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4.4 I\I Mualik et 4l,
il v
n.gjent solution and sotl wider controlled con- when nitrogen was completely g 0 Liljgey - o i BN
S Uons (Malik and Zafar, J9s Y Malik eral., 1U87), lubelled soil was used for ar ey iy “'i““'ltd--' L & _L.Iuh:‘J.‘y
This paper further reports the use of the "N tent (Malik er 4., 1987) where Kitllar L’ruL. p'"." il AS N
atope dilution technique o) Juantlication of N, Erown and harvested afier 10w, ks, Siegd ba i e uted
’ firation associated with the 10015 of Kaullar 2riss After harvesting Kallur 31U 1001y 4py ["" ‘ : "1 first ¢
grown in pots and in the fi:ld. The survival of the soil was again bulked ind Livroughly n‘.:""-'}-“ '.vdﬂd" fon
-;"nocfg];ucd N, fixing bucteria 1 the rhizosphere has Fortions of 3258 of soil were idded o o T ‘f—‘m«j befon :
alof'been studied using the [Huorescent anubody plistic beakers: Triplicate pots we e Kept fop ok ‘:.‘L.‘_.qucnl]‘
(a) l'cchniquc. 4 tcatment which included | Inoculaieq \mhl ‘ __'4 v \“\tﬁl. Nin
(] : I50:2; 2) inoculuted with 4 mined moumu:fkj{ it Ti,s were |
5 : uninoculated; 4) uninoculaied NG ot P!itmai % ¥ ¥ ied ireat
Muterials and methods Kallar grass cunings (1.5 CI) Faving ong po. -k ) .‘:’:umn al
‘1‘ . were washed and surfuce sterilized by dipping the, «J ‘5 Subseqt
Bacterial inocuum in 50% NaOCI solution for 30 m,., and then o 9 Sy plant
I i . Were sown in acid washed autela veg mMoist g, 00 1 pufe SOWD
FQur dinzotrophs namely Alcbsiclle sp. (NIAB. Alier rooting, the Cullings were wished with m;f_ S masswer
I.), B‘cy'er."nckia sp. (Iso-2), A, and St-16 isolited distilled water and then for the | 10culyled Lxc:" ! W— 1985. L
!p‘uq Kallar grass foots, were used for quantifica- ment these were dipped in the SPPropriate iy ( ’ ;:,j-N and
llaf] and survival studjes following inoculatjon mnto culum mixture for | min. Three 21 1Hngs were Pl..: i yaibed abo-
l_hu Kallar grass rhizosphere. The bacterial cultures ted in ealh beaker, Alter 3d of srowt)y I ml m{,- : "; iy
fos LJ“' hwo CXPLOIMENIs were grown avernight in culum was applied 1o the scil wreund each e, , 1
nutrient broth medium. For Il‘]'\cld imn‘uiun? treat- in the inoculated treatment. The beakers were e : i ?! Sarvival an
ment, four separately prown MTalns were mixed in in a controlled emperilure growih roo with l{:.'; :: '
cqu:x! vo]ux_nes. ‘ . ‘ dayand 8 h night, The lemperature wyy muininin:ﬁ i o sHpps
or survival sl‘udlcs 2.5ml of inoculum was iup- at 30 + 2°C. Light intensity during the dayting' - ;,:‘..p.pcrimum
plicdi1o roots of Kallar Lrass contained in small wias 20000 Lux. cel A sd colonis
beukers (250 gm sail beaker '), The inoculum of The plants were harvested atiop g Weeks gfe 0 grass thizo
the single cultyre 150-2 way alwo provided in e growth, The dry weiht of ehovs T oo wae , veie the sa
MILIC Nanner, recarded, Towl N was deternancd by the sang sl wats 1
All the four siruins used 1or inoculution reacted micro-Kjelduhl method  (Bren,... 111:15). Dig- ' sl were W
, \\.:iltlx illhc fluorescent anubody prepared againsg tillates were collected and copo strated for ®RO 1w moisw
l Kleosiella SP. (NTAB-1). Beijerinchia Sp. (150-2) und analysis. Samples wre analysed by the Rittenbuy f tllings we
i NI.-‘\B-I exhibit sirong Fa feactions giving + 4 method (Fiedler and Prokszh, 1975) on u uww J three pliss
‘J l]mu‘gscengm whereas All, and Si-16 Hive cross spectrometer fitted with o doubl: i1,ler system (Va=* %y Zue, Six ¢
reactuan off + 2 fluorescence niensily. Crian Mat GD-ISU). Sodium by pobiromite wis used . . Lo-2 und
: - for releasing "N y Three qre:
P e D opknied; 2
Por experimen [ planted
; Ficld experineny ! el laine:
The soil used in (his Study was obtained from : I
Kallur grass fields at he Biosuline Reseurch Swtion The field experinient was varned out at BSRS, 7 4 qug gy
(BSRS) of NIAB neur Luhiore. 1t was a saline-sodic Lahore jn o highly saline sodic ficld. The same soi = 1 Wabenieg .
s0il Luaving pH 9.5 und electricy) conductivity of was used for the above desenibed ot expenimeat - b T
\‘i.SmS}cm"‘ The soil was Jabelled with N by Micraplots of 1 m? gize werc prepared and were® !
adding 19 cellulose powder und 100ppm "N lined with thick polythene aheet ot a depth of o s
‘ ummo!nium sulphate (4.75 a1, 94 N excess). The 30cms; the soil thyt hid been remaved was tha -if-i VAL
soil was brought (0 60%, witer holding citpacity replaced, Following treatments ver run in lriplf- : Usdtaculare
(WHG) and incubited ut 30°C {1 4 wecks, During  cge: RS T“’;““
this period (N1} 4 NOD-N was estimied il T\ Ammonium sulphate (AS) 1y 2.5% e G J r::.
weekly intervils, ‘I'he nenbition was termingred SUKE N b '-Inoculated. Sphit«doase 10, 10, ',u" § T
v (I
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i “Romass were taken on 15th

+AS PN 25%ac @ 30kgNha~'-Unino-
" culated. Split dose 10, 10, 10,
FAS YN L0%ae.. @
culated. Split dose 20, 20, 20.
The frst dose of “N fertilizer was sprayed in
L ““:‘[u\ion form 1o the top 13 em and was thoroughly
“pixed before sowing the Kallur grass cuttings,
ok bsequently two doses were added afler the first
Junvest. Nine uniform sieed root cudtings of Kallar
“ “als were planted in each microplot. In the ino-
; f‘wj,.;sd treatment, the roots were dipped in a mixed
i “oculum and were shaken ror Smin before plan-
i ;;f,j, Subsequently Saul of inoculum was given to
5 ek plant alter two weeks of arowth. The plants
Uyere sown on 4th May 1985, Three harvests of
June, 2i:d Sept. and |st
JDrc. 1983, Dry weights of the shoots were recorded
amd N and ¥N analyses vere performed as de-
';';nb:d above.

Sk
" Survival and colunization sndies

(3 _,jTo supplement the "N experinicnt, o purallel
‘aperiment was carried out to study the survival
¢ ad colonigation of mocalied bawteria in Kadlag
: :g:l'-ls‘,'i rhicospheres, All (he caperimental conditions
,il‘jc_n: the same as for Iy experiment except that (e
e S0l was not lubelled with My, Portions ot 250 s of
L1 8l were weished in 300 ml plastic beakers. The soil
1 -.h:‘gi moistened (o 60% WHC. Three Kallar grass

! Rutlings werg transferred (o cdch bedker. A set of

.U|lrcc glass contact slides was buried in cach repli-

TooGle. Sig replicate benkers were inoculated with
Iy bo-2 ang mixed inoculum as mentioned eurljer,
: ,11,7\f:c treutments weye hept 1) Inoculated and
y : Pfﬂﬂicd; 2) Uninoculited planted; 3) Uninoculated
.ﬂlplunlcd. The survival ol mnoculated bacteria Wils
&ertuined by staining the soil contact slides and

Tebie . Eilect ar' inoculation on 1

60kg Nha~'-Unino- .

- same s for soil contact slides ¢ seept thut

lie., after one week of inocu

e 41 Quantificution of BN/ in Kallar grass - 45
the roots in the first, third 1 fifth week of the
experiment using the staining procedure of Schmid;
(1974), For roots the staining procedure was the
after FA
staining, the roots were Counienstained in 0.01%
Wiv erystal violet solution [u- =50 and then
were washed overnight ja pPavsphate builer saline
(pH 7.2) to remove eXUa §liin

Enumeration of bacteriy w 15 done only once,
lution:-We employed
procedure (MSRP) or
981) using partially hy-
in amionium phiosphute
bacter. from soil clumps,

the modified soil release
Kingsley and Bohlool (i
drolyzed gelatin diluted
for eflective recovery of

Resules
Pot experment

In this experiment, the urinveulited treatnient
Wus regarded as u non fixing control. The effect of
inoculation on the dry metier yield, N content and
“N abundunce in roots 4oy shuots of Kallur grass
grownin PN lubelled 50 are prasented in Tuble |,
The shoot dey mitier increas, ddue o imu.‘ufu(mn.
Whereas root dry weight did not show any such
increase, Towl N yicld was wore in inoculuted
treatment, The results of e ' N carichment showed
a higher PN abundance in uinosulated treatinent,
ascompured to the inoculated uaes, This 13 indicu-
uve of isotopic dilution vhich s the result of the
uptake of biologically fixed atmospheric nitrogen.

Quantificution of fixation based on isotope dily-
tion fus been caleuluted Oy e formuli of Fried
and Middleboe (1977) wlich i

133y " o

S N Ul " excess)ls )

Yo N fixed = | — ((I’A-\;-:— S R 100
0 oal P EXCess)ils

5 dry muatter yiehl (DMY), N content and N excess in root did shoot o Kallye Bruss grown in
T Nelubejleg saline-sodie suil ‘
s s S T S
l : DMY (gpot=") N (yield mg pot~') ALY N eoisss
| e N b e e OO Semeisei s e
."‘:ii l Rout Shoot Total Root Shoot Total Koot showut Weighed
) . 1 AV,
B T e e W
F“‘-\-’lll.llcd 0.3106 U547 11585 1,79 [0.86 12:635 13454 521 L 4027
hﬁhl‘llcd ' g
! h"'-' 0.2363 Laviq 1.3077 Lol 11.58 13.19 l.ug74 A79s 1652
2 N“- U.2672 10574 1.3546 1.96 13.78 1574 12256 L062y 1 Vsl
i
[t Lot i ol Y lioech S s s T O s Ao
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| .
Tate 2. Estumiates of mitrogen fixation bused on N isotopic
dilution in roots of Kallar grass grovn in "“Nelabelled saline
sadie soil
|

lnu:u.l_r;: e N fixed Weighted
r av.
Iso-2 ' Shoot
‘ 26,13
N Rout i
oo 5 5
Miaodd Shoot I
! 25,95
Root s

|
-

Tudle 3. Nitrogen balunce of the pot xperument sfier harves)
(mg pml" )

T

Treatment Total N rvested N paan
;' in soil through plant
Unp.un‘ltd 178.15 = 1.3 -
Planied '+ uninoculated. 187.08 = 3.6 12,65 = 29 2].55
1 Planted + inoculated. 1822 = S0 1874 =29 1979

[
Tuble 4.1Record of the survival of iocu
of contaet shides buried in soil

sted diazotrophic bacteria in presence or absence of Kaullur Erass Wowio by using FA ;L'u'r.i“r“

Where fs is fixing system and i iy q
system, Tuble 2 presents the estin s of
bured on "N isotupic dilunon, ltioculag,, T

o = nh
Begerinckia sp. (Isv-2) resulee g, %N iy,
whereas with the use of mined inoe ., um 269, uf:t ,
p]ﬂl'.l N was derived from ‘AJILJI-:Ep,‘;_L] N “.“uuuu.
However, in both these tregtnents ihe d':lrihuu:‘l
of Liologically rixed nitiogen was dillereny jy u;
raot und shoot. Witk the mix.:d inGculun, only gs-
of the root N was derived f1om lizution, w i
nearly 28% was found in the ol
Beijerinckia sp. (Iso-2) inoculaticn liearly the
percent of fixed nitragen wus fou
shoot.

Asmentioned earl.er all these cstinatey can ouly
be taken as the amount of nitropen fined in re-
sponise Lo inoculation. After harvesiing the Kally

il fuj‘. e
%o N |h.:,;'

h':“:su

=g
n the rogl any”

el

grass roots and shocts, the 1otal N content of the

soil was determined. The N balarce is presented iy

Table 3. The N gain in both the 1oculuted ang'
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£ pninoculiated treatment was nearly the same in
‘a-{'o. spite o' the fact that more nitrogen was wken up by

the plant Irom the inosulaged treatment. This in-
!f dicates that the inoculuied bucieriy are living in the
‘ vicinity of the roots, and thus more of the nitrogen
11, fixed is being transported 1o (he plant. This resules

inmore ¥ N isotopic dilution.

El
|

‘.l‘fu'n't"ml and colonization seq.fiey
|
; f{l1¢ growth and survival of inoculuated bacteria
mthe Kallar grass rhizosphere and their coloniza-
ion on root surface was monitored with the help of
" fuorescent untibody stining procedures for soil
« :eontact slides and roots, and enumerations using
the soil release procedure of Kingsley and Bohlool
(1981).
. w When contact slides buried in ditferently treated
il were stained after ditferent intervals, they
"'.\ showed that bacteria were present mostly in e
-,"v:, up'pcr 2.5cm of the slide, These observations have
i, ‘been tabulated in Table 4. Bucterial numbers were
i+ bgher in inoculated and Plunted treatments as
compared to uninoculated plinged controls. Bie-
1ia present on the slides of (he control beakers
showed the natural population of the homologous
© kacteria in the soil, since the soj] used wus un-
! serilized, No bacteria were found in the soil which
i:'n:s unplanted suggesting
i pijs exerts ansinfluence on
0 sled  population  of the
cult pEsence of g higher number
o0 Mdes on the 3rq staining (at Sth week) showed that
- Boculateq bacteria survived and  proliferated,
Mere was g marked inerecse in (e number of
leria on conaet shides of uninoculated
el puls iudlc;uiug that ihe inigal population
o 2he homelogoys dinzotrophs vius low and that
‘v“‘_‘c‘”uﬂun Is beneficial, as sl aw n by proliferation
17 ‘“(;.'“Ocululed bacteria, This also supplements the
‘,?.“‘{‘5 of quantitication inwhich more
‘:” N Wus obained in inoculated th
ed treaiments,
o rhe regyy
A8enied

KA,

e

i
“
d
i
[

that the presence of
the natural and inoc-
diazotrophs, The
of bacteria on the

"N isotopic
41N uninog-

S ol enumeritiog using MSRP ure
Tuble 5. The resulgs show a greater

le.] rof bacterjy in plunted soil than in the up-
1ed soil, The inoculation resulted jn increased
) 501_ Population as shown by the enumeruted
b Sl uninoculyred and plunted sail, 6.5 x o

I

-

Quantificarion of ENF i, Kullar grass 47

Table 5. Enumeration of noculuted Iy cteria in Kallar grass
rhizosphere by moditied soil feedse provedare (Kingsiey and
Lohloul, 1931) using luorescen: A8l y staning

Inoculu; Mixed* I30A2 Uninoculated
P Up P Up p Up
R e e L,
No. of ficlds 49 22 7 3% 33 o
observed.
No. ol positive 4] I Iy 16 35 o
lields.
Ya positive 34 50 ol v (1] 73
helds.
Towl No. of i) 37 3ou 47 8y 47
* bacteria
Counted.
Average,tield 128 16 15 2 32 2l
Bacteria g=! 205 07 iy g 0.y LB
soil x |04 ‘
(et wi) )
Y Mixed inoculum OF 4 N-fixing 1salites P = Pisnted. Up =
Unplanted

s compared (0 26.5 x 10%. gm ! 50il. There was
no diflerence in the caumeratsd values of 1ol
TedCtive organisms in (he mixeld and pure (Iso-2)
inoculum treatments,

Field experimen;

The grass was haevesied thrice during the period
of eight months of growth (Muy Dec). The resulrs
oldry matter yield and N upiake are presented in
Table 6. There was no appreciible difference at firse
harvest between the inocul
ulated treatments. These differcnces became pro-
nounced during the subsequent aurvess, Maxim-
um biomass and nitrogen yichl v. 1 obtaincd
2ind harvest (F2) which covers (e whole
Moasoon period, Kallar o
during this period. Howeve
(Oct. 10 Dec.) the growtl,
down (Malik er al, 1980)

The "N uton) % excess i K allar grass shoots us
4 result of inoculution i Prosented in Table 7,
Maximum YN eniichinent wis found in the first
horvest und PN concentiution Jdecreased in (he
subsequent harvesrs, The pereent nitrogen derived
from fertilizer (% NdID) und percent fertilizer ug-
tlization efficiency (% FUE)is proicnted in Table 8.
Maximum 9% Ndjy was found in the firs harvest
und it declined during the subequent hiryests,

atee and the uninoce-

al the
of the
Wt gowth i oplinug
tduar g winter montls
oF Kallur gruss slows

e R
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t
Tabie q Dry matter yvield (DMY) and

A upluke of Kullur grass grown in ditferently treated fisld MICTof duts

E rom lhc:: data, the "A" vaiue for all the treaumnents
at three harvests has been calevlated. The quanti-
fication of the nitrogen fixed hus been estimited by

the : ormul.1 (Fried and Broeshart, 1975).
. i i % FUE
N h‘xcd (kgha™') = (A, - A,) T

i
In this field experiment, in T, where AS @
60 kg N'ha~'was added, has been taken as nfs with
the assumption that higher rates of nitrogenous
fertilizer applicition inhibii nitrogenase activity of
the thicospheric bucteria. This treatinent gave the
lowest *A” values at all harvests. Caleulations bused
on the differences in *A’ viJue, showed maximum
uptike of biological nitrogen wt the second har-
vest Tt ranged from 32 kg ba i the moculated

Table 7. Alom % N excess in Kullur grass shoats at 3 harvests
(H,, H,, H;)

Treatments ”\' atom ¥
H,
ih m) vembe r) (Lkumhnrl
Ty  AS* (2.5a.¢.) U ‘\‘bt u vNW 0.0¢12
Pat3okg N ha, 20009 1+ Guu2s 40102
Inuculaied
T, ASY(Q.5ue.) U5507 01223 0.0670
Hat30kg Ny, =0.009 - 00020 +0.009
Uninoculated
15 AS} (1.04.c.) 0.2639 0.1164 0.535
2u60hg N ha, = 0.0048 _LUI‘JU £ 0002
E:llln..lr:d N at Yi encess * 2,293 il 0931
Splin doscs 1/ =10, 10, 10; 2/ = 20, 20, 20

Trcalm‘cnl o\n ~:pm“) N uptake (g ptot™') B
. . R H, Totul H, 11, i, "‘]:e_
e e e e S R el
T, A8 D Sue WS 387.7 3240 8233 1.25 53 R ,::‘
N FETE ke @ o
i o (Nha
s noculited
s I AS 2':‘""‘ 105 3242 LY 592.5 129 5.78 ) 04;1
1/at 30 kg
Nha!
uninoculated
Iy . AS Luae. i3y 3sn0 4207 04%.9 1.40 Su9 Ly 9tk
C 2ate0hyg
Nhy=!
AS == Ammonium sulphae, M, 11, i, = il L l 2 J 5plil duses Jj = 10, 10, 10; 2/ = 20, 20, 20 7 BN

treatment and 15 kg ha~
ment. The amount of nitrogen .
the 3id harvest und was  culcuated 1o ke
6.54 kg ha="aund 3.76 kp ha ™" in the oculaled and
uninoculuted treutments, respecti vely.

The comparison of the treaiments | and 2 sl.o\..
ed relatively lesser isotopic dilution in the unjngs
ulated wreatment (Table 7).
some contribution 1o the biolegicall, fixed nitropza
is nuide by the inoculited ur'.lh s, This con-
bution can be' quantified if uninoculuted) n

taken us non fixing contral. B: xmt o this uxsmlqr-

tion, precent nitrogen derived f1om fxation for th
inoculated treatment un be caleuluted as 9.5, 224
and 3.7 Tor harvests 1, 2 and 3 jespectively (Tabie
8). This estimation essentially sucasures the re-
ponse 1o inoculation, since nitiopen fixation iy
uninoculated treatment (T,) by i.dienous micro-
flora is also occurring. 1L is also cleir from the A
values of T, and T;.

Discussion
The "N dilutian technique has boon used widely

for quantification of hiologicilly fiocd nitrogen A!n
legunies (Chalk, 195). Reviews cii the methoduds

ogy of meusurement of notogen ixation ASS,

ciated with non-legunies agree that i otope diluie!
methads are suitable for fiele nieusarements e
these are the best methods o)
amounts of fixed N tuken up by
(Fried er al,, 1963; Rennie und Reanis

the total plast
, 1983). Botk

Pin tie uni wculited erﬂ..-.
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J able 8. Caleulation of fe-ilizer ltrogen uptake and N,-fixed by Kallar grass bused on e A kil ol suil
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[ ~ 4 T SeNaim YWFUE AL T, as contey| V' us euntrol ~
‘T = : i N hxed YN fixed M fixed Yo N lixed
‘—~—E i j kgha=t kgha-!
[9 S 303 S 03 24 12 100
NS BN H, 444 803 695 3156 54.0 150 22,4
v H, 267 1575 1094 Q.34 33.7 L7 5.7
St ;' H, 2.5 3y 29 - -
R B i, 5% 6.65 533 1533 o ‘
‘3; Hy 2.9 .34 997 3.76 2.4
)
, 4; H, 3803 2663 30
Pdn H 16.36 14.05 302
( ; £ H, 7.23 334 716
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el
dted treal- -of these reviews acknowlsdge the mrhodological
-reased at | i . problems involved jn selection of suitable control
4 jo b i plants for isotope dilution experiments in the field;
higd iod 1 lthe problems ulso haye been discussed by Wity
,? :‘(1983) lor the legume system,

525“"?““' " The problem of selecting a conerol for Kallar
| 2

i j““’“" sgrass is further Compound:d by the facr that not
s % ' I N

rats tul jemany plants are able 1o grow 4 the extreme con-
< niteoea -1 «ditions of saline-sodic soils, However, in the fielg
S ponn- - Ay

et g ?p:imcnl repocted, efforts wree made to Brow
ulaped B sonfixing reference plants, namely yvpha sp, and
BSHel { Pr.m:omu-/uu bipinnara. Though these are weeds
0; g"r_);t': il Lturylly 3rowing in the saline sodic areas, we were
5 9.

CTaht fedmable 1o prow them in the cxperimenta) fields
Pl o Jongside }y ljar Brass in the Yy microplots,
P Lh“‘j' & ,ncrefore, in order to overcome this non availabil-
:::["O.n i Yol proper reference Plants, plants from he treat-
{ .

Jent receiving  the higher “N application
‘,@ngha") Were tken as controls with the
L Rsumptign that nitrogengae detivity would hyye
« b inhibited,

1The methog of inhibition of rhizospheric pj-
Yogenase aCUvity as a mean. m'obt;aining a nonfix-
‘_'“K‘innlro[ his not received Jue iltention (Chalk,

m

. 79). Rennje o al. (1978) supyested that u high
open wo o b5 ‘b hig
::!t?bd-i' Mol labelled fertilizer “ould be applied o the

th s MKence n. WSE AT VG STAT
fon; 8807 - 1y IS plant to it nitrogenase and (he A

a4 M modificyrion used to estimate N;-fixation,
cd!lu b .ﬁ" e % z
mifﬁ‘ ‘ ¢ hibitors of ftrozenase have also been
sastrabiag s iy :Ik_lncd (Nohrsted, 1984 Viassuk o al., 1976),
arphisld i " Usefulness js however, dependent on their

inLof Phytotaxicity :ind sustained biouctivity of
SEPlants gy microoryganisims,

The results of the field experiment repoited here
are based on the estimation of *A" values al djf-
ferent harvesting times, e dlvantage of (he A
value is that the lixing systeu, (Is) und non liging
system (nfs) may be siven ditlerent rujes of ler-

tilizer N, An important condjj i is thay the Mag-
nitude of the *A’ valye Must be independent of the

fertilizer rate (Rennie and Rennie, 1983), Gauthier—~ -

et al. (1985) while studying actinorhizyl assogia-
tons in a methylbromige tuniigated s0il, found
that the *A’ yalue {or the refapence plunt‘iuurcu:.cd
with incrcusing rates of N application. Otlier stu-
dies also have shown thar *4° values for reference
plants do vary with increasing 1ates of N addition
but the resu|rs have not been coasistent (Dicberr of
al., 1979; Rennie, 1979).

In’the present field study, *A* values decreused
With an increqse in fertilizer v application. The
higher A’ valye is attributed vy the oceurrence of
nitrogen fixatjon In the invculated and uning-
Culated treatments having lgwe: rate of N fertilizy-
tion. Based on this differepce in A value, the
amount of N fixed (kghe ™Yy hus heen culeulated.
Ihe results hyye indicited thig teirly 32 ky N [~
Vs fixed by the 2nd haryest vhich covered the
Feriod of high photosyatl etie activity and muxiy,.
um biomass production. The winoun; ol N fixed
decreased 41 (he 3rd harvest w bich was during win-
er when the srowth of Lyl BIUSY [ relatively
slow, The dillerences in (. amount of N fixgd
between inoculated and unir peulated treatments
Lives an indication of (e e dent ol response 1o
inoculation with Na fixing buztega, This has also
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been .|u‘;'.|milicd by using uninocu.ated treatment us Acknowledgements
nan tixing control. However, either upproach for : ‘
<estimating fixation shows the values to be substan- Financial support for this rescurch wyg Pn.
live. provided by the US Nutional Acaden y of Scieg on)
In the pot experiment, the uninoculated treat- Nutional Research Council by n ¢y of 4, gra
) : ul

wientavas kept as the non fixing control. Bused on
this reference, it was estimated that 20-20% of the
Nin i\’ujli:xr grass was derived fram the atmosphere
through pitrogen fixation. Since the soil was non
sterile, any estimation of natrogen fixauon in this
cuse will reflect a response o inoculation und
thererore can be regarded as un under estimation of
actual total nitrogen fined. Uninoculaied treat-
ments have been used by ather waorkers o assess Ny
fixation associated with wheat Davidson, 1983;
Kapuln{“k er al., 1985; Renn:e er o, 1983) and rice
(Watanabe and Lin, 1954).

Our earlier results using the " N isotopic dilution
teehnique in kallar grass prown in sterile nutrient
suolution revealed that 0 80" of the N in werial
parts of Kallar grass was derived from fixation by
the added bacteria (Malik er o/, 1987). In these
experiments no additional curbon source was
added indicating that the plant growth was able 1o
sustain the proliferation of diuzotrophs.

There are few studies carried out on the fate of
inoculated N, fixing bacteria in the rhizosphere of
grasses (Sn.h.mk er al.,, 1979). During the present
study, the fate of inoculuted bucteria in the soil was
studied 'using the immunofiuorescence technique.
The results indicated that Kallur yrass growth exer-
1ed a beneficial effect on the survival and prolifera-
tion of bacteria inoculuted into the rhizosphere.
This was demonstrated by Nucrescent antibody
stwining of sail contauct shides und roots, und by
enumeration using modified soil release procedures
of Kingsley and Bohlool (1981).

In conclusion, it can be stated, that, we have
reported further evidence regarding the contribu-
tion of associative nitrogen fixation to the nitrogen
nulrmon of Kuallar grass. Earlier experiments using
LN L‘OlOplC dilution technigue. carried out in nu-
trient solution had dicated a high potential of
uitrogen fixation in association with roots of Kallar
grass (Malik er al., 1987; Malik and Zuafar, 1985).
The studies reported here hiuve been carried out in
pots ¢ nd in the field, und the results have contirmed
the contribution of associative N_-fixation, though
the estimates appear on the conservative side due 1o
experimental himitations.

from the US Agency for Intern: tio
ment. Thanks are due to Mr Anwar
Ghulam Rasul for their techaical bistince, W,
would also like to thank Dr Muurice Frieg r&
critically reviewing the manuscript.
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