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ABSTRACT

Ball, 8.T., Wynne. J.C., Elkan, G.H. and Schneeweis, T.J., 1983, Effect of inoculetion and
spplied nitrogen on yield, growth and nitrogen fixation oi iwo peanut cultivars. Field
Crops Res., 6: 856—91.

Applications of ammonium niwate (108 kg/ha spplication) and commercial inoculum
(11.2 kg/ha) were made to the peanut {Arechis hypogaea L.) cvs. ‘Argentine’ (apanish)
and ‘Florigiant’ (virginia) in 1978 and 1879. Both cultivars nodulated abundantly, even -
in the absence of inoculation, but piants of the cv. Florigiant were generally larger, vielded
more, had a higher harvest index, and showed greater nodulation and higher N,(C,H,)
fixation values than those of cv. Argentine. Inoculation did not increase plant weight or
yield, though N, fixation traits were improved in 1 year. Applications of nitrogen increased
plarit weight 49% in 1978 and 24% in 1979 and fruit yield by 37% in 1978 and 21% in
1979 but reduced harvest index from 37 to 34.9% in 1978 and reduced N -fixing traits
in both years.

There is no evidence from this study to indicate any need for inocuiaii=:: to peanuts in
soils with high ponulations of the appropriate Rhizobium. However, the increase in plant
weight and fruit yield with the application of nitrogen, although not economic, suggests
that either the peanut-rhizobia symbiosais . s not fix enough nitrogen for maximum
vield or that fixed nitrogen is not utilized as officienily as fertilizer nitrogen.

INTRODUCTION

Peanuts (Arachis hypogaea L.) grown in soils r ceviously cropped with
this species rately require inoculation (Thorniun, 1963; Reid and Cox, 1973;
Van der Merwe et al., 1974; Walker et &l., 1976) or nitrogen fertilization
(Schiffmann, 1961; Reid and Cox, 1973). However, Elkan et al. (1980) have
demonstrated that single strain isolates of Rhizobium, applied at high rates,
canr iicrease nodulation and nitrogenase activity in soils which alread* con-
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tain large populations of rhizobia. The genotype of the peanut has been A
shown to isifluence response to both nitrogen fertilization and nitrogen fixa-
tion (Duggar, 1936a, b; Erdman, 1943; Chomchslow, 1971; Burton, 1975;
Wynne et al., 1980). . ‘

Date (1976) described a trial using uninoculated, inoculated and nitrogen
fertilizatiun treatments to determine the need for inoculation and to esti-
mate the effectiveness of the native rhizobia. This study applies this
methodology to two genetically diverse peanut cultivars grown in soils con-
taining native rhizobia. ‘

MATERIALS AND METHODS

Experiments were conducted in 1978 and 1979 at the Central Crops
Research Station, Clayton, NC using both a spanish (‘Argentine’) and a
virginia (‘Florigiant’) cultivar. Standard cultural practices were employed both
years. Plots consisted of two rows in 1978 and a single row in 1979. Each
row contained 10 plants. Rows were 90.4 cm apart and plants within a row
were 26.4 cm apart. Plants to be inoculated received 11.2 kg/ha Nitragin®
granular peat-based peanut inoculant No. X579 at planting. Plants in the
nitrogen treatment received approximately 168 kg NH,;NO,/ha, hand applied,
of CF Industrics® pelleted ammonium nitrate (34% nitrogen) at planting
and equivalent amounts at monthly intervals thereafter.

The experimental site was a Plinthic Paleudult with clay present from 35
to 46 cm and plinithinite detected between 120 to 160 cm. Soil analysis in-
dicated that macro- and micronutrients in the rooting zone were above the
critical level required for peanut production.

The experimental design was a four-factor factorial arranged in a split-
split-split plot with four replicates. Sampling dates were assigned to whole
plots. Sampling began 4 weeks after emergence and continued at monthly
intervals with the final sampling for N, fixation traits at 112 days after
emergence in 1978 and 140 days after emergence in 1979. Peanut cultivars
were assigned to subplots, nitrogen application to sub-subplots, and
Rhizobium to sub-sub-subplots.

Two 2-plant samples were dug by hand from each plot at monthly inter-
vals to determine the nitrogen fixation traits. N,-fixed (4M C,H,/h per plant)
was measured for the root system of the two plants using an acetylene reduc-
tion methodology modified slightly from that of Isleib et al. (1980). In addi-
tion to N, fixed, nodule number and mass (g), and specific activity (M
C,H./g nodule/h) were mesasured for cach plant.

Five plants were randomly selected from each plot at final harvest for
the growth traits. Plants and fruit were dried in a forced air dryer at approxi-
mately 70°C and then weighed. Traits measured were plant weight (g) and
fruit yield (g per plant). Hervest index was computed as the ratio of fruit
yield to entire plant weight X 100.



TABLE I

Means over cultivars for nitrogen-fixation traits for five sampling dates during growing season

Sampling date Nodule number Nodule mass N,(C,H,) fixed ~ Specific activity
(days after emerger.ce) 1978 1979 1978 1979 (sM C,H,/h per plant) (xM C,H,/g/h per plant)
1978 1979 1978 1979
28 ' 50,1b 17.6c 0.7b 1.2¢ 1l.4c 0.4d 27.% 2.8¢
56 2156.1b 37.5¢ 65.3b 2.0c 9.5¢ 3.1c 16.6b 13.8b
84 . 1153.5a 128.6b 28.7a 4.7b 658.8a 5.9b 21.9ab 10.5¢
112 988.1a 290.2a 25.7a 8.1a 34.7b 13.4a 14.7b 17.0a
140 .= 199.7b — 6.0b —_ 5.1be - 7.6d4

Means within years followed by the same letter are not significantly different at the 5% level of probabnhty using
the F-protected LSD test. _
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RESULTS AND DISCUSSION

During the 1978 growing season, nodulation (nodule mass and number)
N21(C;H,) fixed and specific activity increased until a peak was reached at 84
days after emergence or at early fruit fill (Table I). All traits measured de-
creased on the final sampling date. In 1979, when nodulation and N;(C;H;)
fixation were low, these traits continued to increase until 112 days after
emergence or approximately early fruit fill. All nitrogen-fixing traits de-
creased on the final sampling date. This variation is probably due to environ-
mental differences or possibly to location within the field.
~ As in previous studies (Wynne et al,, 1980), the virginia cultivar Florigiant
was significantly (P > 0.05) better in nodulation, N 2(C,H,) fixed, specific
activity and growth (plant weight, fruit yield and harvest index) except for
plant weight in 1979 than the spanish cultivar Argentine (Table II). Differ-
ences in N,;(C,H,) fixed between the cultivars were evident early in the grow-
ing season and continued until harvest (Fig. 1).

Applicaticn of nitrogen fertilizer decreased all nitrogen-fixation traits by
approximately 50% in each growing season (Table II). The decrease was not
the same for both cultivars as indicated by a significant (P > 0.01) cultivar
X nitrogen interaction for specific activity in 1978, nodule mass in 1978
and 1979, and for N,(C,H,) fixed in 1979. Reductions were always greater
for the spanish cultivar, Argentine. Reduction in nodulation and nitrogen
fixed with the addition of nitrogen fertilizer is consistent with the results
found for other grain legumes (Allos and Bartholomew, 1955). Plant weight
and fruit yield were significantly (P > 0.01) increased by the application of
nitrogen (Table II), but harvest index was significantly decreased during 1978
though not in 1979,

Inoculation had no effect on plant weight, fruit yield and harvest index in
either growing season (Table II), but caused a significant (P > 0.01) increase
in nodule number, N;(C;H,) fixed and speci’ic activity in 1979. No signifi-
cant inoculum effects were observed in 1978 except for an unexplained reduc-
tion in the number of nodules. A differential responae to inoculum for the 2
years indicates that the effect of commercial peanut Rhizobium is dependent
. upon environmental factors. '

Plant weight and fruit yield were not increased by inoculation in the
presence of native soil rhizobia infective for peanut, a finding similar to those
of earlier investigations (Thornton, 1963; Reid and Cox, 1973; Van der
Merwe et al., 1974; Walker et al., 1976). The increase in nitrogen fixation in
one season without a subsequent increase in plant weight or yield suggests -
that researchers should be cautious in equating increases in biolcgical nitro-
gen fixation with yield increases in grain legumes.

While the N levels applied in this trial were abov2 those commercially re-

- commended, the increase in plant weight and yield with the application of
nitrogen indicates that shortage of nitrogen may be limiting productivity even
though there is no response from inoculation. This clearly demonstrates that



TABLE II

Cultivar, nitrogen and inoculum means over all treatments for nitrogen fixation and growth traits

Treatment Nodule Nodule N,(C,H,) fixed Specific Plent Fruit Harvest
number mass (sM C,H,/h activity weight vield index (%)
1978 1979 (mg per plant) per plant) (sM C,H,/g/h (g per plant) (g per plant) 1978 1979
1978 1979 1978 1979 Perplant) 1978 1979 1978 1979 :
1978 1979
Cultivar: .
Argentine 429.5b 68.4b 9.7b 2.6b 19.2b 3.0b 22.0a 8.5b 200.6b 195.2a 66.7b 73.7b 33.0b 38.7b
Florigiant 773.9a 202.0a 20.5a 6.2a 33.0s 8.2a 18.1b 12.2s 355.3a 243.6a 136.0a 116.1a 38.9a 47.8a
Nitrcgen: .
None 746.82 179.3a 1942 6.0a 36.2a 7.9a 24.3a 12.0a 223.6b 196.2b 85.4b 85.7b 37.0a 43.3a
Applied 456.6b 90.1b 10.8b 2.8b 16.0b 3.2b 15.7b 8.7b 332.3a 242.6a 117.4a 104.1a 34.9b 43.0a
Inoculum: : ' v
None 643.7a 93.7b 15.2a 4.0a 25.7a 4.4b 19.8a 9.0b 283.2a 211.4a 103.4a 8Y.1a 35.6a 42.8a
Applied 559.7b 175.7a 15.0a 4.8a 28.5a 6.8a 20.2a 11.8a 272.7a 227.4a 99.4a 100.7a 36.2a 43.4a

Means within years followed by the same letter are not significantly different at the 5% level of probability using the F-procected LSD

test.
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Fig. 1. Comparison of N,(C,H,) fixation for Florigiant and Argentine over sampling dates.

increases in productivity could occur from increased efficiency of the peanut-
rhizobia symbiosis. From previous studies we concluded that approximately
25% of the variability in yield of peanuts can be accounted for by variation
in nitrogen fixation (Wynne et al., 1982). Increases in the efficiency of sym-
biosis could lead to substantial increases in peanut yields. The greater
response to nitrogen by the spanish cultivar which was lower in nitrogen-
fixing capacity suggests that greater yield increases could occur for spanish
cultivars with increased nitrogen fixation.

Nitrogen was applied on a monthly basis during this study. Additional
studies are needed to determine if there is a critical stage of plant develop-
ment when nitrogen is required to increase yield. Application of nitrogen at
various growth stages of the peanut would indicate where efforts are needed
to increase biological nitrogen fixation to maximize productivity.
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