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Effects of Soil Inoculation on the Nodule Formation, Growth and

Yield of Soybean (Glycine max L. Merrill)

Jang, Jae Hoon - Sohn, Sang Mok

The crop rotation is very important in the organic agriculture and the soybean crop
should be included in the rotation. Even though the inoculation of the root can be
performed by the soil inoculation in the soybean crop, the effect of the soil ino-
culation should be proved in the organic soil. For the research of the effects in the
formation of the nodule of soybeans, the growth and the quantity through the
inoculation into the soil, the field experiment was conducted in 2006 at Ipjang
Experimental Farm of Dankook University. The number of nodule in the testing
varieties of the inoculated soil plot was 1.4~2 times larger than those in the
non-inoculated soil plot. The number of nodule was decreased in the non-inocu-
lated soil plot after R2 stage, but it was increased in the inoculated before R4
stage and it was decreased after then. The periodical change of weight of the
nodule was shown as same as the number of nodule. The dry weight of inoculated
was increased than non-inoculated in Daewonkong, but it was decreased than
non-inoculated in Shinpaldalkong2 and SS2-2. The amount of chlorophyll of the
inoculated soil plot was more than the non-inoculated soil plot by 9% in
Daewonkong, but the inoculated soil plot was less than the non-inoculated soil plot
by 13%, 33% each in Shinpaldalkong2 and SS2-2. The number of pods, the
number of grains and the weight of grains in the yield characteristics of the
inoculated soil plot were more than in the non-inoculated soil plot in Daewonkong,
but the number of pods, grains and the weight of grains in the yield result in the
inoculated soil plot was less than in the non-inoculated soil plot in Shinpaldal-
kong2 and SS2-2. The mean yield(per 10a) of Daewonkong was increased 11% in
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the inoculated soil plot, but the mean yeil(per 10a) of Shinpaldalkong2 was de-
creased 4% and SS2-2 was also decreased 23%.

Key words : soybean, nodule, N-fixation, inoculation
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g 5(Glycine max L. Merrill)= AujA] 57} S48t AR 1/3~2/39] s|F3sh=
¢S sy oyt 1 2 FFFCEHN, UFE ANt B e dA S H

EHEE §4 - 33 &340} ok

A MAZHSZ FAXAZTE o= XY wH9 T840 F4= A= Al
A AAE 53], 7 AEe AESH dAndy sES o] &g AYIFY H A&EF Y
A Ako]) “41?} A7 PaAo] AxEEI ArkAlves et al, 2003; Bhatia et al., 2001;
Jesnsen et al., 2003).
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1 T daN)= AE AT 5 e Ade)7] Wi, sdA A=A A&

Ao ZEA ol A AA (N2l A &F el FFHo] HH(Bohool et al., 1992). A+ &
2] A&z 22314 (BNF : Biological N, Fixation) 22 <17} 1~2.99] E o] (Cleveland et
al, 1999), olF ¥4 AEES g3 1A HE Fe 4~48%TE | (Galloway et al.,
1995; Jenkinson, 2001)&}1L, BIthE A7 8HWHE 0]’301 AFAH daruHge= Q) vgR
A A= th(Jenkinson, 2001).

of

Kl

rlo

P
N

i

14
o

it

Reneau 5-(1990)2 th#e] A7 AlHl= B2lE A4S JA st AESHH drug
S AAAIIGAL oY, frlEdel e st Ql S oste] AitE e 8440 F
714 vz o] AR 4l FREE] AETA dAe) 7SEs 9 JISEEY A FEEE
Axs Aro) Foz AHLSEE sehug A AREE qUALEE A0 5
213 (Haas and Kopke, 1994; Haas et al., 1995), CHs, NH; 59 7I2EE 2 7] T2 3|4t

+ Z(Geier, 1997)7 FA7F NO39| FHIZ &€5 = S Folv 43 3= 4

5]

T UTH($=, 1995; Berg et al., 1997)3 sl TH
FitEs AFRER At $AEE SERE AEstd TSRS A8 A9 22
AL TFENS AL & gon 3thad] FHE AA}EEo Z2E haW 200kge] el R
A7h, 283 4vhae] dnk FHRME Ao 2 RE] 180~200kge] HHEIE AV FFET
a1 3} THKopke, 1986, 1996).

U T BN AT P 2RT A B2 4301 % AR 2799 AE
SR AFTINE FASTRG 2R FHE Fol W BRI, ASIRE AT
As7Iuhe 4971 AX 25T A

ol A @*?y_u} 737%o]l Zom ol#fgk Afole
TaYes 27 ASS FA i St 5, 1974).

Syt 1/EFS X3 157 FEEES IFol U 133y HFEa e A

vlste HE77L 2A F7Heoka (1979
S F 5(1982) 2 T SR zRE uAHE AiTge 8.0kg/10a°]|2}ar }H o1,

ok
o}
5(1983)2 EHIS Tl F3] W2 AAe] oA TR FELE AAFTFE 2

rr
f
l;lll
32
)

=
T o
AL0EFE To] T F%F0] 4~10% FHE At 3ok
A WEgA £3 Relste] $4FF2 Awkd Rhizobium japonicum FF] HEo]

J &
g7 A 9 S vAe JEF TS AR A7 FALAE-THll A Rhizobium japon-
icum o359 HE &) AT F ¢ S-Al, chlorophyll $H3F, g4 2 X35 AES
o] F7lsk= Aol Jom, dHAT S| A Rhizobium japonicumy F-7E(337kg/
10a)°l] ®sle] HETo| A& 363~374kg/10a=2 8~11% F-o] Z7}E ATt f+ 5(1988)
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B3ty
ERTFTY JAZARZ AHSE dFY EY HFaHe BAANA dFY AE T4
AEA AaFEF Sl oM FIFAAHRTG 53t AAT A AA M= HEA A2
of Hlstel R3] e ATEANE HATHD 5, 1990).

Wi

B ARE S M A A Sty e ddTA ST 3
stk AFEFS F7Is A8 ATERCE FE, FISHERE Ay Holtt

i AMER(ESE HAHA 1 FY98 a4 He FHA 7)Y 23N AHSATH

AR 8-S 2x3 8RAA PO R FHTh FAIFETS AT, AFEF25, SS2-28 AHE-3)
Fom HF= FHET(I: Inoculation)2} F-7E7(NI: Non-Inoculation)2 s}t &/ A
o FTES WFEFAS 47 1kg¥® AHFst 119 nE&E AT HFL 2006 62
1640l &3 60cm, F7+AE] 30cm=z 3to] 18- AXEA 38A Hupstgo. g5 $ 2-3
d tAe R Sﬂ B3R Dol F A2 Y Ed70 12T 8] FEI 159 Fr)a
ol Wl

AA Y stetH g ot Rl AE8HA] egton e Aujdele w8 =AY

|

o &3t
2. YNBSS B

AY A EYo EAL <k >3 e AbEAUdEoH, pHE 6.8, T-N 32 0.03%,
P.Os a2 29.4ppm2 A 9|<Q1 80~120ppmell Hlste] wEe]Ath. NOs-N &&o] 1.3
ppm, NH,-N -2 8.71ppm F=F0] A},

Table 1. Chemical characteristics of soil used in the upland experiment.

oH EC T-N NOs-N NH,"-N P20s

(1:5) (ms/cm) (%) ppm

6.8 0.1 0.03 13 8.71 29.4
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AALTHFS KieldahH (522353, 1983)0] 27t #4894t A=EAIE 0.5g9)
HzSOs 20mlat SvfA| 2 4k S92 59 7hste] 3sk & W2hste] NaOH smls 7+
g F FHRAAOH, TRt e §AL 0N HCIZ oA F=axe] 2 wjriA] A4
ste] o] & AltelAth EtEE &9 mhfigh Al 10go] SRS 50mIE 7heke] Al= ¢
SHTFY HES 158 THE § o] 3087 IESe] pH meter(F-$- W TZ-A] 2~E], Model
DP-135 pH/ION meten) & =43ttt 3+, ECE pHE =43817] 98t EH5+9 158 v
£ 89 o]83}d EC meter(ORION Model 115)Z2 A3t A AT ERAEE
AT F EF 20gel 50mle] 0.025N CaCl,o] -&&H-& 7tate] 3021t XA & o 2ol
5ml-2 RQ-flex(3t= merck)E |83t S43tAth = Yolej @2 = Indophenol-Blue B4
Holl AsI =4t Ath EF AXAE 20g9] 50mle] 1M KCIE Yol 1417 H<F Re
3 3 Amle] oAl 3mle] EFAAIF T (5ml 4%Na,-EDTA + 50ml Sodium Salicylate + 100
ml 0.05% Na-Nitroprusside solution)=} 5ml2] &3Fx|A] k1T (50ml 0.7%Na-Hypochlorite solution
+200ml Phosphate buffer solution)S 7}sled 2417t Aol Al ®x]gk F spectrophoto-
meter(Model VIS-7220, FH NS o]&3ta] 17 660nmoll Al Bl =A 31t} Chlorophyll
Meter(SPAD-501, MINOLTA, Japan)S ©]-83lo] 49, &9, 3l9le] A< 334 =45t 3
s FHAstaAo
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Fig. 1. Nodule numbers among 3 different soybean cultivars during the
growth stage in non-inoculated plots.
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Fig. 2. Nodule Numbers among 3 different soybean cultivars during the
growth stage in inoculated plots.
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EFY SRTHT A wE 457 T HdE ZHRFE A, A 7IR2), F
A 7I(RY), B57I(R8) o2 22|77} 51.870, 101.17H, 198.37H, 117.074 .o A 2]+
7} 23.071, 104.07, 93570, 82.870 = 7MSH g7 ALJstar x| FollA o4 AA Bkt
o= F8& FFFT TFIEY0NAN AT F IR HSAYFNN THI9vE2 F
o 79.8%] @3tAtk Bk 0w (X, 1979), Rhizobium w9 HFol o3 A =t
o 7t $7F dvke Ha(f 5, 1988)9F FAMSHIH

2 tiF ZFRSE2| AN st
B¢ SR HAEA wet F4E SFRTF AAA ¥ 275 Sk vzt
AR FAE T AS7IAA S8k olF A AT FHAVIMA
3] S7FstHE o) F Hadhe A HATH<IH 3>, <Id 43).

%%%—%H XA WEkE B A2 9 5 1A, HEH7IR2), #HEA7I
(R4), <71(R8) Aol Z+7} 0.64g, 2.529, 1.97g, 0.29g/plante] FHS YEPH oY X2 +E
1.11g, 2399, 5.40g, 0.44g/plant= A A&7l ZFFHo] S84, f+ 5(1988)°] Rhizo-
bium o] HF o) A I R 2 FA 5ol SUFEATE Hareh dAs9)
o 53] A= FFA7I SFRTF AN 2774A SUeks F9 AT ZF
o] AaugBgL hEt7] olF F43] Adsste] R3-RAGA ] FHile] Sith= Hi
(Buckman et al., 1969; Ham et al., 1976; Hardy et al., 1968)°l] w&} AAv A ZF7Y
A 7 2 TF St AR Bl e Ao Atgdrh
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Fig. 3. Nodule weight among 3 different soybean cultivars during the

growth stage in non-inoculated plots.
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Fig. 4. Nodule weight among 3 different soybean cultivars during the
growth stage in inoculated plots.
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Fig. 5. Dry weight of top and root in 3 different soybean cultivars as
affected by soil inoculation.
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BFS 247 70g, 16902 713 M ATh A2 Tol ol ABDF2E o) A} 2|
R AEFLS 747} 3399, 65902 7P EALIL SS2-28 AR} | EhR AEFo] 7t
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EdY 2R HFoR g Ak 5L Fokou ARDGF25 9} $82-2= IF
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o] AEe lojA T5717He HAHR =3ldd, 5 A G g o) 4
AEH ol FEY HAFgHoz I BAZE o] chlorophyll FERsh= wi¢- Fa3
A ES gotd 5 e A7 Bok( 5, 1988). T IRl o3 nAgE A4 ¥
HEOW Gao] FojxA HEg AAhYE FFEEY Aoyt s B 5 JtHH 5,
1988). wEbA ZHE9] waldy 2 mHAL0 FFHEE AN Y5t FEA7I(R4)

=
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Fig. 6. Chlorophyll contents in 3 different soybean cultivars at full pod stage
as affected by soil inoculation.
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Fig. 7. Pod number per plant in 3 different soybean cultivars as affected

by soil inoculation.
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FA T 2ok gtk 289 = g3l ATl 50,7702 FAET 417 Bt B
skou} Aldgg2sE FAEFlA 205702 AR 157] o W3kl ss2-2% 73
TolA 215702 AR 447071 B Btk 3HE e tdFol ATl 9.07 F
ATl A 86/l Re AL Fe A FolA 9.97) ATl 12870 E T
o] 3ol o Btomn §S2-2& A FAA 9.671 FAH T 1L3INE FA- 2T 39
Fol o BUTh 45T TAFT BT AEE 2ol AU

EG 2R FEo 0E d59 zole ddTS 19F, 28, 39y =5 AT
A Bl SR AE sl AT ATt SIS 5, 1988)= HaLeh ]Sk
o AEgF 2359} SS2-2% Aol sttt

EGY 2R JF wE dF AA" d5e <" 8>3
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Fig. 8. Average grain numbers in 3 different soybean cultivars as affected
by soil inoculation.
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Fig. 9. Average grain weight in 3 different soybean cultivars as affected

by soil inoculation.
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Fig. 10. One hundred seeds weight in 3 different soybean cultivars as affected

by soil inoculation.
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92533 Ss22v B 2R HToE dTol £33 sl

A2 25t(2004)0] wEE HLdFe HHFFTLRE ABLI5E FH
St} §52-2°] MHUFTE A 5(2000) 8] 2HTF FF AHSA B A
ge & Husiled o= sdHerIE AT2AREA7]E(2003)0 ©fshd %%%%—011 %H%
gt A HFEEe AAT HEe] Aol WFEwEel | Al 71”lste] Zpel7h ve
¢ Aoz AlgHrh

B SR Aol WE T MHEe <" 10>% Zrk

Hes YT AT 2519 FAT 24500106 AFLF2E WYFTL AT
16.1g 71 2] 16.59, SS2-2 MHFE el T 1519 FA 2] 1540|100k AT A2+
Yol FAETRY B FANY AEP2sF I ss2-2% AT ¥yTo] ¥ AT

FA UFEEY NPT U9 2489 AFL235F 16.3g SS2-2 15.3g0.2 vl AdF 9|
Fol 7P FASIT FEEH AEANA(004) A7 B wEE hdFe wHFe
25.69, 21 BL25 T2 1950013 $52-2°] MHPZF 7 F(2006)0] 16890 % K3 =H
w A9 Adehs BAY, EPUISE, FE B, VIR 5 AN B2 84239 Aol
sl goldk Adrt vehd Aoz Als

B SR A WE tiFe 10T FFE <™ 11> 2k
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Fig. 11. Soybean vyield of 3 different cultivars as affected by sail inoculation.
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AHEAT FF FFS v A7 AREY
HHLFL 100 o] A= 228kg, FAH 2= 201kgel R BT A7)

106kg, -] 277} 102kge] .o §S2-2= 2] 77} 80kg, - 2] 77} 105kge] At tAF
& AYTF FEFo] 13% 713 vhA NBDF2E = M2 FEo] 4% HAasAa, $S2-2%
AT o] 23% Trastath

2= 7etel(2004) HiF FEE SAAT ARl WEY gdTe ANHAGEA
1023 293kgS, Al BL25F-L 279kge] FHS UEhd o SS2-2& 2UE{E Y]
of W& Aeld 547" 5, 2006)°1A 10aT 238kge] S Halst=H|
102 e Felatd e, ole EFHISE, A 3 #e), A%, 7124
Folgtl A 7108 Ao AtRE.
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4 F, SS2-2= AP To] AWK FFe] FAYTEY AT $82-2
20 2F3E8 AT FEOE Y253 S REOF dto] &4 B Add FFO0F,
©](1997) Fo] Hirgk §82-2¢] ZFPY H BS54 dP 0)(1992) 5 = =7AA
T s A B 7S #F APAAM 2o 2RIAY AT Foe R 5I Y
S fel B =S 2Est] AT A5o] AdHASS Bussiet, & A3
M 882-20] /B NG R T GFLTE, A F Afo] Fol FA AAE B
o} ol did3 e 28 AZE25FH SS2-2= 55713 T noduled] HE3E ZHAjo] 2
=AW GFEel FEAL FEFE /1A VS0 T A5 R FEFS A Aol

AN (3, 1989)8}5100, o] 2 skl EFHS Wy o
£ o] 83 A Aol IHAME AdF(H 5, 1990)F At
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deu AL FetE Aol Ul ol 7ed & AA FoA ARSsiae
Aol #F71Edel F7dh= deEl(sE, 2007)017] wZell #7715 dolA thF A dd= of
—‘:rZHHH EZAA GA AL F Je BEFY SRT(FE) AHELE AdAds AN
S 2H fF71ENAM Y FFE wolal EYHISE

Table 2. Relationship between nodule numbers, nodule weight, soil inoculation and

soybean cultivars

Pre-bloom Full bloom Full pod Full seed
Variety | Treatment :
No." |Weight(g))] No. [Weight(g)] No. [Weight(g)] No. |Weight(g)
NI* 225 0.72 535 221 47.8 1.04 68.1 0.22
Daewon
| 34.0 0.91 75.2 1.86 181.7 4.76 73.1 0.37
mean 44.8a 0.82ab | 64.3b | 2.03b | 114.7b | 2.90b 70.6b | 0.29a
NI 18.0 0.32 88.2 2.26 85.0 1.45 97.0 0.19
Shinpaldal2
| 60.3 0.99 56.2 1.27 144.2 2.23 91.3 0.65
mean 39.1a 0.65b 721b | 1.77b | 1147b | 1.84b 94.1b | 0.42a
NI 285 0.87 170.3 3.09 147.8 342 83.3 0.47
SS2-2
| 61.2 1.45 169.2 4.03 269.3 9.22 186.5 0.29
mean 44.8a 116a | 169.7a | 3.56a | 208.5a | 6.32a | 1349a | 0.38a
NI 23.0b 0.64b | 104.0a | 2.52a 935b | 1.97b 82.8b | 0.29b
| 51.8a 111a | 100.1a | 2.39a | 198.3a | 5.40a | 117.0a | 0.44a
var. ns ns ** ** ** ** ** **
tret ** * ns ns ** ** * *
var.*tret. ns ns ns ns ns *x *x ns

"No.: Nodule Number(ea), Weight: Nodule Weight(g)
NI : Non-Inoculation, | : Inoculation

Table 3. Relationship between fresh weight, dry weight of top and root in 3 different

soybean cultivars.

Variety Treatment TopDW(g)T RootDW(g)
NI* 30.4 35
Daewon
| 30.2 45
mean 30.3a 4.0a
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Variety Treatment TopDW(g)T RootDW(g)
NI 33.9 6.5
Shinpaldal2
| 221 2.9
mean 28.0a 4.7a
NI 15.6 31
SS2-2
| 7.0 1.6
mean 11.3b 2.3b
NI 26.6a 4.4a
| 19.8b 3.0b
var. ** **
treat. * **
var. * treat ns **

+TopDW : Top DryWeight, RootDW : Root Dry Weight
*NI : Non-Inoculation, 1 : Inoculation

Table 4. Grain numbers and weight of 3 different cultivars as affected by soil inoculation.

Variety Treatment grain no.! grain weight
NIF 122.3 37.9
Daewon
| 146.8 41.9
mean 134.5a 39.9a
NI 88.0 19.5
Shinpaldal2
| 77.6 18.7
mean 82.8b 19.1b
NI 82.8 19.5
SS2-2
| 68.9 14.8
mean 75.8b 17.1b
NI 97.7a 25.6a
| 97.7a 25.2a
var. *x *x
treat. ns ns
var.* treat. * ns

+grain no. : grain number, grain weight : grain weight(g/plant)
#NI : Non-Inoculation, 1 : Inoculation
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