
HowriScIENCi 21(o):1345-1348. 1986. A split-plot dcsign with three blocks was _: 
used. Two levels of inoculation, no inocu
lation and iroculation with rhizobia, and five 
cowpea cultivars, for a total of 10 treatmentInt ction ae t i iz i gcombiations were allocated to main Piots E,Inoculation and Fertilizer Nitrogen in within each block. The three high (H) >and 

utwoo (L N2-fixing. indeterminate cow-Fve pea Cu vars 	 pea cultivns used were 'H-California Black- i
eye No. 5', 1H-Brown Crowder'. 'H-

George Ci. Fernandez' and J. Creighton Miller, r,.2 Tennessee White Crowder', 'l-La.dy', and 
Department of HorticlturalSciences, Texas A &M University, CL-Mississippi Silver (25). Fou split plots r 

were allocated With four fertilizer N levels,
Stationt, TX 77843 
 0,1.4, kgbha size w.s 4 28, ald 84 I.PlotAdditional index words. Vigna unttict/ata, 	N? tixation. nitrate nitrogen. harvest index, x I ain.Shoot dry matter and percentage of 
seed yield, liola,,s yield N of the nonnodulating so~ bean isoline 'Lee', 

grown without ferilizer N and harvested at
Abstract. Rhizobial inoculation with Colnniiercial cowipea 'lV' mixed strain hoocillalnt seven weeks, were used to mlei:sure plan',
as conpared to noninoclilat ion, and effect:i of' ilrlevels (0, 14, 28. and 84 kg.ha -i) available N in the soil. 
of fertilizer N ((aNO3-15.5% NI on yield and N, fixation Conmponent; in cowl-ca [Vigna Random soil samples takcn b'efore plant- m 
tinguicuata (I.) W~alp.I were investigated in a field study. Plants were gi'oVj on a in and anay/ed by the l'cxas A&NI, Soil 2
vertic alhaqualf, fine, nmontnorillonific, thernial soil with a pl l'6.7. Three high (I) Testing Laboratorv indicated that extractable > 
and two low H) N,-fixing, indeterminate cov pea cultiva-s, 'l-California Biackeve No. levels of N. 1), and K were 6, 10, and 100 r 
5', '1I-Brown Crowder', 'll-Tennessee While ('rowder', 'L-Lady', and 'I-Mississippi ppm, respectively, in the 15- to 30-cl depth. . " 
Silver', were used. In inocilated plants, N, lixation was signilkantly reduced v itll Prior t) plantin . Ca)(NOI) 2 (!5.5N-OP-0K) 
inc 'easing N level ;. Although high-Elxiag culli ars produced more and larger nodules was bande by hand, incorporated to a dpth < 
and expressed higher niiri genase activitytIItan tile low fixers, .Io significanit diffe'rences of 12 cm, and I iliht in'igi:ti l apolied. Three 
in top dry weight and total N/plant were of':erved between these i!roti)s at tle time of seeds pet hill were planted :!i 15-cnii Spacing. 
flowering. Seed yhd was greater in rhizobia-inocuated plants than in tlie nn inocui- wit!! 99 cin eaweei row Two weeks after 
hated, funligate(' controls. A significant linear increase in seed yield was observed with ei,.r'eme plaints wee thinned to one plant/ 
increasing N levels iii file noninoeulated, lu niigated conrols. The addition of fertilizer hill and a population of 67 .500 plants/ha was 
N to cowpeas inoculated nt planting did not increase seed yield. In highli-iing cultivars, estiablished. Seeds in tlie inioculati i treat-
N2 fixation did no. direcfly influence seed yiel, but increaset iegetative matter was oe nts were inoculated at planting with a peat
prodceed. Seed aind bioniass yield were iifllieiiel by N, Iimxati n il low-fixing eultivars. hare cd,pca 'IL' inixed strain inocuiant 

(10l cclls!g) (The Nitragin Co., Milwat-

Seed vield of covlsea, a poplar Ifood 
L1mill and cowipa (71. Although cowpea syinbiot- kee. Wi.I. The olots were sprinkler-ir-i

leeuiie in several parl ofI'tile wld. IS Ch- icall y Ii xes N,. it has been ii rt-omnended gated is needed. Weed control was not 
crally lowcr than thol ofLcCrea!s (91. NiirontCn practice to fertilize cowpea with N (I1,?01). practiced. sincc luiigation effectively con
(N) deficieclC . a1tlmmon problemi a, soci-	 Il Texas, reports indicated that eowpea tiolled seeds'. 
ated with Iro~pical >~i~, <1- rirestict the showed little yield respcse to N fertilizer Seve n weeks alter planting, when the ni
expressin of the genetic Nicld potclitial of application above 20 kr-ha 19). Addition trogenasc activity vas high (24), two plants 
.:0\iowe cuilli\li'rS. ir,csliation, NO, lertilizers up to fron each plot \lcrc harvested anditlh N,Nuticroii, of, incroasino, levels oi 
on i., ,'ffct of combined N INI'l and 2(0 ki-ha iad alladverse' effcc ol N, fix- fixation \ariablc.. nilrogenase activity by 
NO, I il nodulaatill tl oion bot ld l\k-lixinc Cha\C dClniitriCd hat ill high- cuhivars I,-.,-C1.1 assay. (25), noduIC mtilbern and
 
ialxin:tiil symnbiotic fixation is a soci:,tcd t14). dry w"eight per plant, and dry weight and
 
with crow ilhnieiaLICficiCIt ini coniiiled N .\ltihoug the iilci . -hationships between N, percentage of N of ileplhit tps, were inea
14, 17. 23 I-ligh lec ls ffertilizer N were fixation and seed yield inSoybean have ecen sured. Twelve weeks after pl anting, a 3-in
 
itund to reduce inot hair inlctlion 0. 16. . studied extcnsiely (2. 6). this mubject has sanpic of plants wvas cut at tileSoil level and
 
nodule ntutber (3). itoduic criomh 12 I Ili- nit been thoroughlv investigated in field- the yield comtiponellts. nutber of plants in 
trocenarse activit\ il0), atnd the tnal :iiotit grown ctowlea. 'I' effiicyn, \%itl which 3-in plot. redi and dry ( 70'C) weight of 
.if bioloct1aully fixed N (I). Tie tiaililillC bit)iogically fixed and Icrtilizur N are coil- plat tops. ,i.d seed yield p,.rplot (air-dried)
 
of inlibiti on wis influeliced by plan ' vprsed into Seed yiel is dependen c uI \-Ce incasLtired. Harvest index (seed yield/
 

I), I..I 25 ciii' vi'ar A i N, fixatot.i, bioiass yield) was derived ftor tbesc dita-.
S genilvpe (10, . S0c'anli and cnvironmnc it (8). o. 
(18), strain oflRhi'It imI , 8). ind the lornis transliication of N, ailldseed productioti arC In order to satisfy normality assunptions, 
of N fertilizer (4). cIctiic iOf ituerrelalCd tIl:it liedataS effctsCHCCl;Ip- pilCninena should be Stud- were t ansforimed to ciiher loglo or 
plied N on N, fixation wht it'low level,, f N ied sinilttallusly. ThCrCfire, (lie objltiv Stltare root and ,vere aiilyzed Iy mlillivar-

SovbCitt (/i, ,timr-) iiterac-were also reporitcd il (i 	 oft'ihis stidy was to invcsiiate the iateand univariate ,ainalysis of variance. The 
tii n inoculationiand N Icc elIsN, diffcreticces alniong treatrneiitsbetween o 	 were tested by 

Rccied for putliticaiioi 1.5 .'[cuN \g-	 fixation and Seed aid io:aS l1d in ci iv- c;I) u sti IL the Boilfc;roni criterion forJuly 1085<q tt ie a test 
niculturil Fixcr;iti SNitiin frchittical Article piea. overall sicnificance. which takes into ac
20236. RI-,arch supplitcd i pri by USAIl)- A liCId Study was cotili ted al College Coln tle ntilIher Of tests perfioritted on tlhe 
. jRS/AII, tINF grant 82-CSRS-5-it2tit. We thatnk Station. Icxas in iiiiier 19S2 otl i Veitic dtia. The treatilnict! ncans were retrans-

R4.Sttart Sith, Applied Dcvheliiili Manager. alblatualf', tie tontmorillmnitic, therimal s )il ftreil to the original scale as repoted hereiin. 
The Nitragin Comtlpaniy, Miluikec. Wis., lfur at pH 6.7. Ili Ilfrit to eliiinate thc ati, o 13cC.auSe inultiple Illeasilretients were taken 
providing ile inocilanit uieI in this study. The rhizobia, lhe experiniental site was IFroi- Iroii each experinlettai unit, dala were aina
cost ottpublishing paper was cated inllefilyl (a i. Iyzed by u sin lltivariale analysis varlthi, deiraycd in (ant wil bromide - 101; ) of 
by the Ptyitent uflpauge charges. U ider polttla) Ie til kg'aI. of in IMANOVA)notels. The NIANOVA436 Enumeratii rhitzobia iantce 
ulaions, this pat- eieforendite (lie soilbehicrh\ marked experimntal at dilereit IlCa;tliS test Statistics indicated that all 3 main efadate stdti olrek itiicatts fat
l( raduilt_ Pro:,,ent :Asianl 	 1, (lie most probable numlber (-PNii) thod inoculation (1), and fersitudein atddres Vegec-	 fccts, cultivar (C). 

table Research I1 Center. P.O. (22) was hoth beforc aind tilizer were 
Box 42, Sititlhua. I ainan 741. Taiwai.RIepulic aitr timigation. The native rhizobial pop- the 0.0001;% level. Ilowever, anlong tle in
of China. uiatioilttwas reduced from 101)0 cells/g of soil teractions, only x IY as significant at tle 

2Professor. to aloiist zero as a result of 'uinigation. 0.05%, level. All other two-factor interac

itt lV ef.pIItt'it 	 imiade two weeks N levels (F) highly significatit at 
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Table I. Cultivar nicans for N, fixation variables seven ,eeksi after p!antng ,rd yield variables at harvest, 12 weeks after p!anting. 

Shoot 
Nodule Nitrogenase dry' weight Seed Bioma.,s 

Nodule wt activity (g/planl) N yield yield tLarvest 
Cultivar (to./plant) (g/plant) (jmol .'2h4/plant per hour) at flowering (.) (kgha 1) (kg ha -1) index 

California 
Blackeye No. 5 57 al 0.81 a 64.2 a 36.5 a 4.0 a 1604 a i90 a 0.22 b 

Browa Croder 33 be 0.67 h 43.3 b 32.0 a 3.9 a 11(4 h 5122 a 0.17 c 
Tennessee White 

Crowder 37 b 0.59 b 38.1 b 25.2 b 4.2 a 1406 a 4302 b 0.24 ab 
Lady 29 c 0.46 c 38.0 b 29.8 ah 4.0 a 1570 a 4727 b 0.26 a 
Mississippi 

Silver 17 d 0.34 d 23.8 L 32.4 a 3.8 a 1510 a 4336 b 0,26 a 
Non-noJulaing 

soybean --- --- --- 18.5 4.0 ......... 

'Means separated by i.st), P = 5X . using the Botfferroni criterion. 
indication of plant available N in the soil. 
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Fig. I. The interaction bet\een rhizobial inoculat oi and four levels of fertilizer N tkgha ) on N_, fixation variables Iperccntage 
of N (A), nodule number/inlant (Il) nodule eight (o/plant) (C). nitrogenase aclivity (11r1ol C4l.1/plant per hour) ())1 in field
grown cowpea, .hele C = control and 1 inoculation. 

tions ( x C and C : U) and the three-factor cance of linear and quadraltic effects of for- cl,. IHigh-fixing cultivars, California Black
interaction ([ x C x ',) were not signifi- tilizer levels was also tested. eye No. 5. B: iwn Crowder, and Trennessec 
cant. Hnce, trc, mtent conmparisons were Nfi.atiot variabs. Because the C x F White Crowder, produced more and larger 
carried mutFor cultivars ano fertilizer levels interaction was not significant, the cullivir nodules than the low-fixing cultivars. Lady 
within inoculation treatments. The signifi- means were computed across fertilizer lev- and Mississippi Silver, in the inoculated, zero
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Fig. 2. '[he interaction bem een thizobial inoculation and 'ur levels of fertilizer N (kg'ha I) on yield variables [shoot dry weight 

at llowering (g'plant) (A), ed yield (kgha 1) (11).vcgcative dry weight at maturity (kg-ha-I) (C), harvest index (D)j in field 
grown cowpca. where C = contol and I = inoculation. 

fertilizer N treatlment (Table 1). California 
Blackeyc No. 5' showed the higlest nitro-
genase activity. even when compared to the 
other two high- -i xi g cui vars. Shoot dry 
weight of the non-nodul atin, stoybean was 
low, confirmine the low levels of soil N and 
indicati ng tile negligibh cItribution of soil 
N to plant growth. IHwe ver, the low-fixing.c 
cultivars produced shot dry weight and total 
N similar to thiat prOtduced byI the high fixers 
(Table I ). This indicated that differential re-
spouses i N, fix atio n measurcmets, i.e.. 
noduhation and nitro'ge nase activity at the lite 
of flowering, were not ieI ated to slttiot dry 
weight and total N content of the plant. 

Similarly. poor correlation betwecit N, 
fixatioi nteasurements aid shoot dr" wei cligt 
or total N content, the product of shoot dry 
weight and percent N (If the tissue, in cow-
pea at ltvcring has beenItcported it fi,:H 
studies ( 14, 15). thtwevI, in this study, the 
percentage of N in the tissue was, in lIost 
cases, less variable than shoot dry weight 
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amon, cultivars and trcatmelits (Table I; Fiis. 
I and 2). Similar results have also been re-
ported in other legumes (12. 13). Shoot dlry 
weight is influenced primarily by several 
morphological, phyviiological, and nutri 
tional aspects of plait growth and develop-
ntent. Therefore . the dirct impact of N, 
fixation (in shlot dir' weight was not evident 
in cowpea at the iie of Iloweri g: however, 
the beneficial effects of N, fixation onl seed 
yield were expressed at maturity. Variatitn 
in Iocation. se:,stn, and experimental error 
might also Contribute substantially to the lack 
of correlatiou hetween N, ftsation and total 
N content it cowlpea. 

Thc interactiois between rhizolial inoc-
ulatiton and four fertilizer N levels ol N, 
fixation variables are illustrated in Fig. I. 
Because tile initeractions between cultivar and 
tt other t ftactors. inocuttion and fertil-
izer levels, were not significant, the reported 
mean values of inoculation and fertilizer lev-
els were averaged across cultivars. '[le in-

fluenlCe of increasing fertilizer level- was 
tested for linear and quadratic effects in both 
control and inoculation treinment:,. 

The results indicated that with zero N ter
tilizer, rhizobial i lOCLi lation significantly in
creased nodulation, nitrogc.nase activity (Fig. 
I), shoot dry weight at ftowering (Fig. 2), 
and therelore total N. albVe the control 
treatment. The observed niodilation in the 
control treatments was probably due to the 
presence of surviving native rhizobia after 
fumigation. Althot igh 10--30 nodules/plant 
were observed in cortrol plants, their weight 
and nitrogenase activity were proportion
ately lower than those of intoculated lillits. 
This difference indicated that the survivintg 
native rhizobial strains were not as effective 
its the EL' strains for nitrogentase activity, 
probably due to low rhizobial population 
d'nsity. Nodulc number, nodule weight, and 
nitrigenasc activity differed significantly at 
the four fertilizer N treatments. Inoculated 
plants produced more dry matter at flowering 
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I'lan the control treatments only at 0 aid 14 all four N levels. Ir. inoculated plants, ad- 7. liagleshain, A.R.J., S. Hassouna, and R. 
kg'ha-I fertilizer N, and dry matter produc- dition of fertilizer N did not increase seed Seegers. 1983. Fertilizer N effects on N, 
tion was not significantly increased by N Ior- yield over an( above the unlfertili-ed plants. fixation by cowpea and soybean. Agron. J. 
tilization above 20 kg-ha- The rate of increase in seed yield was higher 75:6! -66. 

1 8. Fernandez, (LC.I. ;'nd J.C. Miller, Jr. 1985.Highly significant, negative Iitiear reIa- for tie Iow N levels than the high levels. Yield component analysis in five cowpea 
tionships vere observed for nodulatton vnd Inoculated plants produced significantly cultivars. J. Amer Soc. ltiort. Sci. I10:553
nitrogenase activity with increasiag fertilizer more vegetative dry matter than the controls 5J9. 
N levels in inoculated cowpea. Thus, no -t low N levels (Fig. 2). At high N levels, 1. Food end Agricultire Organizaton, tnited 
svervisttc effects were observed for N, fix- the differences in vegetative,, matt-r produc- Natimis. 1t984. Production year book for 
ation, even at Io., fertilizer N levels (14 tion were ntot significant between control atd 1983. FAO. Rome 
kg'h:' 1). Sinilar findings were also re- inoculation treatments. Although tile effect 1e Gibson, A.ll. 1974. Considerat ion of the 
ported (14) where aiddition o NO l-N re- of ii'ocu!ation was prominently shown in seed le'usais ai, sy mbiot ic association. Indian 
duced N, fiyati,n in hotlh high- and kiw- yield increase, this was not the case for ve- Nall. Sci. Acad. Proc. 401 :741-767. 
fixing cultivars. Howc\er, Faglesliaun cl al. etative growth . -larve:st index (HI) is a ratio I talsey. L.lI. 196,1. !ntluencc of hitrogen

fertiliziati~';i and seed ittoculation levels onl(7) and Dart and WillIn (4) rcprteld that between seed aind biornass yield. Therefore, elsofstern pdiseed s Poinoculati
I-t,41t1 Pr-5.HI is acco mpa nied by at ill- yelds ol southern pels siin75i.low dl bc ticial I art 

effects on owvpea and sotyhe .,. These in- crease it seed yield. '1he HI of inoculated. 12. Iteichel.G.H., I).K. Barnes, and(F. Vance. 
consistencies may lie dtte to diflerertces iti ttlrtIilized plants \was significantly larger that 198 1. Nitrogen fixation of alfalfa in seedling 
soil N levels, different mhods of estiiatitll the cttrol (Fig. 2), because inoculation it-- year. Cr(,p Sei. 21:3311-335. 
aind/or tile use o 4 ' different cultivars, rhizo- creased see:1 yield in these plants. 13 Kremer. R.J. and H.[L. Pelerson. 1983. Field 
bial straitis, and etlVirittilit, In conclosion, seed yield of indetertinate c,'aittiontof .elected Riiohitt in an iii-

Significati. negative, quldratic relation- ctwpeit cultivars was geater in rhilobia-ii- proved leg', e itocut.t Agron. J. 75:139
ships were tibserved (or hoot dryti" tcIlated plants than in the notiinocuiated lu- 143. 

addition of lcv( Is of N e increase in - ..Amer. Soc. Hort. Sci. 75:517-520. 

matter 
harvested at floweringe vith increasing N lev- iticatud control. Addition ol fettilizer N at 14. Miller. I.C.. Jr.. J.S. Set. K.W. Zarv. and 

S.K. O'llaii. 1982. Tle influence of availels (Fig. 2). There wa, :: sharper decline in platting to inoculated cowpea plants did not able nitrate level itigei tixitiot in three 
Iihot fr 'rvmatter \with the addition of N at increase N, fixation or seed yield. Theie- en tivars uf cowpca. Agrot. J. 74:14-18. 

14 kg-ha I than at th higher levels in in- fore. it tmight Ie lorc betieficial to inoculate 15. Millet. I.C., Jr.. K.W. Zar., and G.C.J. 
ocutlated platits. This was because the addi- ctipcas with a suitable ilocUtltni rathtr Ithat I:crnande,. 1 986. Inheritance of N, fixation 
liti ol low levels of let lizer N up to 28 applying costly tertilizer N. A significant cffimctlnc\ in cowpca. Ftuplitica 35:551-5(,A). 
kg-ha I not tpily substantially rcdutcetL N, liniar increase inseed and bionitass yield was I6. Muns, *D N. 1'(6S. Nodulation of Medi
f*xati n. bitt also \ias not adequate for plant obtained with increasin N levels itt tinonin- (il, .itii( InsolutiOn culture: I11.Effects 
growthiaid developnient. IItovever, in con- OCulated pllanti. Nitrogen fixation potential ot nitrate on root fltaits aid infection. Plat1 
trol trealmeln-s, addition of increasing levels of liost gcnotlypcs did not directlv intluence Soill 28:33---17. 

17. Nutman, P.S. 1956. Tle influence of thetof N signif;icntly iceaSd (Irv tmatter rot-t - wed Vti in cosvsti more legune in rof rodule ,Nniiosis. Biol. RIh. 
diuctioi. Therefore. the relat vegetative malter or forage produced Ii 31: 1.tionship hetseti was M9-15 
dry matlet productioi aitd N levels was dc- high-fixing ttan in los\-fixing cultiVars. Al- IS. Pale. J.S. and P.j. )art. !961. Nodulation 
ptident on whether platits \cre inoctulated though ditfferential N2 fixation polential tiitig Atludies il legumites: IV. The influence of in-

Seed and bioma.'.' No significant co\wpea cultivars exists, ilncrreases ill seed yield ocutun strailn and litiie of application ofam
differences ainong cilt,\vars for set yiel id iight lot be realizetd \itholit ati increase in itonium nitrate ott symbiotic response. Plant 
(except 'Brown Crw'der', was observed sin!: potentials Soil 15:329-346. 
(Table I). Althot.gh 'B rown Crow\der' is a, 1t). Paterstn. D.R. and II.T. Illacklitrst. 958. 
lliuh-fixin2 cultivar, its seetl yield was lower ILitermture Cited Soie effects of nitrogen fertilizer and cut
than that of ,ther lihi- antI los-fixiig cul- tivar oil the yield of soutiern peas. TexasAgr l.Sa rg pt)_21 
tivars in this study. Urcwn Crw.der' was ,\los, II.F. atit] W.A' thl e-. 1959. Agr. lixpt. Sta. Prog. Rpt. 2112. 
[llit I''V 'v thre litof' harvest at Retllcertl'.i of s\litic fisation (iv as-tl- 20. Rachie. K.O. and L.M. Rolerts. 197-11.Grainniatutre a 

II weeks, possibly causing th-e low vielt(s. 2. (Tdltldsll. B.I. and G. Vest. 19710. 1tfectS 20:1-132. 
Iti the next seison, sheti seed were liar- of Rhit:obium japonicim stains tl het, 21 Suinmrlield. K.J.. P.J. l)art, P.A. tixley, 
vested fully latured. 'BIrown Crow,der' out- yields. Crop Sci. 10:19- 21 . A.R.J. -laceshani F.R. Minchini. and J.NI. 
yielded all other cultivai. (8). Althtugh this 3. l)al. P.J.- and F.V. Mercer. 1'6(5. The e- t)av. 1977. Nitrogen Iutrition of cotwpea 
response Indicated that N fixtion ptential fect of growth, teiiperature, level of ait- i\i ti itnuicualt: t. Elfects ol'applied ii

nottfuly 
'd 

by tie tile of !lilr able nilrgen. Soil 'ici. 87 :(i1-(i6. Icgumes oft(lie lowland tropics. Adv. Agron. 

of' the cultivars was ilot dirctly related to monitt nitrate, antd light inlensit\, oi tilte ltic; and sytmbittic nitrogen fixition ott 
seed yield, th highl-fixing -'lltitirs, Cali- gri ls hlattdt niodulati ti tLpa Vitun. i- ,riith antI. seed yield, tixpl. Agr. 13:129

foniia Bhtckeve No. 5 :ltit 13rm, t Cttwder, nw.is t'ndl. lx Itask4. AustriI. . Agr. Res. (42. 

, 

generally protducetd mote ii' ss 1itha1 lie 16 321-345. 22. \Weaver. R.W. aid I.R. Frederick. 1972. AI 632145 e )art, P.I. and D.C. Wildt. 1970. Nodu- new technique lor most probable counts oflow-fixitg cultivars (It )IeI. Therelore. the lition and nitrogen fixation by I iit .sititn- rhizobia. 'lant Soil 36:219-222. 
harvest index otf the low-fixiig cultivtars was ..i.d ad 'i jetoroplttrpttrca: The itluiticncc of 23. Wilson. I.W. 1941). The bioclieiistry of 
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