
Selection Among Early Generation Peanut Progeny for Enhanced Nitrogen Fixation1 
S. Arrendell, J. C. Wynne", G. H. Elkan and T. J. Schneeweis' 

ABSTRACT 

Recurrent selection provides an established methodology for 
host improvement which should be applicable to increasing N, 
fixation. This study was conducted to evaluate response to 
three cycles of phenotypic selection for fresh plant weight, 
nodule number and dry weight, and acetylene reduction when 
individual peanut (Arachis hypogaea L.) plants were evaluated 
in the greenhouse using a mixture of four Bradyrhizobium 
strains as inoculum. The F, generation derived from a single 
cross, Florigiant x CES 101, constituted the base population. 
In each of three cycles the 20 superior individuals were 
selected and randomly intermated to generate the subsequent 
cycle for selection. The 20 selections from each cycle were 
bulked and evaluated with the original parents in two 
greenhouse trials to evaluate response to selection. No variabil- 
ity for fresh plant weight, nodule number or dry weight, or 
acetylene reduction was detected among cycles. Realized 
heritability estimates were 0.0120.02, 0.05+0.03, -0.06-+0.06, 
and 0.3120.32 for fresh plant weight, nodule number, nodule 
dry weight, and acetylene reduction, respectively. Agronomic 
traits of the same entries were evaluated in one field study. No 
variability for these traits was detected among cycles. Insuffi- 
cient control of environmental variation was suggested as a pos- 
sible cause of lack of response to selection. 

Key Words: Arachis hypogaea L., Bradyrhizobium, recur- 
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Recurrent selection encompasses such a variety of 
breeding procedures that the only common aspect is the 
cyclical process of selecting and recombining superior 
individuals. Population improvement per se or popula- 
tion improvement prior to extraction of inbred lines 
may be the goal. In either case, improvement via in- 
creased frequency of favorable alleles is sought while 
maintaining genetic variability in the population. 

Recurrent selection methods may be divided into two 
types: phenotypic and genotypic (35). Phenotypic recur- 
rent selection includes all recurrent selection methods 
in which the phenotype of the selection unit is the basis 
of selection. Control of microclimatic variation is essen- 
tial to the success of a phenotypic recurrent selection 
procedure (16). 

Although first proposed for use in cross-pollinated 
crops, recurrent selection has been extended to use in 
self-pollinators. The number of pollinations required 
during the recombination phase and the length of time 
between cycles were inititally seen as obstacles to its 
use in self-pollinators. Compton (14) suggested a proce- 
dure incorporating single seed descent to maintain 
maximum variability while allowing a manageable 
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number of hybridizations. Wynne (43) suggested an 
adaptation of Compton's procedure which was used suc- 
cessfully to increase yield in peanut (Arachis hypogaea 
L.) (30). When available, male sterility may be manipu- 
lated to reduce the labor required to intermate selec- 
tions (8,17). 

Use of recurrent selection procedures in autogamous 
species appears to be successful although the conclusion 
may be biased by the tendency to publish positive 
rather than negative results (35). Successful recurrent 
selection programs have been reported for the following 
self-pollinated crops: barley (Hordeum vulgare L.) (13), 
common bean (Phaseolus vulgaris L.) (40), cotton (Gos- 
sypium hirsutum L.) (29), peanut (18,30), oats (Avena 
sativa L.) (24,34), soybean [Glycine max (L.) Merrill] 
(7,10,1 I, 23,28,37,38,42), tobacco (Nicotiana tabacum 
L.) (19,26), and wheat (Triticum aestivum L.) 
(5,12,13,25,27). 

This paper reports the results of phenotypic recurrent 
selection for enhanced nitrogen fixation in peanut. The 
objectives of this study were to a) measure response to 
three cycles of phenotypic recurrent selection when 
selection for increased fresh plant weight, nodule 
number and dry weight, and acetylene reduction was 
practiced; b) estimate realized heritability for each of 
these traits; and c) evaluate the correlated response of 
selected agronomic traits. 

Materials and Methods 
The peanut cultivars Florigiant and CES 101 were chosen as par- 

ents because of their differing N,-fixing abilities (1). F, seed resulting 
from this single cross were planted 9 May 1980 at the Central Crops 
Research Station, Clayton, NC. Two hundred resulting F, seed 
formed the base population (C,) for this study. The F individuals and 
the original parents were screened in the greengouse at North 
Carolina State University, Raleigh, NC. Seed were germinated in 
sterile vermiculite. When radicles had emerged approximately 1-2 
cm, seeds were transplanted to modified Leonard jars (45) and inocu- 
lated. At planting, the reservoir of each jar was filled with approxi- 
mately 500 mL of a nutrient solution containing Bond's salt mixture 
and micronutrients (9). 

Inoculum consisted of a mixture of four Bradyrhizobium strains: 
TAL1000, CB756, 3G4b20, and 176A22. Strains had been chosen for 
good performance on a variety of peanut cultivars. To prepare the in- 
oculum, each strain was grown separately in yeast extract mannitol 
broth (33) to approximately stationary phase. Immediately prior to in- 
oculation, equal volumes of each strain were mixed thoroughly. Each 
seed was then drenched with 10 mL of inoculum and covered with the 
planting medium. Plants were grown for approximately 60 days. 
Deionized water was added to the reservoir as needed. 

At harvest, roots were detached at the hypocotyl and placed in glass 
jars for the measurement of acetylene reduction (22). After extraction 
of gas samples, nodules were removed from individual roots by hand, 
counted, dried, and weighed. Also at harvest, fresh plant weight 
(excluding roots) was measured. Vegetative cuttings were then taken 
from each plant and placed under intermittent mist in a sand bench 
to allow rooting. 

Selection of individual genotypes from the base population was 
based on a principal components analysis using the correlation matrix 
for the following traits: fresh plant weight, nodule number and dry 
weight, and acetylene reduction. The first principal component as- 
signed approximately equal weightings to each of the four variables 
and accounted for approximately 70% of the total variability in the 
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base population. Single trait selection based on a simple ranking of a 
given trait would have been possible, but the single trait which would 
have been most effective in improving the overall N,-fixing ability of 
the plant was unclear. The best combination of traits, based on 
phenotypic values, was indicated by the first principal component. 
Thus, the first principal component score was used as the selection 
criterion. The 200 individuals in the base population were partitioned 
into two sets (e.g., 100 Leonard jars per set). Ten individuals per set 
were selected. 

Cuttings from the selected individuals (parents of C,) were then 
used to generate 100 randomly paired matings. Each individual was 
used as a male five times and as a female five times. Five crosses failed 
to produce seed; thus, 95 F, constituted the next cycle for selection 
(C,). Evaluation of C, proceeded as described above with one excep- 
tion. Individuals in C, were partitioned into five sets of 19 individuals. 
CES 101 was added to each set as a check. Fresh plant weight, nodule 
number and dry weight, and acetylene reduction observations were 
expressed as deviations from set means. These deviations were then 
used in the principal components analysis. Cuttings of the 20 indi- 
viduals selected on the basis of the first principal component score 
(parents of C,) were randomly intermated with the restriction of no 
half-sib matings. One hundred progeny from these matings consti- 
tuted the final cycle of selection, C,. This cycle was evaluated in the 
greenhouse, and 20 individuals (parents of C,) were selected following 
the procedure outlined for C,. 

Realized herjtability estimates for each trait were obtained by re- 
gressing cumulative response on cumulative selection differential (21). 
In each base population observations were expressed as devitations 
from the mean of CES 101, then realized heritability estimates and 
their standard errors were calculated. 

Parents of C,, C , and C, were evaluated in field and greenhouse 
studies to assess sefection response. To insure adequate seed number 
and similar seed age and quality, selfed seed from each selection was 
increased in a winter nursery in Thailand. An equal number of seed 
from each parent was bulked within each cycle. This bulked seed- 
representing parents of C,, C,, and C,-was used to evaluate prog- 
ress from selection. 

Five entries (Florigiant, CES 101, and bulked parents of C,, C,, 
and C,) were evaluated in the greenhouse using modified Leonard 
jars. Preparation of inoculum and the inoculation procedure were the 
same as that used during the selection process. Entries were 
evaluated in two separate tests. The first test was planted September 
1984 and the second, May 1985. Each test was planted as a ran- 
domized complete block design with 12 replications. Each plot con- 
sisted of four Leonard jars. Each test was analyzed separately. Data 
were then combined over tests. In the combined analysis, test and re- 
plications were considered random effects, and entries were consi- 
dered h e d  effects. 

Agronomic performance of the five entries was evaluated in 1985 at 
the Peanut Belt Research Station, Lewiston, NC and the Upper 
Coastal Plain Research Station, Rocky Mount, NC. A randomized 
complete block design with 10 replications was used at each location. 
Each plot consisted of two 28-seed rows with 25.4 cm within row and 
91 cm between row spacings. Planting and harvesting dates were 12 
May and 10 October, respectively, at Lewiston and 14 May and 25 
September, respectively, at Rocky Mount. After plot yield was mea- 
sured, fruit length (cm), fruit weight (g), seed weight (g), and seed 
count were obtained from a 20-pod sample drawn at random from 
each plot. These variables were used to calculate seed size (100 times 
the ratio of seed weight to seed count) and meat content (100 times 
the ratio of seed weight to h i t  weight). 

Data from the field studies were combined over locations. Entries 
were considered fixed effects. All other factors were considered ran- 
dom effects. A log transformation of yield was used to correct 
heterogeneity of error variances. 

Results and Discussion 
The range of phenotypic values measured in each 

cycle and the selection differentials are presented in 
Table 1. Selection did not increase mean fresh plant 
weight, mean nodule number, mean nodule dry weight, 
or mean acetylene reduction. Significant variability (a 
= 0.05) among cycles was not detected for any of these 

traits (Table 2). Lack of response was again indicated by 
the regression coefficients (Table 2). The regression 
coefficient for each trait was not significantly different 
from zero indicating selection had failed to increase the 
mean of any of the four traits. 

Table 1. Range of means and selection differentials for three cycles 
of selection. 

Fresh Nodule Acetylene 
weight reduced (C H4 

we $ ~ n ~ g  number (9) plant-lhr-P) 

Selection differentials: 
12.4 80.6 .1194 9.09 
36.9 92.5 .lo54 9.53 
16.2 84.6 .0447 5.31 

cO 
C1 

........................................................................ 
Co means: 

Unselected 4.2-79.3 20-378 .0434-. 541 5 0-34.4 
Selected 41.0-74.6 188-378 .2944-.5415 11.5-34.4 

C1 means: 
Unselected 37.1-185.7 66-481 .0924-1.0678 3.6-55.4 
Selected 87.7-185.7 198-481 .1899-1.0678 19.5-55.4 

C2 means: 
0-49.5 

Selected 92-134.2 264-481 .3025-.5342 14.1-49.5 
0-. 5342 0-481 0-134.2 Unselected 

Table 2. Means of three cycles of selection, midparent mean, and re- 
sponse to selection. 

Group 
Traits under selectiona 

Fresh Nodule Nodule Acetylene 
plant number weight reduced (vmoles 

weight (9) (9) C2H4 plant-1 hr-1) 

Mi dparent 94.4 220.6 0.310 17.5 
Parents of: 

83.6 219.6 0.287 16.3 
91.2 225.1 0.298 16.3 
85.7 219.4 0.284 15.6 

NS NS NS 
c: 

Variabi 1 i ty among cycles 

SE (b) 1.9 5.3 0.006 0.4 

NS 
b 1.1 -0.1 -0.001 -0.3 

aMeans were based on two greenhouse tests each with 12 replications 
and four plants/plot. 

Varying levels of relationship between characters in- 
dicative of nitrogen fixation and yield have been re- 
ported for peanuts (2,31). Response to selection for in- 
creased nitrogen fixation might be expected to alter 
yield and related characters in populations where a posi- 
tive correlation exists. In this population no variability 
among cycles (a = 0.05) was detected for mean fruit 
length or weight, mean seed weight, count or size, 
mean meat content, or mean yield (Table 3). A corre- 
lated response to selection was not expected in light of 
lack of response to direct selection. 

In two separate studies, nonadditive effects have 
been associated with N, fixation. Isleib et d. (22) re- 
ported significant specific combining. abilities (SCA) 
which accounted for more variability than general com- 
bining abilities for nodule number and dry weight and 
plant dry weight. Maternal effects were also important. 
Phillips et al. (36) reported significant SCA effects for 
plant dry weight and significant GCA effects for nodule 
number and weight, plant dry weight, and nitrogenase 
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Table 3. Means of three cycles of selection, midparent mean, and 
correlated response to selection. 

Group 

Agronomic trai tsa 
Fruit Fruit Seed ,"E;R, :k?z Meat Yield 
length wt wt (#/20 (g/lOO content (cm) (9) (9) pods) seed) (%) (kg/ha)b 

Midparent 62.5 37.1 28.0 39.3 71.1 75.9 2952.7 
Parents o f :  

60.9 34.1 25.7 38.3 67.2 76.0 2077.0 
60.1 34.4 26.0 38.5 67.7 75.9 2212.6 
58.9 31.9 24.6 39.5 62.7 77.3 2363.5 

3 
c: 

Var i a b i  1 i ty 
among cycles NS NS NS NS NS NS NS 

'Means of the agronomic traits are based on 20 observations (two 

bThe log transformation of yield was used in the analysis and 
locations, 10 replicates/location). 

tests o f  significance. 
s i mpl i c i ty . The untransformed means are presented here for 

activity. With the presence of SCA or maternal effects, 
little correlation between early and late generation per- 
formance would be expected. Two generations of selfing 
occurred between selection of parents from the base 
populations and evaluation of parental bulks in the 
study reported here. Dissipation of nonadditive effects 
could have occurred during these two generations of in- 
breeding. To assess whether apparent lack of progress 
as measured in the parental bulks could be attributed to 
dissipation of nonadditive effects, realized heritability 
estimates were obtained from the base populations, C,, 
C,, and C,. Realized heritability estimates for nodule 
number and dry weight and fresh plant weight were 
small (Table 4). The estimate for acetylene reduction 
was moderate but no larger than its associated standard 
error. The lack of response measured in the parental 
bulks cannot be associated with the inbreeding process. 
Neither parental bulks nor the base populations indi- 
cated a gain. It is doubtful, therefore, that nonadditive 
effects alone were responsible for the lack of response. 

Table 4. Estimates of realized heritability. 

~~ 

Fresh p lant  weight ( 9 )  0.01 0.02 
Nodule number 0.05 0.03 

Nodule weight ( 9 )  -0.06 0.06 
0.32 Acetylene reduction (pmoles C2H4 plant-  1 1  hr- ) 0.31 

Improvement via recurrent selection is dependent on 
increasing the frequency of favorable alleles in the 
population. To do this, adequate genetic variability 
must exist and genetically superior individuals must be 
identified. A population of late generation lines gener- 
ated from the cross of Florigiant and CES 101 re- 
sponded to selection for high and low acetylene reduc- 
tion (1). Significant correlated responses for nodule 
number and dry plant weight were also reported. Lack 
of selection response in this early generation population 
generated from the same single cross could have been 
due, therefore, to a large environmental variance rather 
than a lack of genetic variance. Selection in later gener- 

ation allows for replication of lines within an environ- 
ment and testing in more than one environment. 
Heritability is, therefore, increased due to a more accu- 
rate measure of the individual's genetic capacity. Breed- 
ing methods utilizing segregating populations of lines 
have been suggested as appropriate for enhancement of 
N, furation of self-pollinators (4,44). 

Multi-trait selection is expected to be less effective 
than single trait selection. Selection on the first princi- 
pal component score is expected to generate slow gains 
relative to selection on a given trait. Little initial re- 
sponse may be associated with multi-trait selection, al- 
though some response would be expected after three 
cycles if selection were effective. No response and no 
indication of a trend toward a response was measured. 
It seems unlikely, therefore, that selection on the prin- 
cipal component score was the reason for lack of re- 
sponse. 

Host variability for fixation has been well de- 
monstrated in peanuts (1,15,22,32,36). Significant SCA 
effects (22,36) and maternal effects (22) have been re- 
ported. When lines were replicated and tested in more 
than one environment, heritabilities tended to be mod- 
erate to high (1,2). Selection for increased N, fixation 
has been successful in peanut (3) and bean (4); however, 
in each of these cases population structure allowed re- 
plication of the selection unit. Phenotypic recurrent 
selection for N, fixation has been successful in alfalfa 
when plants were selected and evaluated in the 
greenhouse (39,41) but ineffective when selections were 
evaluated in the field (6,20). 

Selection for increased plant weight, nodule number 
and dry weight, and acetylene reduction was not suc- 
cessful in this population. Failure, ifdue to insufficient 
control of environmental variation, supports the recom- 
mendation of other researchers (4,44). Population struc- 
ture should allow for replication of the selection unit 
when the breeding objective is increased N, fixation. 
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