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Increasing Nitrogen Fixation of the Groundnut 
by Strain and Host Selection 

J. C. Wynne, G. H. Elk, ii and T.J. Schneeweis" 

As the cost of nitrogen fertilizer derived froro 

fossil fuels continues to rise, biological nitrogen 

fixatio, will become more important for the 

continued productivity of agricultural crops In 

the mrnedlate fu!ure su,:cessful increases in 

I),ologica nitrogen fixation most likely will 

come from Improvements in the symbiotic 

fixaticn b ,u e ies 
Groundfnuts ,Arachis hpogaea L I. since 

they ara gro ,sn on abou. 18 million hectares in 

8 countr.es should contritbute to the increase 

in dinitrogenfixed Increasesin dinitrogen fixed 

t)' qroUridnuts can t)e accomplished by the 

seiection of more effective strains of Rhzobum 

and or seectiDn of more efficient host plants 

Selection of Effective 
Strains of Rhizobium 

of the cowpeaGroundnuts are a member 
cross-rnoculation group Rhizobia isolated from 

a diverse group of legumes are capable of 

nodulating groundnuls iBurrill and Hansen 

1917; 	 Walker 1928; Carroll 1934; Raju 1936. 
1951; 	 Berenyi 1962.Mostafa a..d Mohmoud 

Rajagupalan and Sadasivan 1964; Doku 1969; 

Gaur et al 1974a) Not all rhizobial strains are 

equally effective in fixing nitrogen in symbiosis 

with grou'dnuts iAllen and Allen 1940; Collin, 

1943. Erdman 1943, Berenyi 1962. Denarie 

1968; 	Vidyasekaran ei al 1973. Dadarvwal el al 
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1974; Weaver 1974) Therefore, effective rhizo

bial strains should be identified and used to 

inoculate groundnuts to ensure an effective 

symbiosis (Erdman 1943; Schiffmann 1961; 
al 1974a;Schiffmann and Lobel 1970; Gaur et 

Lopes et al 1974: Weaver 1974, Burton 1976) 

However, to be useful, effective strains must 

survive in and colonize the soil into which they 

are ,rtroduced. Unfortun-ately many effective 
unaule to survive andstrains have been 
conditions iSchiffmanncolonize under field 

1961;Shimshietil 1967: Schinfmann and Alper 

1968b; Pant ,nd Iswaran 1970; Gaur et al 

1974b; Iswaran and Sen 1974: Kumara Paoet al 

1974) Introduced strins whic,. ,urvive must 

also teableto compete for infection stes on the 

root with less effective native strains Fre

querilly introduced strains are not very corn

petitive (Berenyi 1962: Denarie 1968) 

Significant responses to inoculation with ef

fective strains have largely been restrictee to 

controlled conditions lChomchalow 1971, and 

field experiments on virgin grounanut soils 

(Duggar 1935t'; Collins 1943: Schiffrrann 

1961- Berenyi 1962; Shimshi el al 1967; 
1968;Schiffmann and Alper 1968ab; Denarie 

Burton 1976) When inoculation with effective 

strains has been successful, the result has been 

increased yields of fruit, plant dry matter, noou

lation, percentages of large fruits and seeds, 

and nitrogen content of foliage and seed-

The collection, identification, and use of 

superior strains of rhizobia should be an 

integral part of a groundnut research program. 

Inoculants produced from superior strains speci

fically tailored to the local environment should 

be u .- d where nodiilation is not adequate for 

go,u growth and high yields These inoculants 
should also be used where nodulation appears 

a growh response to nitrogenadequate but 
fertilizer is observed since this suggests that the 

strains producing the nodules may not be effi

cient. 
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Nodule Coadctio , Strain 
Isolation, and Maintenance
Strains of Rhrzobium for groundnuts are man-
tained at several international and national 
centers such as ICHIFIT; USDA. Beltsville,
Maryland, USA. a..d NifTAL. University of
Hawaii. USA Because of thelinited research on 
the rroundnut-Rhizohium symbiesis, only a 
few of the available strains have been tested 
with groundnuts For example the USDA 
Rhitzobiumr culture collection :atalog 1979)
lis:s 16 strains for grouninuLts of which only
four are recomnmended for svrr)iotic effective. 
ness The NfTAL catalog (19781 reconi. 
mends five strains and lists 11 additionalstr,i.is 
that are etfectiv, with groundruls

Because of the iilted number of recor 
mended strains of Rhizohlum and the lack oiknowledge al)ouL their performance in s-,m-
bisiS ,',h ith, groundnut gerruplasni growvh in
North Caro,.na. vve concluded 'hat one of !he
principal goals of Our progran-, shoud bte to 
isolate ant (lentifyeffective rh,'oi tai straims 

ililall, vi'e obtained strains o' rh,zo)uba from 
other researLhers Add ilton.l stairis of 
Rhizontu,i, were isolated ir.:rn noduies col-
lected 4rorn centers of diversit, for the genus 
Arichis n South America The nodules were 
otained from Arachs collecting expeditions 
sponsored t)y IBPGR and ;le t)y ,,' C Gregory
North Carol.na State University, Paleighl an(t 

C E Simpsen Texas A & V Univerity.
StepherivillepAter sampling, the nodules were 
placed in 7 5 ryrl plastic vials containing an.hydrous calcium chloride. covered with acotton 
plug, and mailed to our labolator in North 
Carolina After the nodules were receined from 
South America. they were ehydrated n sterile 
water for 4 hours at 5 C They were then 
aseptically dissected, and a nichrorne wire was 
used to streak some of the tissue on yeast 
extract marnitol ,gar in previously poured petri
plates Cultures were incubated at 28 C and 

exam.'ed daily for raised mucoid colonies typi-

cal of rhizob'a 
 These colonies were restreaked 

until pure cu!tures were obtained Using these 

techniques, 234 bacterial isolates representing

78 germplasm collections were obtained irom

nodules collected in 1976-77 (Tables 1.2) 
 Addi-

tional strains are how 
 being isolated from 

nodules collected 
 in 1979 and the spring of
1980. 

The Rhizobium culture collection is main-
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tamed in screw-capped tubes containing yea!
nmannitol agar and stored at 5 C These culturcare maintained in duplicate with one set bein 

the working collection In addition to ag,
slants, the mother collection is also preserve 
on porcelain beads with silica gel andi 
lvopnlized form These latter two lechnique
limit loss of culture viability with minimal risk c 
mulation or i'ontaiimnatic i Transfers of thi 
Rhizohiumn coilection are provided upon le 
quest to interested iVsliv.alrs Additiora 
cowpea strains from the diverse environmnen 
wnere, groundnuts are qrc wn need to be col 
lacted 

fEvaluation of Effectiveness
 
of Strains
 
We use siratro ,Afacropiluyr arrf.urpureumr 
for prelimrinary screunng of isolates This small
seedled leguneis grown in the growhrr chamber
in 30 ml serum botles capped with plastic bags
The ,oots 'Ire ear7i1ne(' for r11O0LJl ~jf) after .1I 
days Strains capauie of lioiul'iti rig sir.1tro a u
increased for testing wvth groun ultIs It's 
further evaluation of t hese rhizot) j -s tsualy
cc-iipleted in stages %Iefirst test rhion)ia in the 
greenhou.3e with two host genotypes of diffe 
rent origin Those strains that are effective in 
greenhouse studies miust then t)e tested in the 
,'d ir competition with indigenous rhizol)ia 

Greenhouse Evaluation 

Argentine iSpan:sh typei and NC-4 lVirginma
typei, two cultivars representing the two sub
species of groundnuls. are used as host plants
iWynne et al 19801 Plants are grown in modi
fied Leonard jars similar to those proposed by

Wacek and AIm (1978) Thejars and a 2. 1sand
vermiculite medium 
are autoclaved before use
 
to prevent contamination
 

Seeds of each genotype are surface-sterilized
 
by soaking in calcium hypochlorite solution (10
 
g in 150 ml waterf for 10 min followed by rinsing

with sterile wate,' five times The groundnuts 
are then pregerminated in sterilized vermiculite 
and placed 25 mm into the medium in the jars
Before covering the seed, a 1 ml suspension of 
the proper rhizobial strain (approximately 109
cells ml) is added asepi:,iliy tI the seed for al! 
treatments except for an uninoculated control 
where sterile culture medium alone was added 

http:greenhou.3e
http:Carol.na
http:Caro,.na
http:additionalstr,i.is


Table 1. Origin of Rhiobium isolates collected from Arachls species growing In South America 
Coil 
No 

Isolated 
from Lat Long 

Elevation 
il) Soil dscri;.:,ori 

Date 
collected 

1 
3 
6 
7 

2? 

23 
56 

59 
62 
70 

71 
83 

93 
99 

120 

Arachis sp 
Arachis sp 
Arachis sp 
A chogoi Hoehne 
A helodes 

Arachis sp 
Arachis sp 

Arachis sp 
Arachis sp 
Arachis sr, 

Arachis sp 
Arachis sp 
Arachis sp 
Arachis sp 
Arachis sp 

19 02'S 56 39WBo- 1uo 
20 2. 56 58 100-.'00 

25kri W of MtiurUcuva 
17 40 b7 45' - 00 
16 03 57 13 170 

24 04' 65 24 1565 
23 04' 63 53 350-400 
22 51' 63 56 3E0 
21 41' 63 45 1000 

21 41' 63 44" 870-1000 
20 17' 63 28' 900 
17 19' 63 18 350 
15 44' 63 05 250 
26 22' 57 05' ca 65 

Light %andy%oil 
Red. WL;ck ,oil athered frorn limestone 

Reluced arqllaceous soil and calcareous gravel 
Brown, %atnd 

Ualcareous origri 
Dark alluvil qr;ivel 
Alluvial re'dci',h %and 
Sandb,ink of alluviurn 
Light brown alluvial clay-loam.graw3l 

Light red all:uvil sandy loam 
Light brown sandy loarn 
Deep sand in "matorral'" 
Brown to gray alluvial soil 
Deep white sand banks 

7 Dec 1976 
II Dec 1976 
26 Dec 1976 

6 Dec 1976 
17 Dec 1976 

17 Dec 1976 
30 Mar 1977 

2 Apr 1977 
4 Apr 1977 
8 Apr 1977 

8 Apr 1977 
14 Apr 1977 
20 Apr 1977 
27 Apr 1977 
16 Jure 1977 

123 
134 

136 
178 
181 

Arachis SD 
Arachis sp 
Arachis Sp 
Arachis sp 
Arachis sp 

25 23" 
22 15' 
22 23' 
21 34' 
21 30' 

57 16' 
57 28" 
56 27' 
57 15 
57 01' 

ca 
ca 

ca 
ca 
ca 

175 
210 

2?u 
225 
350 

Light colored sand 
Light sand 
Brown sandy soil 
Red iron-gravel and granite 
Brown sandy gravel loam 

boulders- "cerrado" 

17 June 1977 
24 June 1977 
24 June 1977 
29 June 1977 
29 June 1977 



Table 2. Origin of Rltsoblum isolates col,%.ted from South American groundnuts. 

Coil No Isolated from Area co;lected Soil description Date co11 .3d 

77 Colorado Chico del Palmar Cotolo. 10 km E of Vil;a 1IApr 1977 
ired seeds) Monies 

92 Overo Colorado Blinco Saavedre'. Sta C,-!z Dark black loam 19 Apr 1977 
Igrandel 

138 Overo Puento (e Mataral. Sta Cruz .5Apr 1977 
146 Overo Valle Abalo. Mairana 28 Apr 1977 
150 Palido Teneria - Aiquile dept Brown sandy loam .9 Apr 1977 

Cochabamba 

151 Sara Mani Mesa Rancho -- Aiqule Medium heavy, dark brown 29 Apr 1977 

to the seeds. A nitrogen control (10 ml of a 1 r1g Total nitrogen accumulated is the best mea-

N ml solution of NH&;6IOi applied three times sure ot the efficiency of a rhizobial strain 

during the test) is also included The seed and However. Doth plant color and plant dry weight 

noculum are then covered with sand The jars are significantly correlated with total nitrogen 

are watered through the glass 'ube into the suggestir.g that the measurement of these two 

bottom storage area The distilled water moves traits is sufficient in evalualirg strair efficiency 

through a 6 mm thick nylon wick up into the ingreenhousestudiesTable4 Thesetraits can 

media in the upper jar Treaatments dre re.li- be utilized by researchers with limited resources 

cated five times with plots arranged in a ran- to screen rhizobia for effectiveness in symbiosis 

dorized block design in the greenhouse Ni- with local groundnut genotypes 

trient solution 150 is added twice (luring the than 100 unique isolates thatrol) From the more 

grow;.- period The nutrient solution consis!ed we have evaluated in .iie greenhouse, we have 

of Pond's Stock salt mixture supplemented with identified several stra that fix mure nitrogenr. 


zi,c, molybdenum and cobalt micronutrtents than the commercial strains used as checks 

After 50 days of growth, the tlants are har Although additional testing is needed, these 

vested Plant color is rated on a s j!eof 1-3 wi'h strains are now available to other rhizo

1 green and 3 yellow Nilrogenase actity biologists interested in cowpea rhizobia 

is measured for tne root system of eF.ch plant 

using acetylene reduction methtodology Ftold Evaluation M 3hizobia 
Nodules are counted and removfd so that 

nodule mass can be determined The root arPi After greenhouse evaluation, we test the nitro. 

plant tops are dried, weighed, and the tops are gen fixing ab lity of rhizobial strains in the field 

groun, for determination of nitrogen using the in the presence of endemic rhizobia (Elkan et al. 

Kjeldahl technique 1980) In a preliminary study we evaluated 

We have evaluated several strains of strains previously tested in the greenhouse for 

Rhizoblum in the greenhouse for their abilit to their nitrogen fixing ability in the field in order to 

fix nitrogen Rhizobial strains have been found compare field and greenhout otest results. Nvie 

strains of Rhizob,un in symbiosis with 48to significa-itly influence plant color, plant dry 

weight, nodule number, nodule mass, percent genotypes were tested in a field previously 

nitrogen, total nitrogen, and nitrogenase acti-	 planted to groundnuts. 
water susvity (Table 3). Strains often perform differentially The rhizobial strains applied in a 

on the two host genotypes giving a significant pension significantly influenced nodulation (0 05 

host - strain interaction for traits indicative of level of probability) and nitrogen fixed as mea

their nitrogen fixing ability This strain-hcst sured by nitrogenase activity (0.01 level). When 

48 host genotypes, thespecificity suggests that rhizobial strains must averaged over the 

be screened in symbiosis with diverse hosts or greatest nodulation was produced by strain 

with the nost genotype with which they are 	 176A34 (Table 5). Strains 176A22 and 3G4b4 

also produced significantly more nodules thangoing to be used 
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Table 3. Strain and control means for nitrogen-fixing traits for greenhouse trials. 

Plant Nodule 

Color' Weight No Mass 

Strai) 
 (g) 

Study 1176A22 1 67ab' 3 58 9b12ab 120ab 
3G4b4 2 1 tbcd 2 00de 25 Ocd 059c 
4282 2.30cde IBOe 58 5b 094bc 
3G4b21 2 1lbcd 2 47cd 31 9cd 062c 

32H1 1 78bc 
 2 59bc 56 8b 098abc 

3G4b5 2.40de 201 22 ld 056c 
176A34 1.80bc 2 56cd 43 6bc 08ribc 
32Z3 2.67def 1 99e 32 9cd 107abc 
3G4b20 1.33a 3 65a 80 la 140a 

Control 3.00ef 1.56e 0e Od 

Study 2
32H1 1.1la 2.84a 37 3bc 068c 
29C2 1.80b 2 150c 6" la 110a 
316N18 2.56c 1 42d 47 7ab 045bcd 
3G4b9a 2.57c 1 35cd 0 7f 0010 
316N9 2.56c 1 70bcd 53 6a 072ab 

3G4b10 2,44c 1 98bcd 16 Ode .029de 
RP182-13 1.10a 2 78a 52 3ab 073ab 
316N22 1.70b 2 24abc 28 7cd 03Ocd 
3G4b19 IB0b 2.30ab 474ab J62bc 
Control 2.20c 1 49cd le7 014de 

a Rating 1 - green and 3 - yellow
b Means with different letters are significantly different ( 05 1 level) according to t test 

N content 
plant 
( 

3 69a 

2 82cd 

2 91cd 

3 20bc 
3 63ab 

2 76d 
3 25abc 


2.23e 
3 69a 
1 59f 

369& 
2.74b 
1.2AJ 
1.33d 
121d 

1.73cd 
3 52a 
3 23a 
3 61a 
1.97c 

Total N 
plant 
(mq) 

93. 
42 9c 
38ac 
64 5b 


73 7b 

42lc 
67.9b 
34.2c 

107.3a 
17.3d 

94.1a 
51. 4 c 
15.Od 
14Od 
17.2d 

31.5d 
88 4a 
62 6bc 
740ab 
237d 

Nitrogenase 
activity 

p rnol C;-H. hr per plant) 

6 68abc 

3 81d 
S Uecd 
5 64bcd 
5 30bcd 

3 70d 
767ab 

4 54d 
8.32a 
0e 

4.49bc 

7.60a 
008d 
00
 

0.091 

1.48d 
5.51 ab 
4 14bc 

6 03ab 
2.74cd 



Table 4. Correlation coefficients for nitrogen-fixing traits in two greenhouse studies. 

Trait 

Plant Nodule Nodule Percent Nitrogenase 
Trait Study weight number mass nitrogen Total N; activity 

° Plant color' 1 93"" 84" 75 95"* 95" 89". 
2 93- 44 4 9,4" 97"" 78"" 

Plant weight (gI 1 - 79- 54 83" 99"" 83" 
2 - 45 61 90"" 97"" 73" 

Nodule number 1 - - 89" 83" 82" 75" 

2 - .-92" 33 39 47 

Nodule mass ig) 1 - - - .89" 67 68
2 - - .-49 .54 68. 

% Nitr(gen of plant 1 ..- .81 °" 57 ° 

2 ..... 97" 86"" 

Total N: ol plant g) 1 ...- 86" ° 

2 . -... 78"" 

a Raing I = green and j yellow 
IncAias sspie correlahoii coefficenit s gnificant at 0 05 and 0 01 levels of probab4lity 

red win strain 3G4b20. Strains 176A34, 3G4b5 
Table 5. Mean nodulation rating and nl- 3nd 32F!1 also had significantly higher nitro

tragenax. activity for strains of genase activity than the naturally occurring 
Rhizobium and an uninoculotted con- strains. Conversely, strains 3G4b4 and ;J273 had 
trol for field grown groundnuts. slightly but insignificantly lower nittogedse 

Nodulation Nitrogenase activity than the endemic strains 

Strain rating' actvity The nitrogenase ac,,ivity for the rhizobial st
rains when applied '.o Florigiant, a Virginia 

?G4b20 2 81 39 1 cultivar that is grown on most of the acreage in 
176A34 3 10 38 7 North Carolina, ws determined for five sampl
176A22 307 35 1 ing dates (Table6). All pl'ts of Florigiant includ
3G4b5 3 06 358 ing the uninoculated cant ol were heavily nodu
3G4b4 307 310 lated. Six of the nine strains, however, had 

3G4b21 2 98 32 8 slightly higher mean nitrogenase activity than 
42B2 306 338 the naturally occurring strains Icontrol), 
32H1 2.93 35 7 although only strain 3G4b21 was significantly 
32Z3 304 31.0 better than the control. These data indicate that 
Control 2 89 32.5 some strairs are able to compete for infection 

LSD 0051 0 17 30 sites and are more effective than naturally 
occurrirg strains. Strain 42B2 successfully 

a Rated 156 days afte' planting wih 1 little ani 5 = heavy competed for infection sites but produced less 
nodulation effective nodules than the naturally occurring 

b bmci CjH plantpor hr Meanover48genovpessamPled 
91. 95 100 119 and 127 days after planting strains. This strain was also ineffective in 

greenhouse evaluations. 
Nitrogenase activity measured in the 

the inoculated controls which were inoculated greenhouse for tivesesamestrainsin symbiosis 
with the naturally o,:curring strains. The with a Spanish and Virginia cultivar was corre
greatest nitrogenase activity, however, occur- lated Ir = 0.731)with mean nitrogenase activity 
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Table 6. Ntrogen. setivl~y (imol CaH~h, 
per plant) for *train@ of Rhlaoblum 
and an uninoculated control for 
peanute,of cv Flouiglarat for five sam-
pling date@. 

Days alter plantingStrays95tnafte10 9were 
Strain 91 95 100 

3G4b20 49 70 64 
'7t A34 4 5'1 61 
'76A22 52 6C 68 
3G4b5 49 52 74 
3G44 58 50 73 

3G4b21 55 71 69 
4B2 
3-H ! 

44
38 47

50 457 1 
32Z3 37 56 56 
Controi 48 51 54 

119 127 Mean 

69 
49 
65 
61 
48 

28 
20 
30 
32 
3C 

56 
45 
55 
54 
52 

74 33 60 

4966 
62 

1839 
26 

4153 
47 

64 .6 49 
%lean 47 4 55 6 63 6 6C.6 28 3 51 1 

LSD t005' Samphing (late8 
LSD i0 05, Strain 12 

-

in the field This indicates that screenin.. of 
ri izobial strains in the greenhouse is effective 
as a preliminary predictor of rhizobial strain 
performance in the field 

A similar field study conducted during 1979 
invo!ved 10 rhizobial strains and two groundnut 

cultivars, Florigiant and Spantex, (Spanish 
type). The strains significantly influenced nodu
lation, nitrogenase activity and plan! weight but 
not yield of fruit (Table 7) A significant (0-05 
level) genotype - strain interaction was found 

for plant weight, indicating that rhizobial strains 
not equally effective for the two 

groundnut cultivars (Table 8) These results 
strongly suggest that the host genotype must 
be considered in rhizobial strain seqction 

These field data are not very di'amatic but 
they are very encouraging Considering that soil 
fertility and endemic rhizobial populations a;e 

high enough to prodice high yields, results 

under these test conditions can be translated 
into spectacular yield increases on nitrOgen 
deficient soils with ineffective or low rhizobial 
populations 

Identification of Cowpea 
Miscellany Subgroups 
The identification of effective strains of rhizobia 
through n;a,, tests in the field and greenhouse 
is slow and tedious It would be advantageous if 
itwere possible to identify a subgroup of the 
cowpea rhizobia whose primar, host cultivar is 

Table 7. Strain and control means for yield and nitrogen-fixing traits for field-grown groundnuts. 

Nod.e" Nitroqenase Shoot Yield per 

Strain treatment 
Number Dry v-.1 

,ngi .mol 
activity 

C. H plant per hr 
we'ght 

igi 
plant 
igl 

Control 
,endemic strain, 

Nitrogen control 
396abc 
276c 

475bcd 
370d 

I 67abc 
I 17c 

54 tabc 
59 7abc 

718a 
646a 

32H 1 427abc 442bcd 51abc 62 5ab 726a 
CB 756 334bc 378cd 1 87a 56 3abc 562a 

3G4b5 485abc 503a-d I70abc 53.9abc 562a 
3G4bt1 593a 727a 1 88a 70.2a 695a 
NC 146 1 642a 625abc 1 4abc 54 Oabc 541a 
NC 92 584a 642ab 1.78ab 53 6abc 634a 
NC 7 1 553ab 465bcd 1.28bc 51.9bc 654a 
NC 3 1 458abc 488a-d 1.65abc 53 1bc 597a 
NC 71 
NC 56 

437abc 
396abc 

322d 
501a-1 

1 62abc 
1,94a 

44.5c 
61.4ab 

542a 
650a 

176A22 545ab 538a-fl 1.64abc 5.7abc 595a 
NC 120 500abc 494,-d 1.67abc 67.6ab 686a 

a Nodule numbe'.welght. and shoot weght are means for plants sampled 59 and 166 days after planting Nitrogenase activitv. 
59 days ifer planting, and fruit weight. 166 days aflter panting, are means for a single sampling date 

Means witlh different leneis are significantly different at 5% level according to Duncan's multiple range lest 
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TaMle 8. 	 Ranking of strain, of Rhloblum as 
they affect plant weight for a 
Spanish and Virginia groundnut cul-

Rank Florlgiart Spantex 

I 32H1 NC 120 
2 CB 756 3G4b2 
3 NC 146 1 NC 56 
4 NC 3 1 32H 1 
5 NC 7 1 176A22 
6 3G4b2 CB756 
8 NC 120 1G4b5 
8 NC 9? C 3 1 

10 NC 56 %C 71 
11 176A22 I*C 92 
1? NC 71 NC 7 1 

the groundnut or a specific cul 1 var-group of 
groundnuts 

We have adapted for use with Rhizobtum sp 
two DNA-DNA hybridization techniques which 
allow us to rapidly determine the genetic rela-
tionship of isolates within this group of rhizobia 
Isolates from individual legume cultivars nodu-
lated with cowpea miscellany rhizobia are being 
compared using these hyb,':,.:,za5',: techniques 
to determine if there is (or arel any sutqroup s 
of cowpea rhizobia favoring groundnuts Con-
versely, if this nost-isolate interaction is deter-
mined to be truly wide spectrum, we hope to 
determine if the more ineffective and effective 
isolates can be genetically grouped This study 
is in the preliminary stages. The genetic diver-
sity of this group of bacteria is apparent from 
the DNA-DNA hybridizations. Early evidence 
points to the possibility that bacteria more 
efficient in nitrogen fixation with grrundnuts 
are idertifiable If the presence of sutjgroups (or 
subspecies) is confirmed, then it would be 
relatively easy to identify subgroups of the 
cowpea miscellany, thus reducing the need for 
p!ant tests. This work is continuing and is being 
expanded in our laboratory. 

Selection of Efficient 
Host Plants 

A second approach to increasing nitrogen fixed 
by groundnuts, which is applicable regardless 

of whether plants are well nodulated by native 
rhizobia or whether inoculation is required for 
adequate nodulation, is to develop host 
genotypes that are more efficient in fixing
nitrogen Although symbiotic nitrogen fixation 

has been studied for almost a century, little 
effort has been given to increasing nitrogen 
fixation in legumes through breeding. Enhanc
ing the nitrogen fixing process ir. a leguminous 
crop through breeding requires 1! tample gene
tic variability. (2) an understanding oi zhc gene
tic control of the process, (3) a technique for 

measuring the desired trait indicative of nitro
gen fixation, and (4) a breeding strategy to 
efficiently utilize the variaion 

Genotypic Variation 
in Nitrogen Fixing Traits 

Differences in nodulation for grouidnut 
genotypes in the field weiv firs%reporod by 
Duggar i1935a) Duggar t 1915c found ti-at a 
runner (ssp hypogaea) genotype develop.ed 
larger and more nodules than i Spanish (s:o 
fasiglata) genotype Inoculation with a single 
straw. of Rhizobiurr increased nodulation of the 
Spanish Ine .,ut not of the runner Albrechi 
(1943) observed significant increases in fruit 
yield of a Spanish line when inoculated with 
three single strains of Rhizobium and a com
mercial inoculum, while a runner type did not 
respond to any of the treatments 

Burton (1976) found differences in nitrogen 
accumulation among peanut cultivars grown in 
the greenhouse with fixation being the only 
nitrogen source. Inoculated with single strains 
of Rhizobiun isolated from plants of four gen
era, cv Flcrunner. a Virginia type, was consis
tently higher in nitrogen content than the 
Spanish ciiltiv3rs, Comet. Starr and Spantex. 

We have foind ilost plant differences in 
nodulation and ,iirogen fixing activity in both 
greenhouse and held studies (Wynne et al. 
1978). Genotypic differences in nodulatiun by 
the native rhizobia found in North Carolina 
groundnut fields have also been observed. The 
nodulation for 48 genotypes shown n Table 9 is 
typical of the response observed ;n North 
Carolina. Virginia types such as cvs Florigiant, 
Va-72R. NC-5 and NC-6 are more heavily 
nodulated than Spanish or Valencia typet. such 
as cvs Spanhoma, Spantex, Starr. Argentine, 
Tenressee Red or New Mexico Valencia. 
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Taila 9. Genotypic means for nodulation in North Carolina field study during 1977 at the Upper 
Coastal Plain Research Station." 

Nodulation 

Genotypes x 


I Star; 145 25 
2 Tamnut 't 2 25 26 
3 Georgia 255 2.60 27 
4 G-169 245 28 
5 EM 12 1.65 29 
6 Florunner 2.75 10 
7 Fior:giant 490 31 
8 Va '72R 4.85 32 
9 Early Bunch 430 33 

13 UF 714021 3.90 34 

t1 N(: 6 375 35 
12 ,ivrn 3.65 36 
13 A 69 4.10 37 
14 LUF75102 3.00 38 
15 Va 70-64 4.50 39 

16 Ni,5 4,35 40 
17 NC2 345 41 
18 NC-Fla 14 335 42 
19 NC4 3.90 43 
20 PI 268837 300 44 

21 PI313946 350 45 
22 PI 313947 380 46 
23 Pt313950 445 47 
24 A norticola 280 48 

Nodulation 
Genotypes X 

PI 221068 445 
PI 241633 2.45 
PI 158850 3.00 
PI 158852 3.25 
Sp,3nhoma 2.25 
Spantex 2.40 
Dixie Spanish 2.85 
Starr 2.20 
Argentine 2.10 
Schwarz 21 2.05 

Chico 2.05 
P1337396 3.10 
PI 261954 2.85 
PI 261q55 3.00 
Tennessee Red 2.80 

N M Valencia 3.15 
P1275743 2.20 
PI275744 3.05 
P1 275078 2.50 
Greg #182 1.30 

Greg #190 1.15 
71 SAN 290 2.10 
71 SAN 291 1.90 
NC 3033 3,25 

a Ncjulatron rated 156 days alo' planting witI l i n:e and 5 = high 

Nodulaon for the genotypes listed inTable9 
was measured at a single harvest date near 
maturity. We have foun," estimates of nitrogen 
fixing traits at a single harvest may not "e 
reliable as an indicator of the relative perfor-
mance of a genotype. For example, when eight 
cultivars were sampled four times during the 
growing season for their nitrogen fixing ability, 
both cultivars and harvest dates significantly 
influenced nodulation and nitrogenase activity 
(Table 101. The date cultivar interaction was 
also significant for all three traits. The two 
genotypes f'om the ssp fastigiata, Tennessee 
Red and Spanhoma, had Inwer mean nodule 
number, nodule weight, and nitrogenase acti-
vity when averaged over all harvest dates 
Florigiant. the predominant cultivar in North 
Carolina, had the highest mean nodule nurrber, 
nodule weight, and nitrogenase activity when 
averaged over all sampling dates. However, the 

ssp fastigiata cultivars were not lowest at all 
samplingdatesnorwasFIorigianthighestforall 
sampling dates. These and other unpublished 
data suggest that selection of a genotype based 
on a single evaluation of nitrogen fixing ability 
during the growing season may not always 
identify the superior genotype. 

The seasonal pattern of nodulation and 
N2(C2H2) fixed was similar in this and other field 
studies. The pattern is better illustrated from 
bimonthly sampling dates for the cultivars 
Florigiant and Argentine (Figs. 1 and 2). 
Nodulation increased during the growing sea
son until a peak was reached 84 days after 
planting for Argentine and 98 days after plant
ing for Florigiant. Plants of Florigiant averaged 
1470 nodules compared to 908 for Argentine at 
the time of maximum nodulation. Nitrogen 
fixation increased during the growing season 
until a peak was reached 84 days after 
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Table 10. Mens for dates by cultivars for nitrogenase activity and nodulation fLewiston, North 
Carolina, 1973). 

Cultivar 28 

Nitrogenase activity 
Tennessee Red 4.21 
Spanhoma 3.35 
Florunner 386 
B1 1.77 
Florigiant 5.51 
NC4 1.76 
NC6 393 
Early Bunch 4.68 

Sampling date Idays after emergence)
 

56 84 
 117 

is moles C:H, plant per hr) 
15.59 
13 79 
23,04 
604 

18.83 
1559 
20.13 
17.64 

Nodulation (nodulesplantl 
Tennessee Red 2006 666.0 
Spanhoma 162.1 4524 
Florunner 21 9 771.9 
B1 15'.5 4609 
Florigiant 178.3 771 3 
NC 4 202.9 600.7 
NC 6 187.2 948.5 
Early Bunch 254.0 909.5 

Nodule weight (g plant) 
Tennessee Red 0.20 
Spanhoma 0.26 
Florunner 0.23 
81 0.27 
Florigiant 0.21 
NC4 0.41 
NC6 0.46 
Early Bunch 0.45 

planting. Nitrogen fixed decreased after this 
date. Maximum N2(C2H2) values exceeded 
70 jimol C2H2 plant per hr for Florigiant compar-
ed to less than 50 for Argenline. Unfortunately, 
total nitrogen analyses have not been com-
pleted and the relationship of nodulation and 
N2(C2H2) values to total nitrogen are not known. 
The rapid increase in nitrogen fixation during 
the growing season corresponds to the time of 
fruit formation and filling, and the decrease 
corresponds to maturation. 

These data suggest that a single evaluation of 
the nitrogen fixing ability of a genotype using 
acetylene reduction 11;taken during theperiod of 
peak activity r.ight Le effective for preliminary 
screening of get;oty,es for nitrogen fixation. 
However, selection using total nitrogen ac-
cumulated or dry matter accumulated through 

0.75 
0.60 
1.26 
0.57 
I.11 
087 
1.28 
1.21 

64 

-

4 

3, 

16 

16 

. 
28 

Figure 1. 

24.66 17.01 
21 69 13.44 
37.33 24.69 
28.87 27.62 
35 12 34.57 
41.55 26.66 
33.99 34.18 
29.56 24.51 

923.1 857.6 
613.0 494.0 

1380.3 1051.8 
1315.9 950.1 
1440.3 1445 1 
1273.9 1659.0 
1265.8 1302.5 
13204 126.7 

1.09 1.13 
0.90 0.80 
2.37 1.45 
1.55 1.44 
2.90 2.77 
2.10 2.50 
2.34 1.78 
1.47 1.37 

F1"o,,nga 

A.-n-n* 

, 

, 

42 56 10 1126 
Oaylic,P,,,,,, 

Means of cultivars for nitrogenase 
activif : (limol C2H4 plant per hr) 
over harvest dates (Clayton 1978). 
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Figure. 2 	 Means of cultivars for nodulation 
1nodule number plantil over harvest 
dates (Clayton 1978) 

the growing season is almost certain to be more 
effective than N.IC:H.) measured once or even 
several times during the growing season How-
ever, several N.:IC.:H) measurements during 
thegrowingseasonmightbeusefulinchoosing 
parents Two lines producing similar amounts 
of nitrogen but having different peak periods of 
activity as determined by acetylene reduction 
might produce transgressive segregates 

Quantitative Genetics 
of Nitrogen Fixation 

We have investigated the genetic control of 
nitrogen fixation using a diallel cross in the 
greenhouse and a population of late generation
lines in the field. 

Early Generation: Greenhouse 

The F, generation of a diallel cross of 10 cut-
tivars from South Americd was evaluated in an 
analysis of gene action for traits related to 
nitrogen fixation. Hybrid progenies were sig-
nificantly different for all traits (Table 11). Gen 
eral combining ability, which is usually indica-
tive of additive gene action, was significant and 
greater than specific combining ability for nodu-
lation, NAlCM.H,) fixed, plant weight, nitrogen 
content and total nitrcgen Correlations be
tween parental and general combining ability 
effects were nonsignificant for all traits, so 
simple evaluation of lines for nitrogen fixing 
capacity in the greenhouse may not identify 
superior parents for use in breeding programs. 

Late Generation: Field 
Thirty FA generation lines from a Vir

ginia xSpanish cross were grown at two field 
sites in order to determine the genetics of traits 

nitrogen fixation for a population of 
late generation lines The Virginia parent (NC-6), 
a high yielding Virginia cultivar, is well nodu
lated by the indigenous rhizobial strains in 
North Carolina, while the Spanish parent (922) 
is poorly nodulated. Plot means for N2(C2H.) 
fixed, nodule number, nodule weight and dryweight of plant were analyzed considering loca 

tions and entries as random effects. Although 
the study when completed will consist of sev
eral sampling dates over years, parental and 
line means for one sampling date 90 days after 
planting suggest that sufficient variability exists 
for progress from selections in this population 
Table 121 The Spanish line is lower in nodula

tion, has less nitrogenase activity and smaller 
plant weignt .han the Virginia parent Therange 
of means for the 30 lines generally equal or 
exceed the range of he parents Genotypic 
variance was estimated from the variar.ce 
among the means for the 30 late generation 
lines These estimates were used to estimate 
heritability as follows: 

^2 
h HG
 

H = A-2 I - "
 
6 + a +S +Sr6CG
 

Where:o = estimate of genotypic variance. 
G 

eo2 = estimate of error variance, and 

S = 2, r = 3 andft = 2. 
Heritability estimates ranged from 0.45 for 
nodule number toO.80 for N2(C 2H2) fixed (Table 
13). These estimates indicate that selection fortraitssindicative oftnitrogen fixationeshould b 
traits indicative of nitrogen fixation should be 
effective for this population. Selections will be 
made and the response to selection for nitrogen 
fixing traits and the effect of selection for 
nitrog',n fixation on productivity will be deter
mined. 

An Alternative Breeding Strategy 
It has been suggested that the nitrogen fixation 
in the field ma1 be limited to a large extent by 
the availability of photosynthate. Enrichment of 
the atmosphere in the foliar canopy of 
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Table 11. Mean squares from the diallel analysis of characters indicative of nitrogen-fixing ability. 

Nodule Nitrogenase Plant Nitrogen Total 
Nodule mass ac:ivty weight content n",rogen 

Source df number (mg) j rnol C2H. plant per hr) jg) (% mg plant) 

° Blocks 3 4742"" 64505 73 85" 7,85"" 0 5965" * 5780" 
* Genotypes 98 1477"* 10030"" 647" 1 92 °" 0 1418"" 219f " 

Parents 9 726 8543 609 060 0 1508 534 
Hybrids 88 1562" 10132" 658" 2 08" 0 1423"* 2378"" 
General Comtining Ability 9 4216" 26950" 17 10"" 3 72"" 0 4910"" 3327"
 
Specilc Combining Abilitv 35 1533 °" 263" 468 197" ° 00699 2252" °
 

° ° Maternal 9 1433" 16796" 374 232-" 02197" 3674" 
Reciorocal 35 941 5964 6 50" 169 0 1052 1954"" 

Parents vs hybrids 1 723 14423 008 0 27 00143 479 
Error 280 742 4825 397 053 00845 619 

Table 12. 	 Parental means and range of means for single sample 90 days after planting of 
groundnut parents and Fa generation population. 

Means over 	locations 

Nodule Plant 

Nodule weiqht Nitrogenase activity (Irv weight 
Identity number !gI l ,mol C2H plant per hrl Ig) 

Spanish parent (9221 255 0 245 1 783 20 3 
Virginia parent INC 6) 474 0 518 4 028 299 
F4 lines 152-391 0 156-0453 1 112-4 103 12 7-295 

nitrogen fixation is governed by the availability 
Table 13. Heritability estimates for nitrogen of pholosynthate Once the groundnut plant 

fixation traits for late generation enters the reproductive stage the nodules, as a 
lines from cross of Spanish and Vir- ents the sive staoete not only 
ginia lines sampled 90 days after photosynthate sink, must compete not only 

with the growing vegetative parts, but also withplanting. 
-_- - the developing fruit. Hardy et at. (1971) reported 

Trait Estimate that over 90% of the total amount of nitrogen 
fixed occurred during th3 period of fruit forma-

Nodule number 045 tion and maturation with rate of fixation enter-
Nodule mass dry wi plant in g) 063 ing an exponential phase at or about the time of 
N2 (C:Hz) in mol CA-t. plant per hr 0 80 pegging. Since variation in photosynthetic rates 
Dry weight shoot Ig) 0 74 and net photosynthate accumulation has been 

demonstrated for groundnuts (McCloud et al 
groundnuts with 1500 p,-m .arbon dioxide dur- 1977. Pallas and Samish 1974; Pallas 1973; 
ing daylight hours increased nitrogen fixation, Williams et al. 1975; Emery et al. 1973), it should 
measured by the acetylene reduction assay, by be possible to select photosynthetically 
60% adi also increased plant growth and nodu- superior genotypes which fix more nitrogen. 
latioi supposedly because of larger amounts of Preliminary analysis of several field studies 
available photosynthate (Hardy and Havelka conducted in North Carolina indicates that there 
1976; Havelka and Hardy 1976). Diurnal studies is adequate variability in net photosynthetic 
and shading experiments at ICRISAT (Dart efficiency (biological yield) to select genotypes 
1977) and leaf removal studies at Nortn Carolina that are more efficient in accumulation of 
(unpublished) also suggest that the rate of photosynthate (Ball et al. 1979). Furthermore, 
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we have found bio!gical yield (total dry mat-
ter), economic yield (fruit) and nitrogen fixed 
N:(C:H to be positively correlated (r 
48*- 72"" with 38 dfI This suggests that 

groundnut bleeders can indirectly select for 
greater nitrogen fixation by selecting for biolo-
gical and or economic yield Thus selection for 
economic yield may be an effective method of 
increasing nitrogen fixation when groundnuts 
are well nodulated by native rhizobia. This 
hypothesis is presently being tested in studies 
at North Carolina 

Summary 

The atmospheric nitrogen fixed by groundnuts 
can be increased dramatically by the selection 
and use of effE :tive strains of RhIzobiurn if the 
groundnut plants are poorly nodulated or nodu-
later; with ineffective strains Because of a 
s nficant genotype strain interaction, the 
nost genotype must be considered in strain
selection Strains can be selected after they 

have shown broad adaptation in symbiosis with 

a ,umber of diverse host genotypes or they 
na;iy be selected in symbiosis with the single 
host genotype to be grown 

Sufficient variability exists for selection of 
host genotypes with greater nodulation and 
greater nitrogen fixing potential. Preliminary 
estimates of heritability for late generation lines 
from a Virginia • Spanish cross suggest that 
selection should be effective for traits indicative 
of nitrogen fixation However, since biological 
yield and economic yield appear to be corre
lated with nitrogen fixation, it may be possible 
to select for higher nitrogen fixation by select 
ing for biological yield and or economic yield. 
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