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Rhizobium 	inoculation of Phaseolus vulgaris 
in Lajas, Puerto Rico 1 

Yovanny .4.Veilzquez, Robert A. IN';on and EduardoC. Schr6der2 

ABSTRACT 

evaluate the effect of RhizobiumA field experiment was conducted t,' 

inoculation me'hods and the effect of different levels of N fertilization on 
and .,ield of Phoseolus vulgaris L.The Nnodulation, nitrogen fixation 

treatment produced a seed yield significantly higher than that of the otht r 

treatments. Inoculation treatments had no significant effect on nodule 
when compared to 	the noninoLulated and

thumber and dry weight, even 
N controls. This finding was attributed to a high number of Rhizobhum 

phaseoli in the soil. The applications of N und inoculation did not signifi

cantly affect the N percentages of foliage and grain or nitrcgenase activity. 

Serological identification of nodule: indicated that the native strain UPRM 

6000 formed the largest pertentage cf nodules (41%), followed by R. 
127K12b (10%). The serophos.voli 127K44 (34%), 127K17 (13%)and 

group distribtitions of inoculated and N fertilized treatments differed sig. 
control. Inoculation methods (seed vs.nificantly'from the noninuculated 


soil) did not differ significantly in either nodulation or yield responses.
 

RESUMEN 

Inoculaci6n de Phoseolus vulgaris con Rhizobium 
en Lajas, Puerto Rico 

Se hizo un experimento de campo para estudiar el efec'(u de m6todos 

do inocular Rwlzobium y el efecto de diferentes contidades de abono nit

rogenado sabre la nocilaci6n, iijaci6n de nitr6geno y rendimiento de 

Phaseolus vulgaris L.El tratomiento conrrol con N produjo un rendimiento 

de semilla significativmente superior al de los otrow. tratamientos. Los 
n no tuvieron efecto significativo sohre el n~me,Iratamientos de inoculaci 6 

ro y ol peso seco de los nodulos, aun compar6ndolos con los de los testigos 

N. Esto se atribuy6 	a un alto n6mero du Rhizobiumno in.iculados y con 
phaseoli -n el suelo. Los aplicaciones de N y la inoculaci6n no aumentarmn 

en el follaje ni en el grano; tamsignificativarnente los porcentajes de N 

poco aumentaroo In actividad nitrogen6sica.
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La identificaci6n serol6gica de :os n6dulot indic6 que la cepa notiva
UPRM 6000 form6 el mayor porcentaie de n6dulos (41%), seguida por R.phasecli 127K44 (34%), 127K17 (13%) y 127K12b (10%). La distribuci6n 
en serogrupos de los trutamientos irioculados y abonados con N fue sig.
nhicativamente diferente del testiao no inoculado. Los mitodos de inoculaci6n (semilla contra suelo) nc presenlaron diferencias significativas ni en 
nodulaci6n ni en rendimiento. 

IN' R( D UCT'IO.N 
Dry beans (Phascolus ,ulgaris L.) are one of the world's most impor

tant legumes grown for human nutrition. Inoculation with superior
strains of Rhizobinm phcseoli is a practice intended to improve low bean 
yields, especially in deveoping countries (1).

Bean response to inoculation under field cjnditionls has been ex
treinely variable, and results up to 1977 have been reviewed (7). More
recently, a study in eastern Africa (11) showed yield responses in spite
of the presence of indigenous rhizobia. Rese,.ch in England (21) reported
maximum nodulation, nitrogen fixation, and plant growth with inocula
tion. In El Salvador, inoculant effects on yield and nodulation were de
pendent on plant growth and location (17).

Nitrogen fertilization of beans has produced variable effects on sym
biosis. Inhibition of nodulation has been observed when nitrate concen
tration is greater than 27 p/m (14) whereas optinium nodulation and 
yields have been produ,'ed with inoculation and 40 kg1.h- of applied N
(12). MoIeSt "starter'" mlounts are considered to pl)omote nodulation (7).
Field trial." with supplcrnelitad N have ilem :ri ted that the N derived 
from N fixation can h,. hut is not always, a Ii iting1 fact,01 to :a.Xmu1) 
yields (6, 10, 19). 

The :oet.hold of i oculation can1 ilfl)(,It;lllt IIIo11he an fact or. oraluras,
the granular inocu;lat form produced sigvnifi't; tly higher vi,lds than the 
pellet form (2). Yielhs from inroculated treat.i ults were similar to those 
obtained with 60 or 200 kg N/ha.

The objective of this experiment was to eUValua'w the inoculation effect 
in bean responses to nodulation, N fixation, recovery of inoculant strains,
and yields. In order to assess factol s affecting this" practice, treatum nts 
of applied N and diflereit inoculation methods were included. 

MATERIAILS ANI) MET11ItIUS
 
The experiment was conlucte( 
 in field plots at the Lajas Research 

and Development Center of the University of Puerto Rico. The soil was 
a Fraternidad series. (Udic Chromusterts) with the following laboratory
analysis (0 to 20 cm soil depth): pHt 6.A; 10 p m [); 231 pim K; 3344 p/m
Ca; 619 p/n Mg; and 2.97% organic matter. The background population
of Rhizobinpin was 1.7 x 101:/g dry soil, as determined by the most proba
ble number technique (MPN) (22). Four-rv)w plots 6.1 m long were used 
with 0.6 m between rows. 
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Seeds of cultivar "Arroyo I oro No. 1" were planted at a population 
density of 167,000,m at a seed spacing of 0. 1m. At 39 (V5 growth stage) 
and 56 (IN g-rowth stage) days after lantihg ()AP) measurements of 
nodule number and dry weight, plant top dry weight, acetylene reduc
tion, and % N were taken from 5 plants at the end of a center row in 
each plot. Nodules were dried At 90' C for 24 hours, and plants were 
dried until a constant dry weight was obtained. The % N was determined 
by the micro-Kjeldahl method with a Te.'cator model 1002 Kjeltec Sys
tem:'. Acetylene reduction activity for I hour was recorded by a gas 
chromatograph, with a Perli:ng-Elnmer model Sigma 4B with a Poropak 
N column at 600 C. Serological idenitification of no(lules was done by the 
micro-agglutination techni:que (22) with )reptare(d antisera for strains 
127K141, 127K121), 127K17, and UPIRM 6000. At 78 DAP', the 2 center 
rows were hary'ested for seed yield, ';(, protein, and total protein. For 
the duration of the experiment (I)ecember to March), all plots received 
sprinkler irrigation and manual weedling. 

The experimental treatiments consisted of a 2 >. 2 factorial combina
tion of N fertilization antn inoculation method. The two levels of N a)plied 
at planting as ainmoni:um sullate were 0 and 20 kg N/ha The inoculation 
methods al)plield At )lanting were powder (rate: 15(1) g/-15.5 kg of seed) 
and granular (rate: 5; kgla [Ipat, and each provided 18 x 10'' rhlizobia/g 
of inocalmnt, as by MIN. wtere supplied byhtrmiicd The inoculants 
Nitragin Sales (' w p. and contained strains 127K,1-1 and 127K12b. The 
experimeint ilclul(,d a Cont mol treat ment which received neither inocula
tion nor N fertilizer, m(l 'aN , tratntment which received 100 kg N/ha as 
ammionum sulfate at pliatimli, ;(d no inoculation. All [plots received 100 
kg P/ha as triple stilei)hlislphate. 

The six treatments were arranged in a randomized complete block 
design with four rel)lications. The measured variables were statistically 
analyzed in an AN()VA. The means of the treatments were 2ohil)areal 
with the Duncan's Multijhe Range Test at the 51.( probability level of 
significance. In addition. an- ANOVA, without the lata of the N+ treat
ment, was performed to compare orthogonal contrasts of N fertilization 
and inoculation. The results of serology were analyzed by a chi-;quare 
test for count (lata at the 5(; probability level of significance; the strain 

distribution of the control treatment was the expected outcome. Correla
tions were calculated for all the measured variables. 

'Trade names in this publicatio; are seud only to provide specific informatiol. lention 

of a trade name do, not constitute a warranty Of equipment or materials by the Agricul

tural Experiment Station of the University :f Puerto Rico, nor is this mention a statement 
of preference over other equipment or materials. 
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A. 
TA I1.- I .-- rtirrowl conItraststI.ri,a,crlati,,I tI//t.N (1) andmVfiertilizer (N) and the F test br nodulation, acetylene reductionactivity (ARA) C'. 

and priait qrrth (it two qgronth stqrs (V5 and R4), and seed yield of Pihawseolus vulgaris L. 

N.111h. N(Aule Plat top Specific Seed ,._ 

weight rImnrI.r %Nht Frot. n Total ARA ARA yield 3 

(rrtt V5 V - V5 44 V55i. R4 V5 R4 V5 R4 

..............................-
- - sigificanc .......------------------------
I NS NS NS NS NS NS NS NS NS NS NS NS NS NS 
lpvsIg N S N'S NS NS NS NS NS NS NS NS NS NS NS NS 
NO vs NgO NS NS NS NS NS NS NS NS NS NS NS NS NS t 
Ix N NS NS NS NS NS NS NS NS NS NS NS NS NS 2c 

B NS * NS NS NS NS NS NS NS NS NS > 

'I = Response to inoculation; Ip vs Ig Response to powder compared to granular inoculation; No vs N2 0 = Response to 0 compared to L) 

20 kg N ha-i; I vs N = Response to inoculation method x N fertilizer interaction. 
** - Significant at the 0.05 and 0.01 levels, respectively; NS Non-significant at the 0.05 level. 

0n 
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RESULTS AND I)ISCUSSION 

There was an inoculation response of nodule number at R compared 
to the control, and the interaction effect was significant for both nodule 
number at R4 (table 1). The greatest nodule number at R-1 was produced 
by peat inoculation and granular imoculation with 20 kg N/ha. Positive 
conelation between nodule weight and number were signifivant only at 
R4 (table 2). 

The observed nodulation Of the control treatment, a reflection of the 
background population of rhizoia, fell within ye required range of 103 

to 10' rhizobia/g for abundant nodulation (22), '1nerefore, it is noteworthy 
that a significant inoculation response of nodule nuLber It t14 was ob
served even with athigh rhizohial population. The lack of nodulation inhi
bition by the N ! treatment did not agree with a pre vious study (16), 
which ebserved inhibition with 50 kg Niha. The lack of a "starter" N 
reslonsc, on nodulat ion also did not agree with I)r'evious results (7). Nodu
lation differences between iitouLiation methods were not obtained which 
diffred with a st udy of soybeans (1S) in Puerto Rico, vhere granular 
inceulation sigpifieantly increased mnodulation compared to l)owder and 
liquid inoculations.Mean nodule nun ibe r averaged over treatments (table 
3) decreased 301 from V5 to R-1 which differeld with a study (1, where 
maximum nodule number was found at 56 and 63 DAI', and agreed with 
a report (5) of maximum lodule numblaert 21 days after emergene. 

TAMBLE 2.-C 'r, lati, ,, M 'iv'ufs ,mmirll obNer'rc, d1)(1ca 1 t,'rs fit t'( ,/ (r1ths al's (V5 
t ,l 1/4 ) aut/h rl' Iat Iha.'elus vulgaris 1. 

I'orre, tien' 

P'arameters' V'5 RI arv,(st 

Nodule number an islUlh' %keight 0.;29 i.9 * 

Nodule number and 1plnt tall weight 0.101I -I. 75-1 
Nodule number and total A l ,A 0.52i 0. I 
Nodule number and specific AK'A -I. .:;
Nodule numher and :tecd %'i,,d ().,NYi" -4k1.2 
Nodule weight and plant p weight i. ;.(,. 
Nodule weight aod total A I/A (.hi0 * 

Nodule weight and specific A lA 0.;99 0. 1S3i 
Nodule weight and seed Yield 0. ,,l9 -4).151 
PHant top weight aid jlnt ; protein 0.i.to*1 0.913-
Plant top weight and ..., .viI 01.751 0.61l 
Total ARIA nd .,litii AlI 0.793 oj.5!6 

Total AlA and sued yield 0.S53" 0.019 
Specific AlA and seed yii.hi 0,33) 0.27, 
Seed yield and seed G,protein 0.212 
Seed vield and total seed proteill 0.981" 

ARA = Acetylene reduction activity. 
" ** = Signifiicant at 0.05 aond 0.01 levels, respectively (Icarson',, r' correlations). 
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TABLE 3.-Effect of inoculation (I) and nitrogen (,V) on Phaseolus vulgaris L. liodulation 
(it to growth stages an(S, 4)d 

Nodule number Ndule dry weight
Treatment h. 
 V5\S 
 14 

..... ,VuVirowllIdal ------. mplant ------

tp and N-(0 29.60 a' 9.50 1, 17.26 a 9.78 a
lp and NO 25.25a 
 3..5 a 20.).2a 25.67a
Ig and NO 21.090 a 2).15 a 14.IS;a 20;.8a
Ig and NO 29.85 a I. lUb 12.'i7 1S.19 aControl 28.8) a 1-.85 0 22. 7s a 19.49 a
N -l- 37.95 a 18s.65 ) 26.438, 19.4 ) aNI wl 2 ' s, 120. 12 1,. IS1.95 

Ip, Ig = Powder and granular inoculation>, rt.,tcctiv I ) oand 2) kg N/ha,resp.milvt,l; Control = Nt iiioculatio and no N fr-tilizer: N . 100 kg N ha, and no
iIIocI I .;tiiI'
k.
 

IMcmi. followed by ole or 111(1'k-ltters ill t.un)InI I o t differ sigjlificaltlY at the 5%

level by lDunci'an's, :oltipl ralange tte.t.
 

N + treatment :roduced greater plhint top weight 1111 total protein at

V5 (table -1)In addition, the orthogonal class contrasts (table 1) indicated
 
a significant "starter' reslittse of plant top weight and total protein at
V5. These results demonstrated that N derived from N fixation was alimiting factor to plant growth at V5 and the need for supplemental N.
Similar treatment respol, es of plant to'" weight and total protein reflected their positive correlation at both V5 and R-I (table 2). The lack of
significant effects 
on ' N dcnmOnstrotol that 110ither inoculation nor N
fertilization affects ne "; N of dry beans. 

lAIt .: -l.- i cl iot oI loid ti, (It , li,,, 11.10,/tr lrt zatio, (.Y ,n ;uphinlhpldry it-ight, 
.'" , aild (t 1 /o I qnmti, tof tl ' .1ta"lI'., (l'.; mii1', J il l'hase'oltls v'lgaris I. 

p driy e%%,-it Nlr n Tt'l protein
 

Treatment, 
 V5 I V l V5 14 
t-
- -- ; ~ ' -- .. - -... ..- . .. .
 -... oq:liid ,t ....-

I ) and N._,O 2.:12 h-' G..l. a 2. a 2.11 a 37:3.00 b 10:39.25 a1I) and N() 1.t90) 8.25:t 2.6 1 ;t 2.51; a 293.50 b 5 19.50 a
Ig and N.) 2.19 b 3.0(2 a 2 
 2.-h a 352.50 b -175.50 aIgand No) 1.:1; ) .1.11 a 2.12a 2.56 a 212.5010 7 01.25 aControl L. I) :107a 2.51 it 2.; a 325.25) 601.50 a
N4 3.:38a 0.15 a 21 a 2.32 a 624.75 a 8I.25 aMeaun 2.15 -1.56 25 19 363.58 704.54


111, I= 
 Powder and granular inoculations, respectivelv; No, N.,O = 0 and 20 kg Nha,
resltct ivtly; Control z No illoculation andI no N fertilizer: N- = 10o) kg N ha, and no 
inloculatioln. 

-Means followed by one or more letters ill common do not differ significantly at the 5% 
level by Duncan's multiple range test. 

TiU 
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Bean nitrogen fixation was measured by the rates of total (per plant) 
and specific (per g nodule) acetylene reduction. Table I shows the lack 
of sig-nificant effects of inoculation or N fertilization on N fixation at both 
V5 and R4. A significant positive correlation between nodule %%,eightand 
total acetylene reduction was foiund for both V5 and R-, in agreement 
with previous result. (13). The miean rate of total acetylene reduction 
averaged over treatments was greater at V5 than at RI- (120 vs. 56 
nmoles/plant/hr) which agreed with two l)revious stu(lies (20,21) that 
obtained maximum activity at flowering initiation or 56 DAP. Specific 
activity also decreased from V5 to RI1 (11.6G vs. 1.43 nioles/g/h), in 
agreement with a teious study (S), and was attributed to the realloca
tion of the photosynthate supply in the bean plant from llodule to the 1)od 
sink (luring re)rodUctionl. 

The N + treatment tiro(llhctM a greater seed yield and total protein 
thall the otll" treatli nts (table 5). The positive N response (em
onstrated that N fixation did not provide sufficient N for maximum 
yiehs, in agr,imi.t with other studies which obtained maximum seed 
production with high sup plemeutal N (3,4). There was a significant corre
lation between n dule weight and seed yield at V5 (table 2). Inoculation 
and N fertilizaition dil nut affect the lprotein content of beans. Previous 
results (15) reported Jno relationship betwee'n an observed lositive inocu
lation resplmnse of ndulatioll and the final seed % N. The two granular 
inoculation treatl lents produced( Yields Similar to the two l)owe(r illocn
lation treat nlwlts. 

Nodule (vt'11' j11.1scouli 5train s difftered fir tihe exxl-i(ilettal 
treattmejits. At lit); V5 and I11 of, thw iljuculationI'-l treatients. except 
grtnular in(culatti;, without N at V5, produced greater recovery of the 
intculart strains (Iti,. Gii. ThP prCsence of inOculant st iJlls in the control 

AmIl 5.--i: ' ' ,f w , htiti', (I) aml nil, -'/,' .'rt/li ,tin (A') ,,lt Yi,d, prtein per-I,' 

"l'r*at r~ht'Yi,.d n-,m "l'.a pr,,t.-II 

A'.,ha ky ha 

Il and NA,) 14611 i 21.Sa :31,1 h 
I1and N( 1-19:) 22.11 a 2;:2 b 
Ig and N,) 1101 23.2;6a 274 1) 
Ig antd NO 12.i I 21.29 a 272 h 
('I 1-,)l 1351 1 21.67 a 298( 

N , I( a 2:3.04 a -125 a 
MCrM 117'5 22.09 320 

Ip, Ig = Peat anil granular ino(ulaItI.tS, rtsNicctimcly; NO, N,.O I0and 210kg Nha, 
respectively; (ontrol Ntu inoculation and no N fertilizer; N+ 100 kg N/aia, and n; 
imiulation. 

-Means folIh wed,t yi trot ino lehtters in comoun; do not differ significa ntly at tibe 5r, 
level by Du lncn's 1n1u1 tile raulge tist, 
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treatmrhent indicated that these strains were introduced in previous bean

i or that some the native strainsreacted withthe t tinaitisera The coinbined results of a significant inoculation response ofreduced nodulation by native strains (e.g., UPRM 6000) compared to: the;
control, and a lack of'significant inoculation responses of yield and 	N

pfliation thecomnparddto ontrol (table 1) indicated tha inol ular and- ji~ntve stralnsw~i u-'6I7fEy' nniif ghtlighted the 'needatto con~,sider the role'of,the host genotype on N fixation, 
The nodulation distributions indicated that the native strains formed7the largest percentage of nodules, whereas 127K44 was 	the most comn

petitive of the inoculant strains. In order to obtain further inoculationbenefits, it is recommended that more 'competitive and effective R. 
phseoli strains be selected for. future experiments. Studies are underway to evaluate the potential 'ofdifferent bean cultivars for N fixation.
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