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N,- Fixation Ability of Three Main Soybean Cultivars in Symbiosis with
Bradyrhizobium Japonicum Using N-15 Isotope Dilution Method in Iran

N. Piervali-Bieranvand”, N. Saleh- Rastin’, M.A. Mousavi-Shalmani’

1. Nuclear Center for Agriculture and Medicine, AEOI, P.O. Box: 31485-498, Karaj - Iran
2. Department of Soil Science, College of Agriculture, Tehran University, P.O. Box: 31587-11167, Karaj - Iran

Abstract: The present pot study was carried out for comparison of N, fixation ability for three main
soybean cultivars in Iran i.,e. Sahar, Williams and Clark 63. The experiment was conducted under the
proper growth chamber condition, with a randomized complete block design on a soil with no indigenous
rhizobia and low nitrogen content. Each treatment was replicated four times. Each pot contained 3.5-kg
air dried homogenized soil, and at the time of planting each seedling was inoculated with 1 ml of
inoculum containing approximately 9 x 10° cells per ml. For quantifying the fixed nitrogen, using A-
value (N-15) method, two solutions of N-15 enriched ammonium sulfate containing 9.616 and 2.086%
N-15 atom excess were applied in amount of 6.67 and 33.33 mg/kg N at the stage V2 for the fixing, and
for the stages V2, R2 and RS as reference pots. During 4 months of growth, the plants were irrigated with
distilled water to maintain the soil moisture approximately 0.8 of the field capacity. The plants were
harvested at the plant developmental stage reproductive 6 (R6) and a number of growth parameters were
measured. According to the results, Sahar cultivar which is more lateness, showed a higher results in the
most measured characteristics, including nitrogen derived from air, shoot dry matter, nodule dry matter
and the whole dry matter of plant, significantly. All the three cultivars could supply more than 90 % of
nitrogen demand through symbiosis. The cultivars were different significantly in amount of nitrogen
derived from air, despite of the percent of nitrogen derived from air.

Keywords: N-15 Stable Isotope, Isotope Dilution, Soybean Cultivars, Biological Nitrogen Fixation,

Bradyrhizobium Japonicum

*email: npiervali@yahoo.com WAF/A/YE tallie 5 pds guasle APAPY/A tallie S s o6



e ol 035 e (S ST g0 055 525 a5 O 5 anllae

b o g olS 5L 3500 03555 0B 5 0355 o
oki 318 olE 5L 35 50 Ao y3 40 5,1 3 0 S AST PO
oslizal Sl (5338 53 sy pe leiIE A 5V B
o9 4 il Syl o 4y s 38 plie alie I AYL
Jsol b Calhs e o 4 T ol o5 dibin bse
e @D 00, YU Ll @Y Ol (6555lS
0T $leal&s pd) 5 Cslis o b I 558 (o o
e N S WP W RS NSOU NP B L S PV Y P
Olpl 53 T CiS & L 03t o Ol sl
530 el g KL e 53 ol i s 511
@SR 035 Gy ey 4 p S al p i 3 6 S

Wl 43 8 il V0-035 25 G35

-y
Ll oSl BT (e (G ) plmil sk 4
SHre 059 50) oS O S 5 Cawen s S
Gor 6 () s S 0 S ST 2 55 0 8 (e 10 5 S
.u;;\;,ﬁéﬂ&,‘f&UUL;J,TC.?L;P@'L,w
bglone S0 4 S5 oyl 4 g 310 S S VIO Slie e
G LIS S ay b GG s 05s
@35 Glvares 558 LS glad 5 (S5
B Gk b B s T 288 e Y
5 3oy e 261 Sl LSS P s V(RCBD) stas
S35 2 38l Sl oy A3V iy plnil 4 PY SSTNIS
eSS a s goles ol 4 ok &,»..»UKTJ@M
53) iy Gbl el Lald 4 (S g lglllS
ax)s A als Plus 5 YA 4ljy, ST lales
Wiy dsb 5 WSS Ly e ol Lol § sl
g@fefucbﬂj\éfud.;uv G sV I

M)Lﬁé‘ﬁonéLA).b@_ﬂ:Qwu

dodo —
03575 S Jomiley o Az ga 0L a8 8 plowil lalllan
g dhoz 1 (e 8 b oslgls LS L5 IS4
Sy pte 3 bl (ST (Gla S dile Jamms Jolge 5 osMle
5SSk s Jole o AT o sl e 4 o5
ol G5 S 4 gr Jole 53 ol ailiz o)l 15 olS
3l L (s ad s gy O 5 el SlLss
3B 050 0598 S sl ook Ol ‘(\)(‘)gt;}i.‘j P 52950
Salize a5l [0 B V] cals dals OT el 5 oS
Slio (S 4 e 5 0lS Calibe (o 535) (la0 g3
330 a5le 055 0 (65 ) (b S Cu b oS e
eV sa sl il bt Sl 5 ey slae S 05
by QWM OIn 5 ) (s plaly o J sane 3 555 alax
5 AW Gl runﬁ) Ly Oave by 5 eSaly)
pobee skiia das I LS G (1AVA OLSKea 5 6y15) by
oy b g 8,1 Ole oS OLy LMl ol 3 gy bl ol
5 Osmlale e 5 ((VAAY) 0L 5 5y sled,l £
Ol o 40 —0J5 55 essp) Sha 4 (VAA) O, Kes
oS s slayid Ko usle bge olE [F] sl 0l 03l
33505355 Sl 5 S g 5L 3,50 0550 ¢ S50 055 55
wj\@\ﬁejw.ﬁ@wt&ﬁﬂjéu@
@3 s & plaml Jpame A5 (1 45 Sl LS
Vor apde 53 e 5 6l Soosk 2ol 055
5 Ol wlie L ls L LK s 055 f.)f)l"{
Sases3 V) 08 es 5 Ko e C(VIAY) oy,
Wi 2V LT Gl oLE l )3 et s S
Cote gy 653725555 40 oS ol (gla i Al 1L g oS
Oisrs plad 4 3)ls 1y QUlg ol K3 Sole 4 das
S se 03525 IS S ol Sl 1y 35 LS 35 m

35 s ot ol Ul Olllan S 53 [V] AT el 1sa

i3T5 eslizal 3,50 S8 Jland = 58 WS 55 F ) S0

I T N e ey

[EI Py . olac pH | o3k oy O3l e yd
( dl:: b y.\.z Lt ST o Pogl3
. o : - -
P &b P 90 P e (S p o 53 3las)
L =3 v/Av Y Jov ¥/ \kYats WO/Y




VWAB 0FF ol ((glaiud 055 5 p sl alone

Slads ) GLrods s Oy 5 oldad ¢ ol g Pl 035 25 S 5
@bl il 5 4525 3550 MSTATC el L 5 s s
laals w5037 31 oslizad b b ke awlie .55 13
SRS s s ke gy g (S
L) S 5,57 1 (o P p) Gl el Ole bL )
6T Obe o3l Ssen clad o pgr slo bl Koo 5 055 25

S 5 o 9 Sy Y
S Sl amsliey ilsls 4205 Sledgdr 3 4 (5 sk
(F 5 Y Gldads) Sl odd esls Ol SSls gy 4 o
334 Sl o35 3 Ses (55 51 s leiT s
S Game sla s ls 2S5 syl #Y STST 5 sell V';J
Pl &S 05 Wl )3 1sa Sl Jeols 0555 ldie dhex
ol ol S 035 S5 glado s slaeds ¢SKist 0y ¢ ol
b ol Sas s o5 (S50 el 0dd 3 ine (65
Ll (s 03,5 53 4 o) 0T 0390 ) 23 42 b0 (535
Sl 5 o g slgadleb el 6 (6 e Olej am 5o oS
posde ol ails 03Y S S g0 0555 So 5 (S o)
S 5o Foshhs (S5 S ns 0os bls Jlal oyl
e s e edlitel 5 Cewjer S L e 6,650
s 8lee 055 Vb a3 Sl SKan 35 aome Ll a
55 35 o O 5, 13 e 0T (ssy sla el
e oS Sl ol gme LT Llod 4y i 8 Ko

S S e mih b e & Ol
b psSSals psmans 3l St (Goldeoat) =s'als
oS (o) 2 sl (8] 288 Dope oS A il
)g,lﬁv,;(dﬁppau@mg;) (5 Olea Sl guals
sl BLalE JolS 1l 3l e atin &G s 4 S L
P35 s el s sae P oo ol e s LT
b oo SO psisel Slpw 555 dohome b (555!
/1% (% atom N5 excess) 3lal V0 0y i SRS
S50 03975 oS s OIS (6l 55 4 YI0AS
SRV ol s o 53) e s TV il e 50
Sl SIS 1 530 S e YR 58V u5lie s Ry
OLLE Wiy o, WY Sl s VY 5 V0] S8 Oy
Cashy b sl ki ST L LT Sl esl 05V slendl e
5 OBT L ajske ¢y usby doys Ar spde s LglalS
S o &S LS o3 par 5 Jlol 50 slgils
35 3 e Sopgo 4 OBLE il Sl (35 b Sy pe
s W 5] So 0 Oype TRy oS asails D e
3 IS (lealSans S8 @ 55l 5 Jseme 03555
55 o pdy ¢l JASCO N-150 e o 280l 2
192 5 ol Sl 039 26 Hlie 5 deoys amloes 5o sDle OLL
ek O 055 Ay (%Ndfa 5 ONdfa)els s
S eds Gl 0358 a5 C(%NADlS s 58
A-Value 555l iy & (%Ndfs) oS 5 oSs
doys olS IS 5wty alm el eSCis slgiss 1) 5]

il s o S oIl sla el )l Lty 4 2 =Y J g

MS-VALUE
) ) oz JF sl . . ) e
Aoy O | iSOl | iSO ot | slost esde s S 039 | O3gs werd | Ulgss wess | Jels O3g | Oigmsaess | 428 &
Sioy | ol eis 4y oué “sl F T”” Slsp pll | &3 ol | 39551 ol [ ol 3 1sn 51| fea 3 fole | (GOT | Ol yui
Sk g
Smest| e | e | e | S0 ff’;) g | el s | s | s
Pl Pl
i/ s ol s ol / / Sfols” s
() (v (v (v (ol (ol (v ) () (v ()

VAL A S I A VAR INRVA T\ Sl VR o il (22 29 ¥ 2 INRVIRS il R Ve JAAY™ o/eq™ YA \ioss™ v < gl
WAn7-Sal B2V 7N INV7ATUS IRVALERAN 12 79N il INEVAS VN IR 15 7K ALk B 7OV WAL R e 70 17N B VAL A b g o3
R L 70T i IV 24 O AN 217021 /+X %% 3% YO VEV Y \ZAnn! 5 s
155 4/ f /g8 VA/FY 7% VE/FA Ve/ed T/ \{Zids 1170 \ALs O g gy

Dls g & 1S 70 dﬂ.w)} Dls g * Al Cla..,:): I3 sne H*




S latals o O 3a3T 31 eslitul b sk gy 3 o el 1 b g )l 31 ke aeslie =Y Jgur

e Gl 035 i (J5SU g0 055 75 o Oy el

. Slaxy 5 ol W3} 039
el . e 039 . N s o - Ao . o33
o 039 i 039 s oud G395 s 039 0395k . 3 Sl L
O e esis sy b Pt | Stenptt |3 ol 097 5158 097
Pl _ - oud i g 3 Jol> 3 Jol> b g o
25 525 _ G E™3) Sled »eS) P& ol
Sled _ _ »2e5) _ _ ol 53 35 _ ol 55 19
(olus (Olus _ 3 3ldss) 2eS) (ol o5 3 pf)
o (Qiy _ B () _ o)
(GRS (Ol ) (OluE
v/eeob | oY/FFAA | o/Ava | V/evva | feoveal V/-dda| FONYdA | o/NaFa \/#24a | fviaa | avvrva e
Y/AvAa | Yo/x¥vb | veasb \/YFb fva «Ava | Yo¥afb | s/5YAa Y/ova | Yvvsab | ayreva g s
vavra | ¥/A04b | ¥xveb [ vevb | varsa | casva | vv/forb | o/vora V/A¥va | v.8sb | 4Y/YVYa wlbsg

Wl T 5l e et 3 g5 ke sias Ol b S0l blie 55 alie (g >

B
ks
fossssy
o]
ks

5
5
5
5

R
s
s
s
s
s
s
s
s
s
s
s
s
s
s
s
s
s
s
s
s
s
s
s
s
s
fess]
)
s
s
s
s
s
s
s
s
s
s
s
s

S35
S5
RIS
RIS
358
S

v | B Ndf a(gr/pot)

e nsess
SRS
SIS
SIS
SIS
LESEIELESE

E%Ndf a

S
S
S

S5

oete

5
5
35
bl

2

5
5

RS
SRS
B
S
S
SSSSES

[
[
[
[
[
[
[
[
[
[
[
[
[

55
s

S

S5
s
S5
SEsel

=z
SR
5
5
5
2

B
[t

—
o
A

—

Clark Williams

a3 J S50 Sl I ol S e 5t s dwlie =Y IS
N0 S sl $SKaS 4 55885 L s ol 35

Sahar Cul tival Clark Cul ti

93%

91%

Wllianms Cul tive

£ %Ndf a
m %Ndf
£ %Ndf s

92%

L_}..né..é“,jJM)J‘,dN' b CLAJ‘JJBQ)")J::JM)J ',,..m__'—f K&
NO-0J5 58 o5 a5 T3, ras 4 siS

Cle g Yol sylpe iy 55 edd wy, slaesls
23 Ll 5 Sl eslinal S 3 sebby o3, 13 seS 5s
ctl 33 el ods 2hy PV SIS 05 (sla et Ll el
2 oA 8 B 6 e GBS I sl 3 e
oY 5 O WV B VF] ol old o5 Lal (ddy slajasLs
kb5 05,5 0 53 g 035 YY) 055,25 S gy 53 (VAAY)
U bgw 059, i Lldie 457 Wlos S (6,8 ames Caliee
Forons pbl 536 ysb 4l e 0T sy 058
Sy Vs O (})J Jds 4 (YL s, o5 5 L )
2 oo Sl ol iy 059 25 Hlae S 05,4 sl
L ol ki, 035 L Pl Ol SN i o0l
Sz o3 DAL Lles 57 GL5o1 s gme b 5 &S
b osbaan,ls 8 Llos S 2518 0L 5 puils calia
o Seren Gk S G 00 he 5 See
Goskr olsT ol 03 Kos aor s b6 &S5 VY] ol oo
Las o OLES ¥ S0k (slaanglin Joor 5 Y 5 ) llKa oS
oS w5525 5L el g 53 (el YL Db Oy
o8 lleds lT (5, ae p &S (g sk (ol
Wl 355 a5 clos S b o bl 511 25 435 0
So3m 05875 03587 (a3 53 (e sen ol 3L el KL
) e a n aallle 5 a5 ps) roen 5 s oS 5L
syl (S Asl b olE L B 55 () ogn oy
105380 b g 05525 51 el 03 1y (e om0l QU5
6l elyb Ols o3l Kawes ¥ Jgdr [0] Wlosls 3,18 55
Ssimn Sed iYL &S Sl OT 51 Sl odd g

Ol i S gm 0o Cull ) p Glama Lol




WA OFF o 5lad cglazn 055 5 p ke alone <D
coislasT s el sy Gla et s 5 Ol s S ol s =Y J9u
198 31 fol> O3y | oud «Xis (39 | Sladyy b ovd dluad | eIl OJg s U5 slade | plusl «is (39 | ol 59 5 o yd o
= = = = = = = o
(OIS s r,?) ols 5o (OIS 50 5) (OIS 5 slaw) (O 556 5) (Sled (O 530 8) (Slea [ () ol 53 19 1
\ Jol> 039 5 ey
(1) obs™ 33 1ga 3t
(W i (339
| *ol¥e f L
(OI8 550 ) (Jlgd
11 059 yud 5~ sl
LYY L APY f ~ ,.»/Jr
(OIE 550 5) (Jlgn
Sl y Sous aluay
| o fvy "efe5q ~
(OIS s sluws)
. o EXis )
\ " /PO *EYFA *+/040 _ _ ?
(I)HK)JC;)
S (o8 3l > 059y
) Ve g *¥./444 vy ? ygi“'p/ 097
OIS s (;) GL;

S gee e NIS

S LT s 5 i p3 500 (s 2 5 Slalllas 650!

AL s 4

S8 g KU
o S5 5 piis il oS adls o3 555 abw sy
3388 bl 4 OT 5 ¢S Slidss 4w s s JAEA
AL 035 alp 5 S i osnl 4

pled el o ) S o
HEYCIT ]

V- Bradyrhizobium Japonicum

- Randomized Complete Block Design

v- Vegetative

f- Reproductive

o- Nitrogen Drived from Air

- Percent of Nitrogen Drived from Fertiliser

v- Percent of Nitrogen Drived from Soil

70 ée.a;: Dls gme * Al C“’U’ Dls g **

Ois sloals b s o (Ndfa)elS s s 5l Juol>
odd o 09 55 JS 5 0de St 05 ¢ glpn el St
b oS ol Sl 3 ol 5 Sl ods ol olsn (slapll )
ot s gme S de  Kiwwas ol 5 baodke sliw e ls
035 sl 4 o)Ll oMo Tl (S pgd 50 cpl
Slallas Yoot 5 asfllas 1 (6l oS 55 Lok sliw st ls
Sl S p3Y Gla e ls Cbsl 5 28 o calia
s )l p g s | botd S D3s s e Oy
S Gk (l 0ds Jool> u:,iuﬂa\jls;,_;w&
b g pl8 ] el 0 0313 0L ) IS 55 wmmen ¥ g 53
A o) e 5 Jeol 0555 dens bl Blad Gl e s
Sl 53 oS ilesll OLaS (13 gme gl (_tuw job 399
54 ol by Lladls (gl ine gl 1gn 3l ol 035 5
r)'Y VO U5 55! S @ alie Sldlbs s L) s
Sie sl byl s Sy 4 g Al pl 4 ST
5 Ui Dbee Olge a0l 3 a5l etd Ol 0355
oMl iy gL 5 5 (55l b 5 Sn) oy jar s
osle ot Kiwwes ol ¥ Jsds 53 &S gk a5 S
&;L\ b el odd 0als OLES aslas sl & Ole
Aoy G b 53 il sl Obe o esle  Soees
Ol b osle Ktwen S ol ol I3 sme 5 oo
5 Sl oS ol alie SlS b el s LT 51 e
2T el 5 i sl o) b ol (Sas psds0 0!



e ol 035 e (S ST g0 055 525 a5 O 5 anllae

F. Afandi,

References:
LS g 5ol (3, ol Sl 31 oy " 5l S 20

4l 0Ll “ecalite QLS 5 Lgw 0SSl OlF )
Ol ol ((65,5LaS” 0aSails ¢ mlitSl iyl ulis,lS”
(VYA \OF damis

FAO, “Legume inoculation and their use,”

10. D.P. Beck, L.A. Materon,
“Practical Rhizobium- Legume Technology,”

Manual No 19 ICARDA, 340p (1993).

11. G. Hardarson, “Use of nuclear techniques in
studies of soil- plant relation- ships,” Training
course series No. 2 publishing IAEA, Vienna,

Austria, 223p (1990).
12. S.K.A. Danso, C. Hera, C. Douka, “Nitrogen

fixation in soybean as in fluenced by cultivar
and Rhizobium strain,” Plant & Soil, 99, 163-

2.
Rome, 110p (1984).
3. G. Hardarson, F.A. Blis, M.R. Cigales-Rivero,
R.A. Henson, J.A. Kipe-Nolt, L. Longeri, A.
Manrique, J.J. Pena-Cabriales, P.A.A. Pereira,

74 (1987).

13. W.R. Fehr, C.E. Caviness, D.T. Burmood, J.S.

Pennington, “State of  development

descreptions for soybeans,” Crop Sci, 11, 929-

C.A. Sanabria, S.M. Tsai, “Genotypic variation
in biological nitrogen fixation by common

bean,” Plant & Soil, 152(1), 59-70 (1993).
M. Golbs, S.K.A. Danso,

. G. Hardarson,

4
“Nitrogen fixation in soybean as affected by
nodulation pattern,” Soil Biol. Biochem, 21,

783-7 (1989).

. M.B. Peoples, D.F. Herridge, J.K. Ladha,
“Biological nitrogen fixation: An efficient
source of nitrogen for sustainable agricultural

production,” Plant & Soil, 174, 3-28 (1995).

6. S.P. Wani, O.P. Ruple, K.K. Lee, “Sustainable
agriculture in the semi- arid tropics through
biological nitrogen fixation in grain legumes,”

Plant & Soil, 174, 29-49 (1995).

and Soil, 141, 119- 35 (1992).

9
technology, laboratory manual,”
Verlag New York, Inc. 450 P (1994).

. H.H. Keyser and F.Li, “Potential for increasing
biological nitrogen fixation in soybean,” Plant

for Rhizobia, Methods in legume rhizobium
Springer-

31 (1971).
14. N. Burias and C. Plachon, “Increasing soybean

productivity through selection for nitrogen
fixation,” Agron. J, 82, 1031- 34 (1990).

15. K.E. Giller, P.T.C. Nambiar, B. Strinivasa
Rao, P.J. Dart, JJM. Day, “A comparison of
nitrogen fixation in genotypes of groundnut
using "°N- isotope dilution,” Biol. Fertil.

Soils, 5, 23-25 (1987).

R.M. Varden Heuvel, B.L.

16. R.D. Guffy,
Valsilas, R.L. Nelson, M.A. Frobish, J].D.
Hesketh, “Evaluation of the N2- fixation
capacity of four soybean genotypes by several

methods,” Plant & Soil, 21(3), 339-42 (1989).

17. R. Senaratne, C. Amornpimol, G. Hardarson,
“Effect of combined nitrogen on nitrogen
fixation of soybean as affected by cultivar and
rhizobial strain,” Plant & Soil, 103, 45-50

. D.F. Herridge and S.K.A Danso, “Enhancing
crop logume N2 fixation through selection and
(1987).
18. T.G. Patterson and T.A. Larue, “Nitrogen

8
breeding,” Plant & Soil, 174, 51-82 (1995).
. P. Somaseagran and H.J. Hoben, “Handbook

fixation by soybeans: seasonal and cultivar
effects and comparison estimates,” Crop Sci,

23, 488-92 (1985).



