o S =itk Al oz H, 24l o] ol HE AMidE the B JAEYS Al e A=
FollA F ARl Blsf T Aawol Fo1d ol w2 dl #ha EAL CNE2 Fo4 0% Hkth (p <0.05). 11
2 BB 2o Hek-g2] AfulA] Tkl ZRFA Q1 2 o7} QIStEH], =52 0= FH] AL = FAE2] -
H|-g-He] ZFEES} EHALE-S] B K el 2R A S A S mhe C:NEo] o =345 T Al
Fe die T Aol 8 w2 AR Y AAEGEo et vt El= e Hrk

T A ARG B HRtolE B, B Az o] 2jed |t T AElA] o] C:NaRto] ATl

A §014.0 2 39ET (p < 0.05) L] SEIAREL 2pol7t glaick

rl

(*]

Discussion

H1of oJ5}H (Ahn et al., 1992; Kim et al., 1993; Motomatsu, 1990; Park et al., 1993; Yoo et al., 1995), §%1-%
2lof| ot A= o] AL =2 O = 3 o[ YR ARERE o =0 ' HEe= o 2 RS o 2 7|
t}. ofof wiet g tedo] ARb=kRr) 3uf o} =2 S EA] O] =0l A 2%t ¥ <12, Bi-H el - H 2, B K 2-H-
4, F-Hel-F-He (o] B - I Aufx]of EHIALE), EH]FAE-0] F-H - H e = AHA ] §F A E o
A v et F-S Auligh A, o] 52 A4S (Tables 3 and 4) Kim et al. (1993), Park et al. (1993), Yoo et al. (1995)2]
B el npxbrpr| & Z¥7F F Al x| eF B A2 of| A =0T (p < 0.05). 12|41 o 50] A2 A EFo] E e gfet

A7} of50] Wgle] Polsh ulEe] E3HAQl gk W Ao 2 eRit) B Hlo] Axset} METAE
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Table 7. Correlation coefficients between crop-yield potentials and soil characteristics as affected by two years of
cropping systems in mid-mountainous paddy soils’ (n = 15).

Rice Soybean

Items No autocl. soils ™ Autocl. soils® No autocl. soils Autocl. soils

Grainwt Strawwt  Grainwt Strawwt  Grainwt Stemwt  Grainwt Stem wt
Water-stable aggregates 0.24 0.17 0.48 0.50 -0.12 0.07 0.62*  0.69 **
Porosity -0.68 **  -0.76 **  -0.16 -0.05 0.76 **  0.61 * -0.22 -0.27
pH 0.00 0.02 0.24 0.19 0.05 0.02 0.14 0.15
T-N 0.36 0.23 0.75 ** 0.65 ** 0.23 0.15 0.69 ** (.77 ***
oM. 0.09 -0.07 0.74 ** 0.76 ** 0.35 0.43 0.57* 0.62%*
C:N ratio -0.62*  -0.58* -0.53 * -0.34 0.05 0.32 -0.59 *  -0.71 **
Av. P,Os 0.24 0.10 0.68 ** 0.56 * 0.15 0.22 0.38 0.51
Av. SiO, 0.50 0.52 * -0.14 -0.40 -0.49 -0.50 -0.18 -0.14
Ex. Ca -0.73 **  -0.76 **  -0.15 0.19 0.44 0.56 * -0.32 -0.26
Ex. K 0.21 0.05 0.70 ** 0.75 ** 0.20 0.36 0.53* 0.52*
Ex. Mg -0.27 -0.24 -0.05 0.40 0.16 0.05 -0.29 -0.16
Bacteria 0.61 * 0.45 0.57 * 0.44 -0.19 0.01 0.40 0.46
Actinomycetes 0.18 0.13 0.81 *** (.38 0.01 0.20 0.46 0.60 *
Fungi 0.18 0.02 0.26 -0.08 0.00 0.12 0.03 0.11
Bacillus sp. 0.45 0.51 0.55 * 0.75 ** -0.31 -0.31 0.53* 0.57*
Bradyrhizobium japonicum 0.14 0.28 -0.62 * -0.47 -0.46 -0.65 ** -0.62*  -0.57%*
Pseudomonas sp. 0.43 0.22 0.22 -0.03 0.00 0.02 0.15 0.15

TCropping systems were rice-rice, rice-barley-rice-barley, rice-barley-rice-wheat, soybean-barley-soybean-barley (for barley and
wheat commercial compost was applied with 10 MT ha™), and soybean-barley- soybean-barley without compost.

No autoclaving soils.

¥ Autoclaving soils.

* *¥* and *** mean significant at 5%, 1%, and 0.1% probability levels by DMRT, respectively.

Table 7°] /A /420l M & = Ql0] Al A EFC] (Tables 1 and 2) & E42[0.15 (F[H] F-A-8-2] F-H ] 2}
FHED ~0.22% (B-Ea)/E ARE)], it [458 (H F2ED) ~ 715 mg kg (FH1FA82] F-H ] 245

D] A Aol MALE (p < 0.05)2F A o] A HFE Hol7|% AT, EY 358 (p <0.01), CN&
(p <0.05), Z (p < 0.01), O 1H|0] Segahs Fo| IRAIE o[ F3ieh T1e|dA] B 4ibd2 B Azto) 2L E
FollA 7P Edar E]RIA1G0] F-He] AFEGOA 7Y =8I olefet Axk= B A2F Efo] thE AHFES]
HJof| & AAt Rt oleFo] RO HA =2 F=E3 C:NE, ZaS Hioll7] whzol H Fegdo] far]x
(Pezeshki and DeLaune, 2012; Ponnamperuma, 1984) E |/ 3E1t0] 2401 74T A of| A H7F EFEAE O]
85171 oA AL (Cortez et al, 2007; USDA, 2011), ThEo]A] QIiF o]-§of LHE EqFebo] 24 & o] (AgSource,
2015) ot Ao g2 FAHEI dHHA o7 Eqfo] g2 A=0| fHeddo] uigzlet ZAos oJdeA At
(Colmer, 2003) 73-9-0f| w2} 24291 JaFRS 7|27 % 5= H] (Pagliai et al., 1983), & A|@of| A ¥ AALA o] B4
Q1 P 717 A2 E2AE Potl] EGE=0l X1 E0] ofFd el 7R % o] dofd (Bunt and Kulwiec, 1970)
SHSl7 T ARlelekE A 0 & AZFEIQITt (Pezeshki and DeLaune, 2012). ©]¢}F Rt = 8IS 1A 2 &
|A1-8-0] F- K 2] 2P E T} EH|FALE-0] F-H e] A E RS B[HIS 2\ AESh -H |/ AR E o ot 5

ja}
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(Pagliai and De Nobili, 1993). Ryu et al. (1971) ¢-2|ue} =4 o] v A4t vipEeF =9 749 4712 oFF
W FO) Ak Bkl SHela, Sfede it Zg, 14t ufiiv|0] o Tt Fo] Ak Bl -7 Egk
Tl SEET] 2 Aol F24] 0 = H|sRt Ao |3l

T A2 BIet TEA| 3 =8 =2 A 9] A HoHA] (Table 7; 575, p < 0.01; FHH, p <0.05) 3E°]
7V =2 B SRENA 7P =2 A& e (p < 0.05). 12U AE 0] A= SA7)7] Sk vl
2 ot (Tables 1 and 2; Kang et al., 2017)3 A2317 71721 B, japonicum 2] XA e = 50| A4 e} Ho] At
7S HAltk 11 92 ol 50l Tl Ae-& Aol3l7| wlwoletr | Het o S AR EQPE R A A2 7ok
& Ho|HA Fo] AT =2 A o] AE el 382 BT f71e, 25 59 534 93l #
tfzol2fal siA =] At o]efet AR B. japonicum®] B8 A2 (Table 5) SRIEISITE. 5, EH]

S T A0 F 1] AR EQRS 1 AZEQFHTY B japonicum W=7 1008] o4 =11 AA 7R

o] P2 o] A H W= E T (Table 4). Table 794= & fFaiito] 2

A of] A9l ke 7|17 A 0 2 B &9+, o]+ Miyake and Takahashi (1985)2] H 1Y 2HESY]

A 602 (F-H]-F-He] ARE) ~ 715 mg kg (EJHIFAE-0] F-H 2] ZRES) W= =7 o tHito]

T i, g, e, nidlE S5 WollolA doltE A o= AZE I e|al AR ES 7R =8 o

7 2 CNES A W AXEGA 7P E2 F gt s A4t 22 CNgol T A4 Rt

W] FAA Aol 3A o= AR89 oJrfskH (Kang et al., 1991; Kang et al., 1997), THbA] Fo] obd ot
E D22 ¥ AREGNA olet thE A dS B A 0 & TEQIrt (Park et al., 1992).

S A 2 E ol A Wet-go] Watrado] ANEY 0 2 AR ol A H T 2F7F 2. 789} 178 =30t AL E
FHE=F=EC| 7H BT B QAEGIA Y ¥ x4 S7P7FEE AT o] 22 Ahs 11-2019F0] Bt x
2|2 2ls)] EQFe] g=o] 5 E o] 2|"HA] (Hamza and Anderson, 2005) Table 72} Zo] 5=2] EA X o] At FAAQ
FFo] ZAFAEof| HISIA S (W, r=-0.16; &, r =-0.22) AE2A]0] 73t (Cosentino et al., 2006) WA AT
A FFo| (Bartlova et al., 2015) SHE (M, r=0.48; 7, r=0.62) G2} A, AHFE G0 7HH A5 ZIAL-52
1= EYE 71A19] 7718t 5o), AHFESGS] Hx & HapAfe = QI 7|4 F7)5F S35t
(Buresh et al., 2008; Kaiser et al., 2015) F&F w21 A 02 LT} o]= EH|A|-E0 2 o] B5j|A] H|mAdRo]
A H-H e/ AR E g F- W ] AR E oA 9 Biet Fo] o] B AZTESF Bl EH|FAG-0] F-H ] A
EGHTH=A Uith= (p < 0.05) oAM= 752 4 Uik AA 2 EHES] AErols AAESS] HEl
Hol| & AA4715.8 (H AHES) ~ 8.9ul (H-H - H-E ZHES), & Q124.1 (M QFEY) ~ 5.18] (H-Ke]-#-g
ZHES) EUTh o] T2 B AT ESL] 73t Yo ® T LTS EA o & anpt QIZI7HA] Al Y
o] AFH AAES N HEA FK271HE =2 4k Hol7] = 5FIT (Table 4). “L2] 1L Fo] HETH YA ShH H
oA C:NE2] 247 JFe tf Yol §HE 712 (Table 7) T A=) ¥ A=l v]5] 5718 F40] F7]3} of
Zdo] 2] F2Heh7} (Kaiser et al., 2015) 5-2] FLF?] B. japonicum©] AFETE ZdEjol| 4 5o Eagh 2]=

AantA M o g FARE ulAEoA wol wistH 7] wjFolzt 2= STt (Kang, 2007; Kim and Lee, 1992;
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USDA, 2011). ERHAAAES} tjH] B E oA o] F 40| et S-80] ¥ A2 S8 63%°] 23t A}
ARFEY T CNEo| 7P =0 B ARG 7P H2 T e Bl A Fdt g Atz s =3l

Olk et al. (2000)-2 Hi=of|A] H=7]7to] ZojRof m} humic acidis= 545 Bo| g-fotA o] B B2 ofito]
Eotolm|lr, slo]ERA T 55 ZA HUA 415} Ei= AR A AEl=d] 53] 0154 humic acid= ©150] &
Ot &]+= calcium humate BTt F-21S7F =11 C:N&©] Yo ™ opato] = st 7} =031 519117, Cheng et al. (2003)2}
Vanotti and Bundy (1995)-8 . Wol = wliiirt §71220] HAS] 2 Hickw sloks], 2 A1 o] Al Eako]
A= o] ThE e HAATH (Table 6). =, HE AP B2 Al AR C:NEo] Holgl=d]| HrsfiA 32 Al
S EGoME 712 dgol woAHA C:Ngo] W AR ot 31T (p <0.05). o7t @2 AREF Al BE
Fral= IPgof] o AE G} (Kaiser et al., 2015), PotS ©-8-3F Afazlgofixl o] ¥ g=a]of ot R efd
40 2713} (Buresh et al., 2008), 2] vliji=3a]of| w2 F71ef A 40| 4] (Alves et al., 2001; Pedersen and Lauer,
2004), Z13 3L o5 220 Eol8 5] Gl sl Lofhs Aoz siAw ]l

ope] A EFE] olotoly Yl nAE 4T AV Tl ¥ 24 AV & off, AA RGN W 355
C:NE, 20 70| gl oJaliA, 3= 3=52 Ao Gl SJsiA Batde] 2= Bdeldet. 71873 4
120l St B EYolAE Blet T BT B =2 - ofot- =2 8919 AJ9A8-0 7 o]F0J7] (Cosentino et
al., 2006; Regelink et al., 2015; Tisdall and Oades, 1982), Z12{HA] 74 9] FFS 713 Wi Attt oA Ho] JF
= 717 C:N&of| 2J51A (USDA, 2011) A4Hdo] A7 %)= o3l A24 o= Hllprt oFFaE et SARIA] &F
E O] =l 27 2] H AA RGO FAAVIAS Biet T B 12t
A2 EdelMes Nl ool 24 5= A3elske=tl i o] G e FAID & ISl 18R s =59
ol Bet Fo 2EA] iHd S A= vkl alEste] olES Ad o= YISk A (Pezeshki
and DeLaune, 2012; Ryu et al., 1971) EF0] S}l n o] F21¢] wefofl Mo & A o= A7 3lck
(Cameron et al., 2013; Dias et al., 2015; Im, 1978; Kang et al., 2016; Lee et al., 2008; Nishida, 2016; Regelink et al.,
2015; USDA, 2011).
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Conclusions

=7} O EaFotal g ftego] Puk=Rt 38l oA =2 Sl 285 m O] FAKEA] i=of| 4] 2 A7 AR A 2 g v
], Bl- Rl - He, B-H e, F-He)-F-He (o] K. E AR o] FB|ALY), EHIFALE F-HE-F-
He] A ESFe] 555 M EA ] §F At it A (A ED o F Heho & Uiro] Het F-o R4S Pot
Algsteint. 7L A2, AAA B M = WO Aaaadt Hig 5 AL ER1E A8 Rt - He] A EOIA 7 =
AL H Az A 7R EdTh (p < 0.05). B E F0] st T Al ¥ ARE Sl 7 =340 (p < 0.05)
UH2] B e A= -fro2lQl Zlel7t it BatE oA o] BietF-o] b de EHIE A-8-9t - H 2/ A

T-He| 20| Efo] B AAES B EHIFAIE0] F-Ha] A EGRET -Fo)4 0 & =9kt (p < 0.05). 18]aL
AAEGeN o B A2 EFS] F=E (p <0.01), C:NE (p <0.05), 218 Z (p < 0.01) 7 2] ke B
31, T2 FaEY ALY ATRE HolHA (p <0.05) TR/t B. japonicum®] J732Q1 o] eRlx|z] ettt BdE
Follrl= W] Aot AR A B & A4 9 {71E, Aehd 2] 53 1k 2 50021 A o] ke KT

(p<0.01) C:NET= Aol A Fo] ke BN (p <0.05), T2 3ol 77 W8 ot (0 < 0.05), &
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Az (p<0.01), §712 (p < 0.05), 12H Zaloh (p < 0.05) 2] AR HO1F CNETH= 2] A4S Lehg]
o} (p <0.05). TPBE Mot B IS FEH 0 2 AAEIE EFO] FIEY] GTL Bl W1, BREY

e CNES] Fd= Hol B Aol
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