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SUMM1A1R0 

lost plant gctctics of N, fixat ion itt the cowpea ( ui,,aguwigtuhoa (1L.) NVAI.. -- RhLizohiun symbiosis 
was :n1csti'atcd in tbe Ield with a mixed strain inoculum and in the greenhouse with a single strain inocu
mure.Five cm pea genotypes, inucluding "II-Brown (',,,,\ dcr' and "13usb Purple IILiull'. were used to ge crate 

p1opulations for genetic sludics. l)ialte analysis ',:ral combining ability (G('A). specific combining 
ability S(A) and reciprocal effects was carried o, be N2 fixation variablcs nit':genase activity, nodule 
1t11'b11r, nodulie wight. and lop dry weight, in the ;,ld sLudy. ( itnaclioln ncall analysis and heritability 
estinlals werc perfomlcd in the g.cenhouse popalatioi MhicI included P, (It-lBrown Cromder'). P ('L-
Bush Porl-,lc I Ill') . I1 1:. tt'i. andF "(2.Posilive and ,iunilicant corrClations wyere observed belwCen 
nhm ioditlC \\uiglht nd lodulC itumuber. (CorrTCLaion coefficictlls betcwcn top dryrogenise ac lvit\ aid bothI 
-.\Lighl and the other 3 \ariahlcs \wee il,t "iihcant. Estiiates of S('A were highly siguttcant for all 
varial;Is except to dry glt . \\!tile those oi G('A were signifhat only for nodule \\eight. Generati 
t'teat alalysis rveale flh:tt addit rll.en or1101e tlall donl and itlterallelicgecee act ion \wis1 prntint nati1ce 

action for tJodulC nil,., cr and ittrogemase tcti~ity. while t1. opposite was trite for nc dole weight ind 
top dry weig,. Narrow cnis heritabil it,, est iates weeit oderatey higilh for noduleI' iltbr (0.55) antd 
nitrogmmase a,tiv:ty (10.62). a:Ld his' for IloditlC weight (0.79) aMid top dry weight (0. 17). 

IN1 ttOl)UCrTON 

Cowpeas, because of their drought tolera nce, are an important proeinacious crop 
throughout the semiarid regions of the world (FAO, 1981, PAT".SON & BL.A'CKIIURST, 
1958). Like many members of the Leguminosae, cowpeas possess the ability to fix 
N. duc to a unique symbiotic relationship with certaiti soil-borne bacteria of the genus 
Rhiwobium. Symbiotic N, fix-tiion depends on the interaction among the host plant, 
microbial svmbiont and enviroriumclt. Both partners of the association are subject 
to genletic variation. While consideratble effort has been expended on study ofthe bacte
rial aspects of' the symbiosis, surprisingly little has been expended on the host plant 
component. 

Infcection of the root hairs is the first sten in the host plant -Rhi-obut interaction, 

Texts Agrictflttlritl Experiment Station Technical Article 20385. Resca clh sUpportel itt part by a grant 
uitdcr USAI D PASA A(iiIA 13610-9-76 (USI)A-CS ,S-701 - 15-59).
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which results in effective N, fixation. Failure of infection in the presence of normally
effective Rhi:o/ium strains is controlled by the host planit and cau:;es non-nodulation. 
Non-nodulating plts have been observed in several legume species and are usually 
determined by recessive genes (GoRnmr & BURTON, 1979; Hoi.i., 1975: NUTMAN, 1949; 
WIAI.AMS & LYNCH, 1953). In addition. foilowing infection and nodula tion, there can 
be lailure leading to ineffectiveness at any of the subsequmnt developmental stages 
in this complex process. Ineffective N, fixation following ,lodulation has also been 
reported in several legumes. Genetic investigations have shown this trait to be con
trolled by dominant (CALHMIA\ I 1966: Vsi 1970; VESr & CALIDWEL., 1972). recessive 
(Hoi.t., 1975: NiurA, 1954: NIJfrIAN, 1957: NUTMAN, 1968: PiTERSON & BARNE.S, 
1981 ),and modifying (Gnsm, 1969: NUrMAN, 1957) host gcnes. 

Once effective nodUlation has been achieved, quantitative differences in N, fixation 
efficiency can still exist. This variation is evidence for genetic con t,ol of the trait and 
has beet, rported in several grain legumes ml,iluding IFicia.fhibaL. (broad bean) (EL,
Si IIFEEINY et al., 1977). Pi.;um sp. (field pea) (Hol-i. & LARUI, 1975), Phasco/us itdgaris 
L. (common bean) (GRAHAM & ROSAS. 1977; GiRAHAM. 1979: WIEsr.INIANN & KO.AR. 
1978). IlU/cim'nu.v (L.) MinIzi.i. (soybean) (WA(CK& BlII.i.. 1976), and Ilignautngiu
culta (L.) WAI.T.(cowpea) (ZARY & M LIiA,. 1980: ZARtY ct al., 1978). Although non
nodulation and ineffectiveness are of intercst in the ,udV of' N, fixation per se, it 
is this third a rca of (tuantitative differences in eflficiency that offers the greatest oppor-
tunity for development of'superior N, fixing cultivars. The genetics of these quantita
tive differences is not as well understood as that of non-nodula tion and ineffctiveness. 
Theref'ore. the identification and understandine of the host plant genetics of these 
diflfeielnes in imperative 1 :fore effective breeding for enhanced N2 fixation in cowvpea 
can occur. Thus, the principal objective of this investigation was to study the inheri
tance and determine the heritability of quantitativc differences in the ability ofcowpea 
genotypes to hJx atmospheric N. with the ultimate goal of increasing vegetable protein 
and yield in cowpea by developiag superior N, fixing cultivars. 

MATERIAI.S AND METIOl)S 

Field.tlid' using mi.l.d strai! ioctum.Five cow pca !1enotypes, 'H-Brown Crowder', 
'H-Calico Crowder'. 'H-Knucklc Purple Hull', 'L-Bush PuLPlc Hull', and 'L-TX460', 
representing a broad range of' horticultural types and previously idcntified for their 
high (1H) or low (L.) N, fixing potential (ZARY et al., 1978) were crossed in a 5 x 
5 reciprocal diallel mating design. Populations compiising 5 parents, 10 F, and 10 
rtciprocals were included in the genetic analysis. 

Pklnting of' the populations took place in M:iy. 1979 on well worked, moist 5 in 
long ploLs. The soil type was a Luf'kin fine sandy loam (Vertic Albaqualf: fine, Mont
morillonitic. thermic). with a pil of 6.7. Fertilizer was applied in a picplant band 
10 cm below the soil surflace at a rate of 45 kg/ha of' 0-46-0. Trifluri'liii (2.6-dinitro
N.N-dipropyl-4-[trifLromlethl]benzenamine) was also applied at a rate of' 1.2 I/ha
preplant. All seeds were hand planted 45 cm apart within rows, I in apart, inoculated 
with a commerical mixed strain of rhizobia (32H 1,1501B I,II Z2. 176A22, & 32Z3)
and then covered with sterile sand to insure prompt and uniform emergence. Irrigation 
wits provided as needed by overhead sprinklers. The statistical design was a riando
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mized complete block with 5 replications. 
At 44 days after planting, 4 plants from each plot were decapitated, the roots were 

carefully dug and the following N, fixation variables were measured: nitrogenase activ
ity of the nodules by the C2 H, -- C2 H4 reduction assay as described by ZARY Ct al. 
(1978), nodule number/plant, nodule weight/plant, and top dry weight/plant. Plot 
means were computed from these 4 plants and used in tile analysis. Diallel analysis 
for general combining ability (GCA), specific combining ability (SCA) and reciprocal 
effects was carried out using Griffing's method 1, fixed model (GRI.FIN(, 1956) on 
log transformed values. 

(reenhott,' esIw.; g singhu strainin'ulum. i-I-Brown Crowder' and L- Bush Purplestudi' 
Hull' \\'ere u:;ed to generate F, and F ' (reciprocal) hybrids, F,. BC1. and BC. popula1 
tions. Seven populations, including tile 2 parents. were grown in tile greenhouse in 
tile tll of 1980. The experimental design was a randomized block with 4 replicates
wIhere each replicate contained 5 plants of P,, P,, F,. and F1', 20 plants of BC, and 
BC2 and 60 plants of F2 . 

Plants were grown in 3.7 I black plastic pots in a greenhluse, at a temperature 
of 25 + 5 C. Potting nedi limcontained equal amounts of sand and vermiculitC (v/v)
and was steam sterilized at 82 C for 2 11.Seeds were surlIacc sterilized with 6", sodium 
hypochloritc. At planting, 2g of peat-based cowpea single strain 321-11 inoculunI were 
used and pots were watered with N free nutrient so!lu0tion. At 6 weeks after planting, 
all plants were decapitated and those variables described in the field study were mea
sured. Population mean. variancc. and standard error were computed for all 4 N2 
fixation variables. 

Genetic atr'aisis.The generation mean analysis of' MATHEIR & JINKS (1971) was usedtor each trait. 

GAMBLEi'S (1962) notation was used in defining the parameters. 
inl midparont value 
a = pooled additive effects 
d = pooled dominance effects 

aa = pooled additve x additive effects 
ad = pooled add;t'e x dominance effects digenic interaction terms 
dd = pooled dominance x dominance effects 

Expectations of the generation means using GA\MB~LEm's (1962) notations are as follows: 
P, (high parent) = :n + a + aa 
P2 (low parent) =in - a + aa 
F, =nm + d + dd 
F I1 12d + l/4dd 
13 = in i- l/2a + 1/2d + l/4aa + 1/4ad -- l/4dd 
B2 = in - l/2a + 1/2d+ 1/4aa - l/4ad + I/4dd
First, a 3 parameter model, consisting of in. a, and d was tested for all 4 traits, and 
these parameters were estimated by the weighted least square rne!iod described by
Row. & ALEXANnER (1980). The weighting factor, reciprocal of the variance of the 
means, not only accounted for the unequal sample size, but also standardized tile 
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dfferences in magnitude in the residual SS caused by differences in units. Expected 
generation means were estimated by threc-parancter inodels in which epistasis was 
disregarded. TcG test the adequacy of the model, the residual SS was tested for goodness 
of fit using Z2 (4) 

Secondly, a six-parameter model, which includeI aa, dd, and ad, digenic interactions 
terms, in addition to m, a, and d, vas also tested using the weighted least :quare meth
od. Based on these 2 models, the magnitude and the sign of each genetic component 
was estimated. 
Lstihiation o/f th v criom.p'eOnle/Its. The components of gc netic variance of these 

4 N, fixation traits were estimated by the inclusive method of MATiirR & JINKS (1977). 
This method consists of setting the equations ofexpcctation equal to the corresponding 
observed variances and solving by least squares for idditive variance (D), dominance 
variance (H) and environmental variance ( E. The equations of expectation were: 
(a-PI + o-P2 , + 2 

1::1 + &Fl1', = 4F 
a2 F, = 11/2D + I/4H + 1 
0-2BC, + .2BC, = li2D + 11/21- + 2E 
where: 
U'A- additive genetic variance = I1 2D 
a2D - dominance genetic variance = 1/41-1 
U2-E- environmental variance = FE 
Because this model assumes no significant digenic interaction, the analysis was carried 
out on log transformed values io eliminate the possibility of these interactions. 

RE.SULTS AND DISCUSSION 

Fiel stludy 

The gcnotypes selected for this investigation had been previously subjected to vigorous 
study (ZARY et al.. 1978; Z,,RY & Mi.L.-it, 1980). Upon collection of field data, parental 
populations were subjected to analysis of' variance to test sinilarities to previously 
established patterns (ZARY & MHALAmit. 1980). Distinct separation between H and L 
fixing genotypes was observed C'or nitrogenase activity (i-tmoles C2 H4/plant/h) and 
nodule weight (g/)root) (Table I). Dry weight of' plant tops at 44 days after planting; 
however, bore little relation to fixation ability, ind'-ating that another factor such 
as photosynthetic efficicncy was affecting N, fixation rates. Nodule number wias not 
a consistent indicator ofnitrogenase activity suggesting that nodule weight was more 
critical in affecting rate of' fixation than absolute number of nodules. These results 
can be interpreted as confirmation that differences do exist t-etween these host plant 
genotypes for nitrogenase activity. 

Correhtion coe. 'icientsfir variou, N.fixation variables at flowering. Among the par
ents used in this study, positive and significant correlations were observed between 
nitrogenase activity and both nodule weight (0.56) and nodule number (0.39) (Table 
2). A significant correlation was also observed between nodule weight and number 
(0.54). These results confirmed that nitrogenase activity, among these parental cowpea 
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Table I. Nitrogenase ac, vity. nodule number, nodule weight and plant dry weight, Fir tie 5 parental geno
typ-s used in the field study. 

Genoiype Nitrogenase aclivity Nodule Nodule Plant 
(lunoles C2-1 4 /plan 11)ii nunber weight (ry weight 

(n urn .heriplanl)Ig'Iloot) (g/plant lop) 

Il-Brown Crowder 43.7a1 80.011 1.35a 63.5ab 
H-Calico Crowder 41.4a 66.4b 1.06b 58.81 
II-Knuckle Purple lull 
L-TX 460 

40.9a 
14.3b 

57.81b 
63.9b 

1.30a 
0.62c 

74.2a 
74.6a 

L-Bush Purple I lull 3.4c 34.7c 0.30d 57.5b 

IMean sep ration iIi col it its by I) u ca n's Mu IIip1e Range Test. 5 , level. 

genotypes, iscontrolled in large par: by the plant's ability to form large, efficient nod
tiles and not by its ability to form vegetative ratter. loweve,, the correhition coeffi
cients between top dry weight and the othet 3N, fixation variables were not significant,
suggesting that top dry weight/plant at the time of flowering is not a good indicator 
of N, fixation potential. 

Anadt'sisf.or combi.'ing ahilitl. Results frotn analysis for GCA and SCA using F, data,
including parents, is presented in Table 3. Specific combining ability estimates were 
highly significant for all characters analyzed except dry weight of plant tops, while 
GCA estimates were not signiticanl except for nodule weight. No reciprocal effects 
were indicated by this analysis. These results suggest that SCA is a very important
factor contributing to enhanced N, fixation ill these popItlations. However, it must 
be remembered that interaction of specific cowpea genotypes with I or more separate
rhizobial strains was occuring in thli ficid study. Such apparent doninance (the signifi
cance ofSCA) may be the reflection oft large interaction compotnent. The only excep
tion to this pattern vas nodlc weight where GCA and SCA were both significant.
These results indicated that genetic studies using mixed strain inoculunI are very com
plex and probably give ambiguous inrtu-1rationl on gene action involved in N2 fixation. 

Greeiihottsesilll 
The high N2 fixing, indeterminate patent, 'Brown Crowder', produced harger and more 

Table 2. Correlations aniong N2 fixation variables ill flowering [or the parents used in tihe field Stidy. 

Index Nirogenase activity Dry weight Nodulc weighl Nodule nubner 
(11utohs C 114 plant/It (g, plant top) (groot) (itumber/planill 

Nitrogenase aclivity 0.14 0.56 * * 1.39 * * 
(pilloles CA 14,planit I) 
Dry weight 0.23 0. 11 
(g'plant top) 
Nodule weight 0.54** 
(g/root) 
Nodule number 
(number/plant) 

** Significant at the I%,level. 
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Table 3. Estimated mean squares for general (GCA)and specific (SCA) combining ability and reciprocal 
differences from a 5 - parent reciprocal diallelcross, including parents. 

Source df Nitrogenase activity Dry weight Noduleweight Nodule number 
(himoles ('114 pla1nt h (g plant top) (g/rool) (numbheriplant) 

Blocks 4 (.o0019 0.00721 0.00631 01.00194 
GCA 4 0.011033 0.02197 0.2 1085** 0.02309 
SCA 5 
 0.0)655" 0.01372 0.26224* 0.22954**
 
Reciprocal 101 0).)0002 1.00516 
 0.05306 11.11178
 
Error 112 .100025 1.15144 0.07121 11.05191
 

** Signilicanl at the I"',lcel.
 

active nodules than the ;ow fixing, determinate parent, "Bush Purple HuIll' (Table 4): 
however, *Bush Purple lHull' produced more nodules than did 'Brown Crowder'. This 
indicated that nodule size reflects N, fixation potential more than does number of 
nodules. and supports oLr earlier correlation among variables. At the time ot' flower
ing, 'Brown Crowder" produccd more dry matter than 'Bush Purplc Hull'. The ob
served dilferences between the F, hybrid and the reciprocal F, were not found to be 
statistically significant for any of the 4 N, fixation variables. Hleterosis, over the mid
parent value. was evident for all 4 traits: however, in the case of nodule weight and 
top dry weight. 1:means were higher than theigh p,rent. This suggests the involve-
Inent of a strong dominance gene action for these traits. ExceFpt for nodule number, 
the means of both BC populations were lower than those of'the I:1.The C"means 
were intermcdi:tte between both parelital and BC populations: but lower than those 
of the Fl. These results suggest that. for nodutile r)umber and nitrogenase activity. addi
live genes contribute more than dominance genes. whereas the opposite is true 'or 
the other two traits. 

,(Iditir'C-domlnht~'(, (thr'e-pwar'un'r nowdb. The three-paralneter model (MATHIER 
& JINKS, 1977) includes Il. the Iflid-parent valtic. [a] additive component and [d] dom
inance component. where: in = the mean of'all possible hontozygotes. irrespective 
of all loci ai which there are allelic differences: [a] = net direclional effect of additive 

Table 4. Population size(w icaii ml,and \arialcesr,2) for N2 fixation \ariables lnired. 

icner- N Nodule numlbcr Nodule \\eiglht Nilrogna ,eacli\ it\ Top dv \weight 
ation (niiniber plant) (Og plantl) (molcs (2114 tg plant ) 

N 2 ' pI+nt hi)
N a
 N a 2 

x (T

1:, 211 21 35 311 51)57 5.74 2.2) 9.83 3.05 
P2 210 40 73 252 462S 2.13 1.54 5.97 1.24 
Ft 20 34 SI 38)) 2s53 4.68 2.74 11.18 3.64 
I-'' 2) 38 ty9 355 3667 4.100) 2.66 11.79 2.08 
BC NO 32 97 331 7S59 4.63 3.43 111.75 6.26 
BC12 S) 41 Is, 283 6644 3.85 2.72 9.39 4.15 
F: 241 34 219 311 9247 4.34 4.57 9.31 3.96 

Brown Crowder: 21 uAhi Purple Ifull:' Reciprocal FI hybrids 
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gene action: [d] = net directional effect ofdoniinance gene aclion. The three-parameter

model assmres that genes involved are independent of each other, o! the magnitude

of tile ep~static gene effects are negligible. when compared to additive and dominance
 
effects. i"ddifion, the relative niagnit ide ot'different kinds ofgene actio1 and interac
tion cannot he inferred from estimates of tile genetic components ([vlAl'1I & JINKS,

1977). Therd!ore, the net directional effects are all that can be reliably inferred from

estiimtes ha.,,.'d on generation 
mean analysis. However, by using the joint-scaling test 
on several pu, 1l10ions. the adequacy of the additive dominance models can be tested. 

Results of 1; int-scaling tests, based on the additive dominance model for tile
4 N, fixation ,arial es. arecgiven in Tahle 5. Tie adtitive donii nance model is adequatefor nodule numbcr aind nitrogenase activity, but not for nodie weight or top dry 
\\eight.With nodu e ntcbiIher, hoth tie net aidditivc andi]dolimn;inc elfects weie ,ositive

and of tle same order of magn.;ude. This indicated that alleles which increase nodule
 
nurnber are more importanlt tlhna those which decrease nodtile i7umber. 
 For nitrogen
ase acti vity, tile net clTect of Ihe addi'iVe comr ponent was positive and the frequency

ohll poi
Sive Ind negative alleles \vas approximately elual.
 

Hasech on tihe oil-scaling test and the resulling Y2 stastistic 
a significant interallelic 
interaction wls ionund to influence nodule weight and top irv weight. In addition,
the net dirctilonal effect ofchominant genes was positive and relatively larger in magni
tide than net additive gele action.
 

T1b e5. (i c Iic p;1iInlete* esI irnia Ies I'M N ( I/iotln Irais tLISinIt e joiiI-scI llg teIL based olt ilic itllree 
pl l t.Illode. 

(eetici ' Nodule number Nodule \'.eight Niiroelllase aci ilv iTop dry weigi
 
plamnlicLr (inumlnber plaul 
 pllnlo
I(ling (ttllolcs ( 114Iplutnih) (g plant 

i 3(1.8S 1.17' 27(1.16 + 14.57 3.1 -1(.Is 7.78 + 0.44
 
(i4t1 9,71) 1.24 17.51 + 16.97 
 1.7) 0.18 1.64 - ().49 
(d) (,.IS2.08s2. 13 + 23.35 0.86 4-0.33 3.65 + 0.78
 
/ 4 5. 1 11.12* 4.91 -10.75
 

SitandardclI ol-1 tihe esilluluie.
 
**'.Sitild ic al;I 5" and I"l.rciiccti\cl.
 

"Tble 6. ( ictneic p;airu lcliercsiu. tes I6r N, Iixtiionl ils using tile utlint-scalin sixlest based ol tihe 
paIramelter motdel.
 

(hi.lic Nodule nullr Nodule %eiglt Niltogellse iciirv~l Top dry weJgli
pralnel-r (nullber olailll (Illgplanlt (1utttutCs ('114 plall 111 (g phi ) 
Iil 21.1n* + 9).90 21)1.5* + 3.7 475* + .41 .31*± 011 

).70* 1± 28.6* + 15.3 1.85* +1.34 I.0 1.35* 0,_53
wl) 38.5 0 4- 28.05 17.3 -239.5 I.I)"_ 1.21 6.16* + 1.11
(.1,1) 900) 9.98 16.6 + 82.A ,(.86* 4- (.40) 3.02* + 1.11
Iliad) 0(.50 9.15 152.1" 4- 81.8 2.14* _+((4) 3.28* - ( .55
Iddl 2390 + IV 56 881.1)4- 158.4 0.86 4-0.l0 5.65* + 2.19 

1.34 1.92 0.12 (.52 

Sianld, rd errol"r ofihe eslimu . 
SSignlificatl ai tile 5""level. 
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Table 7. Joint-scaling tests on log transforncd data based on the three-parameter model and genetic para
meter estimation for N, fixation traits. 

Genetic Nodule number Nodutile weight Nitrogenase activity Top dry weight 
parameter (number plpla ig plat)1p1a1h1) (pmoles C1l14 (g/phllt) 

iil 1.43" + 0.02' 2.43* + 0.02 0.52** + 0.02 0.89* ± 0.03 
(Ui I 0.14* + .02 01.03 + 0.02 0.22* ± 0.02 0.09' + 0.03 
(d) 0.)1* + 0.(13 0.(13* + 0.03 0.12* + 0.03 0.15* 4 0.04 

z (41 0.34 C.72 0.32 1.67 

Standard error oft lie estimate. 

* Silniticant aIthe 5", Ic\ el. 

Si.,-larumetermodel. Results of the joint-scaling test, based on the six-parameter mo
del. are presented in Table 6. In addition to in, [a], and [d], 3 digenic interaction compo
nents. [aal. [ad]. and [dd]. are also included. The Z wiesvaI indicated that the six
parameter model gave a very good fit and thal significant digenic interactions exist 
for nodule weight and 1iitrogenase activity. The magnitude of epistatic components 
does not express the relativ', importaince of' each type of' gene action, however, only 
[d] and [dd] retlect the net direction of' the gene action and interaction. Thus, only 
these 2 components are u, ed to classifly the predominaunt type of epistasis (MArII-R 

& JINKS. 1977). 1or nodule n'unber and top dry weight. the [d] component was positive, 
but the [ddl component was negative. This indicates thai the positive alleles were domi
nant and tihe epistatic gene act ion was duplicate (NI Al It, & JIN!KS. 1977). For nodule 
weiglht and nitrocnase activi' th.(e ma gniiitude of' the [d] and [dd] components was 
not statistically significant. The lad] component was the major di,.nic epistatic compo
nent. 

'I'arialt'e(oIlnpol itll'i amllhriuabililv eimaol. s. ('alcullkion of' variance Components 

and heritability estimates as proposed b' MA Ili t & lINKS ( 1977) assumes no epistatic 
interaction. In the prese nce of significan' epistasis. hW estliota tes are biased. MA-rtIF.R
& lINKS (1977) suggested that a log transf'ormation might reduce the epislalic gene 

action. and that I1-estimates on lo transf'ormed data would be unbiased. 
Results of the joint scaling tests on log transl'ormcd data f(or the additive dominance 

model are given in Table 7. Non-significant : 1.1 values indicated that log ti anslornia
tion signifiican tlv red uced the epistatic cooltrihution. especially f'or nodutle weight and 
top diry weight. Therefc're. h- estimation on log trantsfroned data did provide unbiased 

Table 8. Variance Co:mponents and lcritabilil\ estimation oi lo.' raliSI'orliiied data for the N, fixation 
trats. 

Variance conmiponient Nodule iumber Nodule 'il 	 Nitrogenasc Top dry w\eight 
acti 'ity 

Addilive ariatice (D) 01.133 0.((1S 0.074 0.114 
)oninance \ arian,:e I1I 0.002 0.126 0.1116 0(.017 

Elvirotniental variance) FE) 0.113 0.008 11.181 0.005 
Deiree ol'dominancc ( II1)) (0.27) 1.2110 0(.470 2.1(110 
Narrow sense heritability (h2 1.551) 1.391 (0.621 0.17) 
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112estimates. 
The results of the variance Components and h- estimates are given in Table 8. For

nodule number and nitrogenase activity. dominance variance was smaller than the
additive variance. Therefore, the average degree of doni nai e was small, while h' 
was moderately high. For nodule weight and top dry weight. the dominance variance 
was larger than the additive variance. Therefore, the average degree of dominance 
was very high and h&was Moderately low. This explains why significant heterosis was 
expressed I'r nodule weight and top dry weight. 

( ()N(IAgSI(UN 

Inhei lance stidies of N . fixation traits using mixed strain inoculim produced ambigu
otis iesiIts. Ho\ever. the Use ofa single strain overcame this ambiguity antId provided
useftil estimates. Higher heritabilily estimates for inodule number and nitrogenase ac
;ivity suggest that breeding for enhmced N, fixation in co\wpca :ould be t;iore elfeCtivL
1v carried out using a single. efficient rhizobial strain. 
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