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SUMMARY 

Greenhouse experiments were done with two purposes: (I )to identify strains of rhizobia effective and 
acid-tolerant in symbiosis sith lbilab rarpureus,and (2) to determine whether soil acidity or the 
symbiotic condition increased the phosphate requirement for growth. 

Five rhizobial strains were tested in one neutral soil, two acid soils, and the two acid soils limed to 
pH 6.o. In the neutral and limed soils, three of the strains were effective (C1 1024. CB756. TALI69),
but only two strains (CB756, TAL 169) remained effective in acid soil. 

Strain CB756 and plus-N treatments were further compared in a factorial trial involving com­
binations of five levels of P with lime, no lime and CaCI treatments, applied to :tn acid soil. Some of 
the treatm nts were also applied to plants inoculated with C131024. Between the N-fertilized and 
CB756 treatments there was no ,c r difference in growth response to applied P,and the critical 
internal concentration of P for 95'., of maximal growth was the same (0.22',, shoot dry weight).
Increasing Pbeyond levels needed for maximal growth increased nodulation and N concentration in 
plants inoculated with CB756. It ! iwered N concentration in N-fertilized plants. There was evidence 
suggesting that the P requirement of symbiotic plants increased if the soil was acid. or if CB756 were 
replaced by Cl31024 as micro.;ymbiont; but the critical statistical interactions were not significant. 

INTRODUCTION 

Liblab purpurteus is a useful grain legume, rotational legume, and forage in 
tropical areas. Its nodulation and rhizobial strait, requirements have received 
some attention 3. 7, 1'tI, (J. C. Burton, personal communication), but apart from 
a field trial by Herridge and Roughley 7 there appear to have been no studies to 
assess influence of soil acidity or phosphate deficiency. 

Some legume species are more tolerant of soil acidity and P deficiency than 
others''9, and recent evidence suggests the same kind of variation for strains of 
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rhizobium 1,, Such variation should be useful for selecting tolerant rhizobia 
and legumes. Considering this information and the importance of Lablab pur­
pureus, greenhouse trials were conducted to: (I) select strains of rhizobium 
effective on this species under acid soil conditions and (2)evaluate the beneficial 
role of liming and phosphate fertilization on nodulation and plant growth. 

Effects of rhizobial strain, liming and P were asscssed by meast -ements of 
nodulation, acetylene reduction, dry matter production and N concentration in 
plant tops. 

EXPERIMENTAL 

Notdation insoils of tiff'e~rent pH 

In a live x seven factorial experiment with two replicates, inoculation and N treatments were applied 
to each of five soils. The treatments were a check, an NI-l NO, treatment, and five inoculants each 
consisting of a separate strain of rhizobia. The strains were CB750 (= TAL309) and CB1024 
= TAL310) from CSIRO Division of Tropical Pastures. Brisbane. Queensland: and TAL169 

(= 176A22),TAL 173 (= 176A30jand TA L174 (= 176A32) from the Nitragin Co. Inc.. Milwaukee,
Wisconsin riathe University of Hawaii NiFTAL Project, Paia. Hawaii. The soils were: (I )Tujunga
sand, (Typic Xeropsamment) 0- 20 cm,from Davis, California, pH 6.3 (saturated aqueous paste); 12)
Josephine loam (Typic ltaploxerult)130- 50 cm. from Calaveras. California. p 5.6:13) Josephine soil 
limed to p11 6.6 with 2 g CaCO 3 ,kg soil (pH measured a week after CaC0 addition): (4) Goldridge
fine sandy loam (Typic Hapludult I.30- 60 cm from Sebastopol, California, pi1 4.7: (5) Goldridge soil 
limed to pH 6.6 with 3g CaCO 3/kg soil. 

Undrained pots, lined with polyethylene, were filled with 1800 gofair-dry soil. Each pot received a
basal addition of S P, Mo and Zn. After addit-.,, of lime and fertilizer, pots were brought to field 
capacity with distilled war.r, left one week, remixed and repotted.Seed of Lahlab putrpttrcqt. (common Sudanese commercial) from the Department of Range
Management, Khartoum. Sudan, was surface-sterilized with 30"1. ,02 and rinsed with sterile water. 
Six seeds were planted per pot, then directly inoculated widl I ml per seed of suspension containing
I0'viable cells per nil. Seeds were then covered and the pots brought to field capacity by weight. After 
emergence, plants were thinned to three per pot. Directly after thinning, NI .NO.,was added to + N 
pots to supply 10) ppm N. and another equal dose was applied three weeks after emergence.

Six weeks after emergence, plants were cut at the soil surface, tops were dried, and roots were used 
to letermine nodule number and fresh weight. 

Ej]icts oJfphosphorus, CaCI, and CaCO3 

A live x three x two factorial experiment with two replications was set ttp with the Goldridge soil.Five levels of P were applied, its KHPO, solution (Table 2). These were factorially combined with 
treatn;:r;.. supplying 3.Og CaCO 3 kg soil. 0.3g CaCI,,kg soil, or no addition of calcium; and with 
two N treatment,;, ti: inoculation with strain C1756 and + N. In all other respects, soil preparation,
basal treatment, planting and inoculation were as in the previous experiment.

There was a sub-experiment with 14 pots inoculated with strain CI1024. run concurrently. Its 
purpose was to compare the P responses of C3 1024 and CB756 in the presence of CaCO, and to 
compare their response to CaCI, and acidity at the highest P level. 
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rselecting tolerant' rhifzobia 	 At harvest, six weeks from eme~gence, tops were cut, dricd and weighed, Roots were washed out of
In fthesoil, 	 ablotted and immediately assayed for acetylene reduction (I hour, 0,,osphereeimniportance of0 ba i h Percent N was determined by amicro-Kjeldahl procedure' 'and total '1acri oono 

select strains of rhizobium and Ulrich'. 
d(2) eyvaluate'the beneficial 

ationh azd p.f.it growth. ''RSLSADDCUIO 

ofGRWTS 	 DISCUSSsDesTed by measurenents 	 ON 

-tonand N concentration in 
Fro pefornance in'diff'erent soilsealyStrain 

.From 
 ealy growth, visual observation of j3"ant siz and color separated the five 
strains into three groups. StrainsTAL69 and CB756 were effective in all soil 

.treatments. StrainCB1024was effective except inthe acid Goldridgesoil. Strains 
i('pHl TAL173 and ,TAL174 were'ineffective. These observ.ations were g'en Ierally sup-> 

potdby daaotiepresence ofnodules, plant weight, Adln a(ion and Ntreatments were applied 	 pre aaoithbfndplatN'a
Ietctad live inoculants each compared with checks. Table 1). Thle three effective strains differed little ini nodule ~ 

CB756 (-TAL309) and CB1024 weight, except f~ ooe ~uainb B04in the acid Goidridge soil.sbanc Quena;nTL9 Except for plants growiiin th Tujunga sand, Yields were significantly greater
thle Nitragin Co. Inc., Milwaukee, wt ­

awa Th were:.()Twunga. + N treatments compared to any other treatment.The three effectivestrains 
6(saturated 'aqueous paste); (2) . ., gave plant N 'concentration similar to N-fertilizjed controls in the naturally

a-fornia pH5.6; (3)iosephine soil neutral Tujunga soil..ln the limed acid soils althotgh yield was depressed relative 
er CaCO, addition); (4)Goldridge . nrlytNth

to ..N ... -ferthzed..controlsyetN.t concentrati n inth Shootalirornia, pH 4.7; (5)Goldridgc soiltoNftiid ..'. c .. ' cnertinn ,zsos rem ained high. Re­
duction in plant yields and N cnet ations 

ofairdrysoil. Each pot received a CB1024 and d1iNn 	 esncblashedSwere 	 I sblbrought to field 	 aSimmin 
r twidespectrumstrain for tropical eglines (R.'A. Diatloff and R.A,,Date, personal 

fr:oinmthe Department of Range communication). It has been shown 'capable of effectively no'dulating Lablab,
H,0 2 and rinsed with sterile water,' purpureus in soils low' in Ca and' Pper'seed of suspension containing -"0 

h	"(tto field capacity by w~eight. After The ineffective strains prodtuced less than five nodules per plant, 'all very smal1 1 
ning, NH 4NO2 was added to + N Both strains are effective on some other 'tropical legumes and tolerate soil' acidity 

ewesanderotmerge sed 	 and aluminium in culture media and in symbiosis with cowpea in soil''ps were dried, ad ro.t" wr u The differences in symbiotic tolerance of soil acidity between the three effective
 
strains agree with observations on their relative toleranice of acidity factors in
 

Cac Mculture medi and insymbwosiwith cowpeai9 and V'gna trilobata (M. G.,

Zaroug, unpublished) in soil. These results differ from those of Herridge and'"
 

as set up with thle Goldridge soil. . -'... Roughley tO, Who concluded from afield trial with Lablab puriipireu4 that C 1024
 
sWere factorially combined with 
 a
nadiinoclcuanwihformed 	 more nodules per plant in an acid soill than CB756 and gave plant yields 
all other repc',si preparation, that,' were (iiot sionificantly), higher' However, the discrepancy betwveen their. 

sxperment. re'ults and those presented hlere may arise from points of technique.They used'i 
ain Bre ,rne ochc urre;n Itso'i " ,,rer Iocula Ql0 cells' per seed as against 10' in,this study), and they a'ppliedithprsenceo aQndt

~i 5Qkg/ha of a 50 50 mixture of limie and superpl16sphiate, concentrated in the' 
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Table I. Nodulation, dry matter and percent nitrogen ofLablah purpureus as affected by Rhizobium
 
strain, soil type and liming 

Nodule Dry matter Percent 
fresh weight yield nitrogen 

g/plant g/plant 

TFujunga 

Check - 2.21 1.49 
Plus nitrogen - 3.94 3.03 
CB756 0.68 3.81 3.13 
CB1024 0.68 3.62 3.17 
TALI69N 0.83 3.76 3.51 
TAL173N - 2.36 1.20 
TALI74N - 2.15 1.15 

Josephine 

Check - 2.20 0.91 
Plus nitrogen - 3.33 3.65 
CB756 0.61 2.52 3.17 
CB1024 0.68 2.47 2.74 
TAL169N 0.63 2.65 2.83 
TALI 73N - 2.24 1.25 
TAL174N - 2.26 1.58 
Josephine + hine 

Check - 2.05 1.25 
Plus nitrogen - 3.92 3.46 
CB756 0.73 2.81 3.07 
CB;024 0.67 2.75 3.36 
TALI69N 0.73 2.74 3.12 
TALI73N - 2.17 1.16 
TAL174N - 2.02 1.39 
Goldridje 

Check 2.06 !.02 
Plus nitrogen - 3.60 2.93 
CB756 0.56 2.78 3.46 
CB1024 0.18 2.27 2.93 
TALI619N 0.48 2.77 2.98 
TAL173N - 2.22 0.98 
TAL174N 0.11 2.22 1.07 
Gohlrid.e + lime 

Check - 2.29 0.87 
Plus nitrogen - 4.00 3.17 
CB756 0.68 2.85 3.03 
CB1024 0.74 3.07 3.12 
TALI69N 0.81 3.01 3.70 
TALI73N - 2.15 1.31 
TAL174N - 2.23 1.44 

LSD,.,J, 0.51 0.51 
LSD 0 1 0.61 0.61 
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ureus ~as affected by Rhizobium Table 2. Influence of pH, calcium, and phosphorus nutrition on nodule fresh weight of Loblub 
i'a...' .,purpureus (Goldridge soil) 

r Percent, - tan#C76C12
 
n itrogenStan9C76B12
 

pH' 4.7 4.4 6.6, a4.7~. 4." .6 ' 

Phosphorus . No Ca '++CaCI, +CaCO" No Ca .+CaCl +CaCO, 
303applied -ppm

3.03 
31 0 "~0.38 0.34 0.71 0.32 
3120 0.70 0.71 0.74 -0.64,
3.140 	 ' 0.99. 0.69 0.89 '-07 

a 	 80 1,18 0.80 0.93 - 0.87 
160 1.27 1.42 1.8 0.22*aa 0.37* 1.01 "' 

0.91 ''LD	 0 =0.53 
3,65 LSD105 '= 0.54
 

i 3.17 1,0 1 =0.75
'LSD 

&~. 2.74 
2.83 	 Values not included in if'eanalysis'o&variance. Nodule fresh weight isgiven inglplant, 
1.25 	 ' 

1.58 

1.25 
3.46 
3.07 	 aI a 
3,36 

S 3.12 
1.16 
1.39 

it 
1.02 	 Table'3. Influence of pH, calcium and phosphorus nutrition on nodule activity of Ui2:b'bpurpureus

2.9 	 (expressed as pof of ethylene formed per fgnodule fresh weight per houdt 

3.46 . .Strain . .,CB756 ' .CB1024 

,2.93
 
a''298 pH'.1 4.7 " '4.4 6.6
' 4.7 4.4 ~6.6 

10.98 
1,07 	 Phosphorus Ca +CaCI 

,' 

2 + No Ca +CacI 2 + CaCO.~No sCaCO + 
applied -ppm' ,,' . 

0 10875 '13.32 12.15,0 185.85	 18
3172)0 	 .21.06 '",15.5.8 .' 32.73 MIS.198 

-31.76S3 ' 	 40 " 31.64 29.08 '' 30 .67 ' - . 
"32'80 42.18' 33.22 44.26 -- 32.16 

37A160, 39.39 29.32 28.12 56.48 . 50,71 40.87, 

'.'~.~' 14,BID,', 	 21.31 ,No signific, nt differe(C... 

0a 51 

"~Values51 	 not included in the analysis of '-Liriance. 
a 

0.87 
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furrows. Both points would tend to minimize expression of acid and phosphate 
stress in their experiments. 

Apart from acidity, there were effects of soil on plant yield that may relate to 
nutricnt supplying abilities of the soils. Thus, strains CB756, CB1024 and 
TALI 69 produced yields of dry matter and N only about ''07".of the appropriate
N controls in the limed acid soils, but almost 100',0 of the N controls in the 
Tujunga soil. Better fcriility ofthe latte,, in some respect not identified, may have 
been responible for narrowing the difference between N treatment and the most 
effective strair s. 

Efjfcts of phosphate, hlime and CaCI, 

Nodule number per planz increased gradually from 14 per plant with no added P 
to 35 with the addition of 160 ppm v,with strain CB756 in the CaCI, treatment. 

.01 
-(a) 5 (b) 

4 -
CL C1 

W 
 w
 

I-. -
I- I­

0 204 8010 0 24 8 6 

I II I I I I I 
0 2040 80 160 0 2040 80 160 

PHOSPHORUS APPLIED - ppm 

0 untreated soil pH4.7 
A-- +CoCI 2 pH4.4 

S-------+CoCO pH6.63 

Fig. 1. Effects of phosphorus. pH and calcium on dry matter yield ofLa dd purpureus. aOsymbiotic 
plants. (b)N-fertilized plants. 
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': ,")IWit !strain CB103, ;C12!i sigificantly lowered the-numberof nodhiis] (Pi :', 
...,..,,," .... ;.: : ': :::[ < 0.01 )Ias corr(b pa£ . withi lime.! In th preseinc~'e of limeor in tile untr-eated sfoil, P 

<- number'"with .either .... . r" " 
ri' reaettt< :i :";i h ef ct"6nt ) nodule . ....... C31024.. ... - 4'"
 

m~. ,Chdf i) 'little' e' '" nB7560or 

nCsC,-"'1, Te re
104 ad were large effects of P oni nodule weightand activity (Table 2 and 3), as. " 

ut.of V;4 ite.. .. el.........
 as ion plant ,growth;and nitrogen concentrationis (Figs. I and2). For both":iihe N controls in the' rhzbasrisnoue:egticeae rdal wt diino up to 160 
"I 

/ 
., ppm .ThereCno, identifid, ma have. .:. was 'nosignificant depression of nodule weight by acidity, exceptmintreatment and the most CB 10',ri24 treatmentls (Table=2) Nodule activity, measur~ed as acetylnreuto 

..... .lt periuniit nodle weiiight wassimilar for both rhizobia anid similarly tnedt
1 i1333.37: " iincrease'7> withl addition o:f P,as also ?,bserVe d in Stj, osanthdes jjjjjniliS5.Unlike . 

2: .. : :,noduie i weight, nodule activity tendd to incras witih soil acidity in CB1024, " 
(Tabl 3). Thisinndic ai dity oreasee n o c r res po nd wi thiad verse effe ct:rlant with no added P . ... ; i growth of the' plants.: For stanB5,crehinsuissoe inificant, -

6ihe Caci2,treatment:. co"ncentratin in 
'<:):i:,:''~~ ~ i~ ~~.0 OO)and with activity (r;'= 0.74, P'<0.05)." ' - :" " 

./. relation oftie P6 "";mthe p la n t shoots with nodulkiweight (r =0,91, P
i. "::; 

S.I/ : .. . . > .05:> 
.. I:, rthz, h ..<00 ~so~pr~ it im.Inth reeceo lmeo soil, hentreattedi P 

.. ... . 4
utblj0% of~te apprnoriat igw.fell s ophioh andcanion Nconicentration in s igs.Iad 2). Frsboth 

mosttreatmet and te B 1024 reatmensyboi(Tal )) Nodun~ ertiizeasrep ans aeyee euto 

a.a 

0 0 

http:i1333.37
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Dry matter yield with CB756 and with fertilizer N increased m -st sharply vith 
P addition up to 40 and 80 ppm P, respectively, in limed treatments (Fig. 1). 
There was no clear indication of a difference in P requirements between N­
fertilized and symbiotic plants. A determination of critical 'nternal P value 
confirms this interpretation. 

Critical value is considered here as the P concentration of the plant tops 
required to pr,.iuce 95"',, of the maximal plant yield. Curves of the form y = a 
+ bx + cx 2 were fitted to the data of dry matter yield and P concentration in the 
shoots (Fig. 3). The resulting critical P values were identical. 0.22'0, for N-treated 
and sym *-.icplants. 

The maximal yield of symbiotic plants was substantially less than N-fertilized 
plants in this trial (Fig. I ). Clearly P was no longer limiting at the higher P levels 
supplied, at least for r~ants symbiotic with CB756. Nor was N, since its con­
centration at P levels above 40 ppm, was higher in symbiotic than in N-treated 
plants. 

Nitrogen concentrations in N-treated plants declined with increasing P (Fig. 

5.25 

g 	 Is 

C: 

3 .50 

Pa 0a­

< 1.75 

00 

I 	 I 

0 	 0.14 0.22 0.28 0.421% 
PHOSPHORUS CONTENT OF LABLAB PURPUREUS 

Fi!. 3. RelaIions between dry matter yield alnd concentration of phosphortis in Liblab purpureu. 
tops. 

0 PIlus nitr, een r = 0.943. 
0 Inoculated r = 0.790. 
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increased most sharply with 2), and concentrations of N and P in the tops were negatively correlated (r
 
1n liied treatments, (Fig. 1). - 0.80, P < 0.01)This reflects a common tendency for a nutrient in exciess supply
 
1Prequirements between N- 'to accumulate i stiinted plants and became diluted when a growth limitation is
 
of.rit.cal internal P relieved. In symbiotic plants (CB756), N concentration increased with addition
"e -valu 

of P, regardless of limo treatment, up to the higher (160 ppm) level of P (Fig.2);: 
etration of the' plant tops. and cb".centrations of N and Pin the plants Corelated positively ( 0.79, P 

id.'Curves of the formi a , ' < 0.01 ). This isconsistent with the similar progressive increase in nodule we'ight 
dand P concentration in'the (Table 2)and with Gates's5 evidence that P promotes nodulation. Improvement Y 

idtica1 ,0.22%, for N-treated .Pn.iriti of beyond levels necessary to maximize dry matter production-::ii~;:, :"::-:. ... " ; ntent-of effecti vely smbiot ic legumes' ::,."i :.:.: ,common ly improves protein ~o ,tantiaily is than N-fertilized. ., The decrease in yield of plants symbiotic with CB756 at the highest level of P in 

Ii ii)ing at he high,'erP levels •limed was s'atistically significant (Fig. la). It'may have arisen from a ''". soil6&Norwas Nsice its con. .: phosphate idu'ced.deficiency of some other nutrient. It was accompanied by
 
syimbiotic than in N-treated formation (f a large mass ofnodule tissue of low activity (Tables 2 and 3),'perhaps
 

' :. ,produced and{maintained at0th expense of plant growth:.
 
dined 'with increasing P (Fig.. Noduld activity and weight measurements in general failed to reflect the po r 

' -.. 'p:Pformance of strain CBl024 indicated by yield and N concentration data, The 
activity might have been high because it was measured on young nodules, formed 
late;.or there mayhave been poor energetic efficiency or some failure to trans­

. ..: ,: - - ;-: locate N tothe shoots with CB 1024. ' . ' " ' -
An effect of soil acidity on P requ1rement',jis not demonstrated with certainty. \. 

Acidity clearly had little effect on Nfertilized plants (Figs. 1,2);.but there issome. 
suggestion that the most acid treatment (CaC1)' had deleterious effects on 
growth and N concentration that were partly overcome by P addition i the 
CB756-symbiosis (Figs. 1,2). This can be regarded as an increase in P require­

0 . .' ment in tie acid soil,consequent upon CaC 2 addition, and would be consistent 

Table 4. The elfect of the addition of ph osphorus ttdifferent so IpH values on dry matter yield and 
- Iirogen concentr:!tion of Lablab purpureus inoculated with CB1024 

Phosphorus pH'~ Dry matter PercentI applicd - p ' yedgpatnitrogen 

' .0 ' ., 6.6 '.0.73 . 2.60 
' ' 20 ~ 6.6 1.39 2.23 ' 

40 ,. . 6.6 1.51 2.21 
"'>....42.% ' 'so0 '"' 1.506.6 2.53 

160, 6.6 "1.70 '2.40

FLABLAB,. PURPUREUS, 160, 4.4' 0.74 .1.97 

nof phosphorus inDahhjb piirpuimis '::i.ii s :..'' '. , .: '1602 4.7' 0.61 '-2.48 

'': 

,:,•..,ii, ."; :,<:: ' '. " v , , . .. . .... ):,>- ,. . :.'; : , :- .,= • : : ' .
 

K~~~ . S'D,,,', 0.73;:;.; :'. ?'': - . . . "' '. ,:":::,:.:: . .' : : ":-I,): 


. . . . . - ">>:: ,>' ," " ,:: , .:- : :" ''"" . , .: 

1 

08 

http:late;.or
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with salt effects on soil pH and Al-activity and with precipitation of toxic 
concentrations of Al by added P" 3 ' 4 . However, the interaction between P 
treatment and lime/Ca treatments was not statistically significant. 

Likewise the data do not establish that the symbiosis writh CB1024 needed 
higher P than the symbiosis with CB756, as might be expected from evidence that 
CB 1024 has a high P requirement for growth in culture media In the limed soil, 
CB756-inoculated pl,'nts approached maximal yield at 40 ppm added P (Fig. 1)
while C1Il024-inocula ed plants might have needed more than 160 ppm (Table 
4), but interactions betw'ecn P treatment and rhizohial strain were not significant. 

The data do confirm the finding of the first experiment that C131024 was more 
acid-sensitive than C13756. At high levels of P, there was only slight decrease in 
yield of the no-lime treatment as compared with lime or CaC,, on the part of 
plants inoculated with CB756 or given N (Fig. I ). B't plants inoculated with 
CB1024 failed completely at low pH, with or without calcium (Table 4), in 
keeping with the severe depression in nodule weight. 
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