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The Effects of Irrigation, Inoculants and Fertilizer

Nitrogen on Peanuts (Arachis hypogaea L.). 1. Nitrogen Fixation.
V. M. Reddy* and J. W. Tanner'

ABSTRACT

Effects of irrigation, inoculants and fertilizer nitrogen
N) on N2(C2H2) fixation in peanuts were studied in 1976
and 1977 at Delhi, Ontario. Inoculant application in-
creased nodulation and N-fixation in both years. Powdered
peat and granular formulations containing the same strains
of rhizobia resulted in almost the same amounts of
nodulation and N-fixation (80 kg/ha on average). Dif-
ferences in nodulation from inoculants containing dif-
ferent strains of rhizobia were not consistent over the
two years. However, 60% difference in N-fixation resulted
from the inoculants containing different strains of rhizobia
in both years. Nitrogen application decreased the nodule
number, nodule dry weight, and N-fixation of all the
inoculated peanuts. Irrigation increased the N-fixation of
the peanuts treated with granular inoculant in 1976 by
an average of 45% and all the inoculated peanuts in
1977 by an average of 54% but had no effect on nodu-
lation in either year.
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A number of investigators have obtained nodu-
lation responses to inoculation in soils where pea-
nuts had not been grown previously (13, 16). Recent
reports in a peanut trade journal have claimed that
granular inoculants increased the yield of peanuts
in locations where no response could be obtained
from peat inoculants (1, 9, 10). Although the
granular inoculant supplies many more bacteria
per seed than peat inoculant (10) and is easy to
handle (9), experimental data are lacking to com-
pare the effects of these two forms of inoculant on
nodulation and nitrogen fixation.

Moisture stress has been shown to affect the
occurrence, growth, and survival of nodule bacteria,
nodule formation, and the functioning of the formed
nodule (17, 11, 4, 14). However, Shimshi et al.
(14) did not find any effect of frequency of irriga-
tion on nodulation of peanuts, and suggested that
multiplication of and infection by bacteria might
take place during the short periods of high soil
moisture immediately after irrigation.

Combined nitrogen affects almost all of the phases
of legume-Rhizobium symbiosis. Inhibitory effects
of combined nitrogen on root hair infection, nodule
initiation, and nodule development and function
are well established (5, 17). However, there seem
to be differences in inoculation response to com-
bined nitrogen among strains of rhizobia, plant
species, form of combined nitrogen, seasonal condi-
tions, and the interaction among these factors (5,
17).
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The feasibility of growing peanuts in southern
Ontario is being tested. The objectives of these
experiments were to determine whether inoculation
of peanuts was necessary, what form of inoculant
would perform best, and how irrigation and nitro-
gen fertilization would affect the nitrogen fixation
system in the southern Ontario environment.

Material and Methods

1976 Experiment: The experiment was conducted on a farm
adjacent to the Agriculture Canada Tobacco Research Station,
Delhi, Ontario, on a Fox loamy sand soil with pH 6.1 and
medium to high phosphorus and potash. A basal application of
448 kg/ha of 3-9-18 analysis fertilizer was made on April 13,
1976.

The experiment was laid out in a split-plot design, with sub-
sub plots containing seven rows of 7-m length, spaced at 40 cm
and replicated four times. The main treatments were (a) Irri-
gation and (b) No irrigation. Sub-plot treatments were (a) No
inoculant, (b) Commercial powdered peat inoculant? (Peat-I)
and (c) Granular inoculant.> Sub-Sub-plot treatments were (a)
O kg N/ha, (b) 25 kg N/ha, (c) 50 kg N/ha, and (d) 100 kg N/ha.
The irrigation treatment plots were irrigated when visual obser-
vations of soil and the crop indicated that it was necessary.
Inoculants (granular @ 12 kg/ha and peat @ 2 kg/ha) were
applied with the seed at the time of planting. Nitrogen, in the
form of ammonium nitrate, was broadcast and raked into the
soil according to the treatments prior to planting.

Seed of the cultivar ‘Comet’ were planted on May 16, 1976
at 13 seeds/meter and at a depth of approximately 3.8 c¢m,
using a small hand-operated V-belt seeder. Poor emergence
necessitated replanting on June 9, a date which previous
research would indicate to be much too late for commercial
production. Weeds were controlled by two pre-emergence spray-
ings of 2.24 kg/ha alachlor (2-chloro-2’, 6’-diethyl-N-(methoxy-
methyl) acetanilide) plus 1.12 kg/ha dinoseb (2-sec-butyl 4,6-
dinitrophenol) and hand hoeing. Leaf hoppers (Empoasca fabac
Harris) were controlled by five foliar sprays (June 25, July 9,
16, 30, and August 20) of 1.12 kg/ha carbaryl (1-naphthyl N-
methylcarbamate). Leaf spot (Cercospora spp.) was controlled
by four foliar sprays (June 25, July 9, 16, and 30) of 0.81 kg/ha
chlorothalonil (tetrachloroisopthalonitrile). Gypsum (CaSO J was
applied at the rate of 896 kg/ha on July 12.

Nitrogen fixation, NJCH,), was estimated at weekly inter-
vals by means of the “acetylene reduction technique (6), as
modified by Hume et al. (7). Diumnal variation of nitrogen-
fixing activity was determined by sampling four nodulated
plants (all samples from plots with granular inoculant and no
nitrogen), every 3 hours over a 24-hour period on August 18
and 19. On the basis of these results, the estimates of nitrogen
fixed during 30 minutes between 10 a. m. and 12 noon on all
sampling dates were converted to the amount of nitrogen fixed
per day. The weekly nitrogen fixation activities were used to
calculate the nitrogen fixation over the growing season using
regression analysis (3). The root samples, after incubation,
were stored in a freezer (4 C) for later determination of root
volumes, nodule numbers, and nodule fresh and dry weights.

1977 Experiment: An experiment similar to that of 1976 was
conducted in 1977 on a different field at the same location,
with the following modifications: Treatments: An additional
peat inoculant (Peat-11), containing the same strains of rhizobia
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as the granular inoculant, was added to the inoculation treat-
ments. A split application of nitrogen treatment (25+25 kg
N/ha) was added. The first half of the split was applied at the
time of planting and the second 60 days later. The crop was
planted on May 14, 1977. Plant protection measures during
1977 included one pre-emergence spray of alachlor + dinoseb
(3.36 kg/ha and 1.12 kg/ha) on May 19, and one post-emergence
spray of bentazon (3-isopropyl-1 H-2,1,3-benzothiadiazin (4)-
3H-one-2,2 dioxide) (1.40 kg/ha) on June 8, for weed control.
Leaf hoppers were controlled by one foliar application of di-
sulfoton (0,0-diethyl S-(2-(ethylthio) ethyl) phosphorodithioate)
granules (3.36 kg/ha) on June 6 and three foliar sprays of
carbaryl (1.12 kg/ha) on July 12, 29, and August 9. Leaf spot
was controlled by one foliar spray of chlorothalonil (0.81 kg/ha)
on July 29. Samples for acetylene reduction were taken at two-
week intervals. The crop was harvested on September 31.

Ten plants per plot were collected at harvest for recording
total dry matter accumulation and nitrogen content. These
samples were washed and oven-dried at 80 C to a constant
weight. Kernels and the remainder of the plant were ground
separately after recording the weights. About 250 mg of each
sample were weighed into digestion tubes. After adding a
catalyst mixture (10 gm K,SO, 3 gm CU SO, and pumice), 7
ml of conc. HpSO, and one ml of H O, the samples were
digested on a Technicon BD-40 digestor. The digester samples,
after dilution, were analyzed for nitrogen content on a Techni-
con Auto-Analyzer II (8). All the data were subjected to analy-
sis of variance. Duncan’s New Multiple Range Test was used
to compare treatments irrigation ts no irrigation, and inocul-
ants, while regression analysis was used to study the responses
to nitrogen application (2).

Results and Discussion

1976 Experiment: The weather during the 1976
growing season was cooler and wetter than nor-
mal, with the exception of a period of dry weather
during late August. As a result, the irrigated treat-
ment consisted of two applications, each of 2.54
cm, applied on August 20 and 29. The irrigation
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Fig. 1. Effect of irrigation and inoculants on seasonal N JCH)
fixation in peanuts in 1976 at Delhi.

* Means followed by the same letter do not differ signifi-
cantly according to Duncan’s New Multiple-Range Test
at the 5% level.

1 no inoculant.

treatment did not increase nodule number or no-
dule dry weight (14 nodules per plant and 45
mg/plant nodule dry weight on average). Irrigation
did, however, increase N _fixation where granular
inoculant was used (Fig. 1). The uninoculated
peanuts produced few nodules (Fig. 2A), low no-
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Fig. 2. Effect of fertilizer nitrogen on (a) nodule number per
plant under irrigation*, (b) nodule dry weight (mg/plant)
and (c) seasonal NJCH) fixation (kg/ha) of peanuts treated
with different inoculants in 1976 at Delhi. For (a) and (b),
values shown are for treatment means averaged over sampling
dates.

* In order to show the significant difference in the performance
of the two inoculants under irrigation, nodule number data
from the no irrigation treatment was not included.
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dule dry weight (Fig. 2B), and very low N _fixation
(Fig. 1 and 2C). In view of the fact ﬁlat the
experiment was conducted on a ‘“‘virgin”peanut
soil, it was interesting that there was any nodula-
tion or N _fixation at all. Plots treated with granu-
lar inoculant were superior to those treated with
peat inoculant for nodule number (Fig. 2A), nodule
dry weight (Fig. 2B), and N _fixation (Fib. 2C) at
all levels of N fertilization.

Nitrogen application decreased the nodule num-
ber of both the inoculant treatments. However,
under irrigation, there was a dramatic reduction in
nodule number of the peat inoculant treatment
with fertilizer application, as compared to the modest
reduction when granular inoculant was used (Fig.
2A). The nodule dry weight and N, fixation resulting
from both the inoculants were decreased with the
N application. However, the nodule dry weight
and N, fixation of the granular inoculant showed a
quadrahc decrease in contrast to the linear decrease
of nodule dry weight and N fixation of the peat
inoculant (Table 1). In order to help in compari-
son, the linear responses for granular inoculant are
also given (Table 1).

Although the better nodulation with the applica-
tion of granular inoculant might be attributed to
the greater number of bacteria supplied by that
formulation, the differential response of the two
formulations to applied N cannot be explained by
the higher number of bacteria alone. This observa-
tion suggested that the two formulations differed
in other aspects as well. Since Rhizobium strains
differ in their ability to nodulate and fix nitrogen
in the presence of combined nitrogen (5), it was
suspected that the two formulations contained dif-
ferent strains of rhizobia. This suspicion was con-
firmed upon consultation with the manufacturer.
As a result, the experiment was repeated in 1977
with the inclusion of an additional peat inoculant
which contained the same strains as the granular
inoculant.

1977 Experiment: As in 1976, the irrigation treat-
ment did not increase the nodule number and
nodule dry weight (18 nodules per plant and 80
mg nodule dry weight per plant on average), but
did increase the N, fixation of all the inoculated
peanuts at all levels of nitrogen (Fig. 3, Table 1).
The weather during the 1977 season was warmer
and drier compared to the 1976 season. As a
result, three irrigations, each of 2.54 cm, were
applied (June 16, July 13, and 22). The higher
moisture levels in the irrigated plots during the
dry periods sustained greater nodule activity than
the lower moisture levels in unirrigated plots.

The nodule number (one nodule per plant on
average), nodule dry weight (1.6 mg/plant on aver-
age), and N, fixation (Fig. 3) of the uninoculated
peanuts were very low, and as in 1976, were not
affected by irrigation. These results indicated again
that these soils contained very few rhizobia cap-

Table 1. Effect of fertilizer nitrogen on a) nodule number, b)

nodule dry weight, c) seasonal NJCH) fixation (kg/ha), of
peanuts treated with different inoculants in 1976 and 1977
at Delhi. For (a), (b), (d) and (e), values shown are for treat-
ment means averaged over sampling dates.

Treatment Regression equation R

a) Nodule number per plant - 1976

No inoculant Non sig -
Peat inoculant Y = 18, 60 + (-0.1177X) 0.817%%
Granular inoculant Non sig. -

b) Nodule dry weight (mg/plant) - 1976

No inoculant Non sig. -
Peat inoculant Y = 67.28 + (-0.4087X) 0.858%%
Granular inoculant Y = 87.22 + (-0.6380X) + (0. 003167X ) 0.998%*
Y = 83.26 + (-0.3099X) CFor comparison only) 0.912
c) Seasonal NZ(CZHZ) fixation (kg/ha) - 1976

No inoculant Y= 9,38 + (-0.04297X) 0.846%%

Peat inoculant Y = 62,88 + (-0.3013X) 0.843%x

Granular inoculant Y = 101.24 + (-0.9339X) + (0. 006011)( ) 0.969%*
Y = 93.72 + (-0.311X) [For comparison only) 0.725

d

Nodule number per plant - 1977

No inoculant Non sig. -

Peat-1 Y = 31.4 + (-0.1691X) < 954%%
Peat-II Y = 26.8 + (-0.08686K) +938%%
Granular Non sig. -

e

-~

Nodule dry weight (mg/plant) - 1977

No inoculant Y = 8.5 + (-0.04857X) +8784%
Peat-1 Y = 145.28 + (-0.7944X) +930%%
Peat-II Y = 119.36 + (-0.5219X) .954%%
Granular Y = 125.06 + (-1.0348X) + (0. DOSSZX ) J999kw

Y = 118.16 + (-0.463X) [For comparison only) .886
f) Seasonal NZ(CZKZ) fixation (kg/ha) - 1977

Unirrigated
No inoculant Non sig. -

Peat-1I Y = 47.88 + (-0.2610X) .829%%

Peat-II Y = 72.88 + (-0.2458X) £983%%

Granular inoculant Y = 85.02 + (-0.4496X) J977H%
Irrigated

No inoculant Y = 4,86 + (-0.02823X) L9711k

Peat-1 Y = 75.44 + (-0.2815X) 2 943%n

Peat-II Y = 112.70 + (-0.4297X) L9214

Granular inoculant Non sig. -

**Significant at 1% level.

able of nodulating peanuts. There were no dif-
ferences in nodule number and nodule dry weight
among the three inoculants (Fig. 4a and 4b), but
the Peat-II and the granular inoculants resulted in
higher N, fixation compared to the Peat-I inocul-
ant, at allzlevels of N and under both irrigated and
unirrigated conditions. The Peat-II and granular
inoculants, which contained the same strains of
rhizobia, produced almost the same amounts of N

fixation. The Peat-II and the granular inoculants
also had similar yield levels and consistently out-
yielded the Peat-1 inoculant (13). These results
suggested that the differences in N, fixation ob-
served among the three 1noculants during 1977
were due to the differences in strains rather than
differences in formulation. In light of these results,
although the granular inoculant in 1976 produced
better nodulation and N, fixation than the peat
inoculant, it would appear that these differences
were due to the differences in the strains contained
in the two inoculants rather than the formulation
differences.

Fertilizer N, as in 1976, reduced the nodule
numbers (Fig. 4 Table 1), nodule dry weight (Fig.
4, Table 1) and N fixation (Fig. 3, Table 1) of all
three inoculants under both 1rr1gated and unir-
rigated conditons, except for the nodule numbers
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Fig. 4. Effect of fertilizer nitrogen (basal application) on (a)
nodule number per plant, (b) nodule dry weight (mg/plant)
of peanuts treated with different inoculants during 1977 at
Delhi. Values shown are for treatment means averaged over
sampling dates.

and N, fixation of the granular inoculant under
irrigation. However, the nodule dry weight of the
granular inoculant showed a quadratic decrease in
contrast to the linear decrease of nodule dry weight
of peat inoculants.

Total Nitrogen

Nitrogen content in the plant (2.7% on average)
and protein content of the kemnel (20.5% on aver-
age) at harvest were not affected by any of the
treatments. The data on total nitrogen and the
estimated contribution from N , fixation to the toal
N are presented in Table 2. There were no signi-
ficant differences in total N or in percentage con-
tribution from N, fixation to the total N between
the irrigation an(iz no irrigation treatments. How-
ever, there was a trend toward more total N and
higher percentage contribution from N fixation to
total N with irrigation compared to no irrigation.
This trend could be attributed to the increased
amount of N, fixed under irrigation (Fig. 3).

All three inoculant treatments had significantly
greater amounts of total N than the no inoculant
treatment, and also had significantly higher con-
tributions from N, fixation. However, it is in-
teresting to note that although N, (CH g fixation
(Fig. 3) indicates very large differences, up to 100
kg Ngha, between inoculated and uninoculated
treatments, the data on total N do not show such
large differences. The acetylene reduction techni-

que seems to have over estimated the amount of
N fixed. In calculating N, fixed, the theoretical
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value of 1:3 was used as the ratio between N, and
C,H, However, Bergersen (19) working with
soybeans has reported that this ratio varied be-
tween 2.7 and 4.2. Therefore the factor used in
this experiment might have somewhat over esti-
mated the amount of N, fixed. The Peat-II and
granular inoculant treatments obtained a greater
proportion of the total N from N, fixation compared
to Peat-I inoculant, which was probably a reflec-
tion of the efficiency of the strains contained in
the inoculants.

The application of fertilizer N did not increase
the total N, but decreased the contribution from
N, fixation. Weber (18) indicated that the lack of
soybean yield response to fertilizer N was due to
the fact that the applied N replaced symbiotic
nitrogen as the nitrogen source.

Conclusions

~ From the results of the two year study the
following conclusions were drawn:

These soils lack sufficient numbers of peanut
rhizobia, hence inoculation is necessary to achieve
good nodulation and increase nitrogen fixation.

The differences observed among the inoculants
were mostly due to the differences in strain com-
position rather than the formulation. However,

there is still justification for using the granular
formulation, particularly on soils new to peanuts.
Granular inoculant application avoids seed treat-
ment using “sticker” (sugar solution, milk, water),
which may cause damage to seed coat and reduce
germination, allows use of standard field equip-
ment and also protects the rhizobia from heat and
desication, as a result providing sufficient numbers
of bacteria to the rhizosphere.

Fertilizer nitrogen decreased nodulation and
nitrogen fixation of all the inoculated peanuts, but
peanuts fixed considerable N even when supplied
with 100 kg/ha N.
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