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ABSTRACT
Nitrogen fixation and accumulation are important facets of soy-

bean (Glycine max L.) production. Three determinate soybean cul-
tivars were grown on a Norfolk loamy sand (Typic Paleudult) with
either conservation or conventional tillage. Plots \tere split for in-
oculation with strain 311b 110 of Rhizobiumjaponicum. Dinitrogen
fixation was estimated by the difference between total shoot N for
nodulating and nonnodulating 'Lee' isolines, and net N returned to
the soil was estimated by the difference in dinitrogen-fixed Nand
seed N. Drought was significant the first year; only 19.5 cm of rain
fell during the podfill period. Rainfall and soil water were adequate
the second year. Tillage, cultivar, and inoculation did not consistently
affect the percentage of nodules formed by particular rhizobial strains,
individually, but specific treatment combinations significantly af-
fected nodular occupancy by certain strains. Inoculated 'Coker 338'
had the highest shoot total N accumulation in both years; however,
the difference between years overshadowed tillage, cultivar, or in-
oculation effects. For the 2-y period, percentages of N supplied by
N2 fixation were estimated to be 58 to 67% and 49 to 65% under
conservation and conventional tillage, respectively. Yields generally
did not differ significantly for tillage or inoculation; however, Coker
338 soybean was lowest in seed yield even though it had the highest
total N accumulation in the shoots. Estimates of net N returned to
the soil varied more between years than bet\t'een tillage treatments;
values ranged from 14 to 40 kg ha-1 in 1980 and 57 to 123 kg ha-1
in 1981.

Additional index words: Dinitrogen fixation, Strains, Inoculation,
Nonnodulation, Rainfall pattern, Soil nitrogen, Acetylene reduction,
Nodulation.

N ITROGEN accumulation and fixation are very im-
portant to soybean (Gl)'cine ma.'I: L.) growth and

yield. Total N accumulations of > 200 kg ha-1 are
common (Bhangoo and Albritton. 1976: Bezdicek et
al.. 1978; Kohl et al.. 1980; Hunt et al.. 1981; Patterson
and laRue. 1983). Net N returned to the soil (N ac-
cumulated from N2 fixation minus N removed in seed)
is also very important to crops that follow soybean in
rotation. Corn yields are generally increased following
soybean as opposed to continuous corn. These in-
creases have been attributed to both net soil N in-
creases and rotational effects. In the Midwest or other
areas with high N content soils. the annual balance of
N returned to the soil from soybean is likely to be
negative (Welch et al.. 1973; Johnson et aI.. 1974. 1975).
However. Kohl et al. (1980) and Patterson and LaRue
(1983) found N 2 fixation to account for 50 to 84% of
accumulated N as measured by both 15N dilution and
difference methods when large amounts of carbon-
aeous materials were used to immobilize soil N. In
the southeastern Coastal Plain. N.. fixation has ac-
counted for> 75% of accumulated N in soybean grown
on a loamy sand under irrigated conditions (Matheny
and Hunt. 1983). Under these conditions of high N2

fixation and total N accumulation, the annual return
of N to the soil may be positive.

Soil N levels, acidity, and temperature are known
to affect nodulation and N2 fixation (Weber, I 966a,
1966b; Bezdicek et al., 1974; Bhangoo and Albritton,
1976; Keyser and Munns, I 979a, 1979b; Lindemann
and Ham, 1979). These soil conditions differentially
affect growth and symbiotic performance of various
Rhizobium japonicum strains (Lindemann and Ham,
1979; Mahler and Wollum, 1980, 1981). Different pop-
ulations of R. japonicum strains are likely to cause
different nodule occupancy, and this, in turn, mayaf-
fect the N accumulation and/or soybean yield (Mu-
nevarand Wollum, 1981; Hunt et al., 1981, 1983; Wil-
liams and Phillips, 1983; Morris and Weaver, 1983).

There is currently increased interest in tillage prac-
tices that conserve natural resources while optimizing
profitable crop yield. Since 1973, conservation tillage
usage in the southeastern USA has increased nearly
80% (Christensen and Magleby, 1983). Conservation
tillage has been shown to affect the soil environment
(Bennett et al., 1973; Blevins et al., 1977, 1978, 1983;
Doran, I 980a, 198Gb; Tyler et al., 1983). It would,
therefore, seem reasonable that conservation tillage in
the southeastern Coastal Plain could affect R. japon-
icum nodular occupancy levels in determinate soy-
bean as well as N accumulation, N2 fixation, and yield.
These factors would also likely affect soil N carryover
to the subsequent crop. Lindemann et al. (1982) con-
cluded that conservation tillage did not greatly affect
nodulation, acetylene reduction, or seed yield of in-
determinate soybean grown in Minnesota. Yet, these
effects have not been documented for determinate soy-
bean grown on low N sandy soils. The purposes of this
study were to assess the impact of conservation tillage
and R. japonicum inoculation on (i) nodular occu-
pancy and nodulation patterns of introduced and in-
digenous R. japonicum strains, (ii) total N accumu-
lation, N2 fixation, and the net N returned to the soil.
and (iii) soybean seed yield.

MATERIALS AND METHODS
A split-split plot design with tillage as the main plot was

used. Soybean cultivars were the subplots. and inoculation
with R. japonicum was randomized within each subplot with
three or four replications in 1980 and 1981. respectively.
The soil was a Norfolk loamy sand (Typic Paleudult), and
fertilization for both years consisted of 28. 24, 46, and 56
kg ha-' ofN, P, K, and S, respectively. Dolomitic lime was
applied both years at a rate of 1120 kg ha-'. Tillage treat-
ments consisted of conventional vs. conservation tillage. The
conventional treatment was disked before planting, but the
consen"ation tillage treatments had no inversion of the soil
surface before planting. Planting was accomplished by theI Contribution of the Coastal Plains Soil and Water Conserv. Res.

Center. USDA-ARS. Florence. SC 29502. and the North Carolina
Agric. Res. Service in cooperation with the South Carolina Agric.
Ex~. Stn.. Clemson. SC 29631. Received 6 Aug. 1984.

Soil scientists. USDA-ARS. Florence. SC. and professor of soil
science. North Carolina State Univ.. Raleigh. NC 27650.

Published in .4gron. J. 77:579-584 (1985).

3 Mention of trademark, proprietary product. or vendor does not
constitute a guarantee or warranty of the product by the USDA or
the South Carolina Agric. Exp. Stn. and does not imply its approval
to the exclusion of other products or vendors that may also be
suitable.
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use ofa Brown and Harden Superseeder.3 The "superseeder"
has a cutting colter and a subsoil shank that precedes the
planter. Thus, this form of conservation tillage allowed in-
row subsoiling. Winter weeds were the vegetative cover for
both tillage systems. The conservation tillage system was
sprayed with paraquat (I, I '-dimethyl-4,4'-bipyridinium)
during the planting operation in order to kill the surface
vegetation. Other pesticides were applied at recommended
rates for conventional soybean production. Four soybean
cultivars ('Lee' and 'Lee-nonnodulating', group VI; 'Ran-
som', group VII; and 'Coker 338', group VIII) were planted
on 29 May 1980 and 14 May 1981. Split plots had eight 12-
m rows on 96-cm spacings in 1980 and eight l4-m rows on
76-cm spacings in 1981 for each cultivar. Rows were oriented
northwest by southeast in both years. Half of each split plot
was inoculated with strain 311 b 110 of R. japonicum at a
rate of 108 organisms per centimeter of row. The inoculum
was in an aqueous form and was applied directly to the
furrow and seed at planting (Weaver and Frederick, 1974).
The indigeneous population was 103 rhizobia per gram of
soil. Conventionally tilled soybean plots were cultivated when
necessary for weed control, but conservation tillage plots
received no cultivation.

Plant populations for Lee, Lee non-nod, Ransom, and
Coker 338 were 26, 30, 25, and 27 plants m-2, respectively,
in 1980; and 20, 17, 33, and 25 plants m -2, respectively, in
1981. Plant tops and roots were sampled from 30 cm of row
during the pod development stage (approximately R4). Sam-
pled plant tops were dried at 70 °C, weighed, ground to pass
a O.4-mm screen, digested with 3 mL of 30% H2O2 and 7
mL of H2SO4, and analyzed for total Kjeldahl N (TKN) on
a Technicon Auto Analyzer using industrial method 334-74
W /B (Technicon Industrial Systems, 1977). Total shoot N
is hereafter referred to as total N. Roots were assayed for N2
fixation by the acetylene (C2H2)-reduction method (Hardy

et al., 1968). Ethylene (C2H.) concentrations were deter-
mined on a Varian 940 gas chromatograph. Roots with at-
tached nodules were placed in self-closing plastic bags and
frozen until the nodules could be picked, cleaned, counted,
and weighed. All nodule weights are reported as fresh weights.
Soil samples were taken from the Ap, E, and B horizons at
approximately the R9 growth stage of soybean in 1981. They
were air-dried, ground, digested, and analyzed for TKN.
Rainfall was measured with a recording rain gauge, and soil
water was measured with tensiometers at 30- and 120-cm
depths.

Nodular occupancy of R. japonicum strains was deter-
mined by the microagglutination test on nodule suspensions
with antisera against USDA strains 31 I B24, 31 I b31, 31 I b46,
311b76, 311b94, 311b110, 311b122, 311b125, Brazil 587, and
North Carolina 1004. The 31 I b, Brazil, and North Carolina
prefixes will not be used in the remainder of the text. Twenty-
four nodules from the root system of each plot were analyzed
as described by Hunt et al. (1981). Due to cross agglutination
reactions between strains 31 and 587 and between strains
122 and 1004, these data were combined and presented as
31 and 122, respectively.

Nodular occupancy of rhizobia was statistically analyzed
on individual strains by using square root transformation,
al.dlysis of variance, and least significant difference (LSD)
as outlined by Steel and T orrie (1960). Strains were analyzed
separately because of nonhomogenous variances. Other pa-
rameters were also analyzed on yearly basis by analysis of
variance and LSD for planned comparisons.

RESULTS AND DISCUSSION

Rainfall Patterns

Rainfall patterns for 1980 and 1981 were quite dif-
ferent (Fig. I). In 1980 only 19.4 cm of rain fell during
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the podfill period, and soil matric potential at the 30-
cm depth exceeded -100 kPa during the first 40 days
of pod development. In 1981,31.5 cm of rainfall pro-
vided ample water prior to pod set, but the distribution
of 13.3 cm of water during pod set constituted a mild,
late-season drought. Prior to this time, the soil matric
potential did not exceed -100 kPa at the 30-cm depth.

Table I. Nodular occupancy by eight Rhizobium japonicum
strains as affected by soybean cultivar. tillage. and inocula-
tion with strain 110 of R. japonicum.

Tillage
Inocu-
lation 24 31 46 76 94 110 122 125

,'C', , %

1980

Conventional

Conservation

3
2
1
1

7
11

6
13

4
1
1
5

Lee

3 3 7
8 5t 4
8 lO~ 5
7 Otl: 0

Ransom

8
8
3
6

2
0

6t
It

22
16
21
28

1
0
3
0

4

2t
4
9t

7 0
7 0
6 0
4 0

Coker

12
9
7
3

0
0
0
0

6
4

5;t

O;t

Conventional

Conservation

Conventional

Conservation

CV,
1981

1
0
0
0

77

10
19
13
16
35

8
6
3
9

39

12
8

11
7

31

9
14
11
10
44

2
0
1
1

59

3
4
2
2

56

4
4

11
4

48

Lee
9

13
11
20

8
6
4
2

6t 1~ 9~
5 4~ 20~
011 O§ 20
4~ 4§ 10

Ransom

2
0

4~
O~

13
8
6
7

0
0
0
0

Conventional

Conservation

Conventional + 7 14t 61ft 14 2 3ft 0
-5 5t 7 5t 26 0 lIt 0

Conservation + 9 14 6 6t 11 ot 8t 0
-12 8 6 6 12 3t 9 0

Coker

Conventional + 13t 7t 6t 3 13 1 t 11 1
-15 6t It 2 18 0 6 0

Conservation + 15 6t 7§ 8t 266ft 10 0
-lOt 15ft 1§ 3t 16 2t 8 0

CV, 36 30 41 44 31 60 28 29

t:l:.§ Means for the same year. serogroup, and cultivar followed by an tare
different for tillage and those means followed by a t or § are different
for inoculation by the LSD test at the 0.10 level when analyzed
after a square root of (mean + 0.5) transformation.

, CV values were calculated from transformed data; therefore. means
within a column should be transformed by a square root of Imean +
0.5) before comparing to CV values.

servation tillage were significantly different in nodular
occupancy for five of the eight strains. On the other
hand, no change in nodular occupancy of the eight
strains was caused by inoculation of Lee under con-
ventional tillage. Thus, it is apparent that tillage, cul-
tivar, and inoculation interacted to cause different R.
japonicum occupancy patterns, but they did not in-
dividually cause consistent major effects.

In addition to the actual nodular occupancy of soy-
bean roots, inoculation of 108 organisms of strain 110
per centimeter of row probably caused some differ-
ences in the rhizosphere microbiology. This effect, along
with the change in nodular occupancy patterns of
strains other than 110, may help to explain significant
crop responses to the seemingly small differences in
nodular occupancy of strain 110.

Nodulation and Acetylene Reduction

Nodule number and weight were greater in 1981
than in 1980 (Table 2). Although the yearly effect pre-
dominated, some responses to tillage and inoculation

Rhizobium japonicum Nodular Occupancy

In 1980 and 1981, nodules formed by unidentified
strains were 53 and 42%, respectively. The large num-
ber of unidentified strains in this and in most other
studies conducted in the southeastern USA is a de-
terrent to a clear understanding of R. japonicum no-
dular occupancy patterns and the response of soybean
growth and yield (Annual Reports of Southern Re-
gional Projects S-112 and S-170, A. G. Wollum II,
Chairman). Yet, certain trends can clearly be seen.
Tillage affected the nodular occupancy of strain 125
in 1980 and strain 110 in 1981 (F significant at 99 and
97% levels, respectively), but tillage alone did not have
a major effect on nodular occupancy. Similarly, in-
oculation alone was not a major factor in nodule oc-
cupancy, but inoculation interacted at F significance
levels> 90% with tillage for strains 46 and 94 in 1980
and 24,31, and 94 in 1981. Cultivar was an important
factor for nodular occupancy in 1980, while the in-
teraction of cultivar and inoculation seemed to be im-
portant in 1981. Strains 24 and 94 had higher nodular
occupancy rates in 1981 than in 1980 (Table 1). This
result would be expected based on reports that these
strains are particularly susceptible to moisture stress
(Mahler and Wollum, 1980, 1981).

In 1980 Ranson had significantly higher nodular oc-
cupancy of strain 31 than did Lee (P~0.05), but lower
occupancy of strain 125 (P:sO.Ol). Ransom was also
lower than Coker 338 in nodular occupancy of strain
94 (P:sO.Ol). Strain 46 was lower in nodular occu-
pancy for inoculated soybean under conservation til-
lage, but the reverse was true for strain 94 (P~0.05).
Thus, strain 31 seemed to be affected more by plant
selection factors, while 46 and 94 seemed to be affected
more by the microbial and environmental factors.

In 1981 nodular occupancy patterns were consid-
erably more complex. Three strains had significant til-
lage X cultivar interactions. Additionally, in 1981 there
were five strains with significant cultivar X inocula-
tion interactions, and three of these had significant
tillage X cultivar X inoculation interactions (Table
1). Coker 338 was higher in strain 46 occupancy when
inoculated (P~O.OI), but Lee was lower in strain 76
occupancy after inoculation (P:s0.05). As in 1980,
Ransom had higher strain 31 occupancy than did Lee
(P~0.05), and it also had the highest strain 46 occu-
pancy (P~O.O 1). Lee had the highest strain 24 occu-
pancy (P~0.05).

Nodular occupancy of strain 110 was higher for the
inoculated soybean (P~0.03), and it was also higher
for conservation tillage soybean (P:s0.03). Under con-
servation tillage, strains 24 and 94 had lower occu-
pancy for inoculated soybean (P~0.05). Strain 31 had
increased occupancy in inoculated soybean conven-
tional tillage (P~0.05).

Inoculated and noninoculated Coker 338 under con-
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Table 2. Nodulation and N. fixation (acetylene-reducing activityl as affected by soybean cultivar, tillage, and inoculation with strail
110 of R. japonicum.

Cultivar Inoculation Conv

Coker 338

Ransom

Lee

34
56
54
53
30
43

98
183
101

92
73

118

51
47
30
39
55
38

112
117
III
104
138
93

0.32
0.72
0.42
0.40
0.27
0.52

0.55
0.50
0.19
0.23
0.58
0.67

1.80
3.86
1.14
1.05
0.87
1.47

1.46
2.27
1.43
1.54
2.10
1.18

LSD (0.10) 0.53 1.11

Specific nodule activity (p.mol C.H. hr-' g-
1980 1981

21 55

Total nodule activity (,.mol C.H.h-' plant-')
1980 1981

Coker

Ransom

7
2
1
2
1
1

19
28

5
8
7
5

15
23
12

9
11

9

3
1
7
2
1

113
2
2
8
4
5

5
2

82
7
2
1

11
7
4
7
8
3

10
12
9
9
6Lee

Table 3. Total N accumulated by soybean grown on a Norfolk
loamy sand with different tillage and R. japonicum inocula-
tion.

1980
1980
Conservation

Conventional

0.80
0.77
0.66
0.78

1.04
1.16
0.83
0.86

1.02
0.92
0.94
0.89

0.66
0.46
0.88
0.49

0.49
0.60
0.45
0.57

0.53
0.66
0.68
0.65

0.56

0.49
0.22

0.33

Conservation

Conventional

LSD 10.1010.34
(0.0510.42

1.52
1.71
1.78
1.91

2.00
1.80
1.94
2.01

2.20
1.59
2.05
2.04

1.67
1.97
1.86
2.35
1.78

1.58
1.71
1.13
1.17

1.57
1.65
1.65
1.43

LSD (0.10) 0.26

1981

Conservation

Conventional
0.63

0.58

1.36

1981
Conservation

Conventional LSD 10.051 0.35

under conservation tillage was increased by inocula-
tion in both years. These differences in Coker 338 were
expressed in total N accumulation, but not in yield.
This was probably related to the fact that Coker 338
is a group VIII soybean that can accumulate large
amounts (~ 6 MG ha-l) of dry matter before pod set
(Karlen et al., 1982)

LSD (0.101 0.36
10.0510.44

occurred. Lee soybean, when inoculated, had a higher
number of nodules under conventional than conser-
vation tillage in both years. Nodule weights were also
numerically higher in 1980 and statistically higher in
1981, but these differences were not expressed in either
total or specific C2H2-reduction activity. However,
noninoculated Lee grown under conservation tillage
had the lowest specific C2H2-reduction activity and
the lowest seed yield for that cultivar in 1981. Ransom
had no consistent differences between inoculated and
tillage treatments for nodule numbers or weights in
either year. Inoculated Ransom under conservation
tillage had the lowest total and specific activity for this
cultivar in both years, but this was not expressed in
either total N per plant (Table 3) or seed yield (Table
4). Coker 338 soybean had no differences between
treatments for nodule number or weight in 1980. In
1981, inoculated plants had fewer nodules, lower
weights, and higher specific C2H2-reduction activity
than the noninoculated plants under conservation til-
lage. Specific C2H2- reduction activity for Coker 338

Total Shoot Nitrogen Accumulation

No significant treatment effects for inoculation, cul-
tivars, or tillage for total N per plant occurred in 1980
(Table 3), but a significant (P::50.03) inoculation by
cultivar interaction existed. Inoculated Coker 338 soy-
bean plants contained more total N than noninocu-
lated plants. Inoculated, Coker 338 was also higher in
total N accumulation than Ransom or Lee under either
tillage treatment, but the reverse was true for noni-
noculated Coker.

Based on the differences between Lee and Lee non-
nod in 1980, 58 to 67% of the N accumulated by Lee
soybean was supplied by N2 fixation under conser-
vation tillage, while 49 to 51 % was supplied by N 2
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yield difference could have been caused by the direct
effect of superior N 2 fixing performance of strain 110
relative to the indigenous population under conser-
vation tillage. However, N 2 fixation data do not sup-
port this hypothesis, and the hypothesis is also weak-
ened by the fact that nodule occupancy by strain 110
was not greatly different for the inoculated and non-
inoculated Lee soybean, 4 and 0%, respectively. The
response of yield to inoculation may have been du(:
to a shift in the nodular occupancy pattern of other
strains; the inoculated Lee under conservation tillage
had 10% more occupancy of strain 94 as well as 9, 4,
and 4% less occupancy of strains 24, 46, and 76; re-
specti vely.

fixation under conventional tillage. Yasilas and Ham
(1984) found the difference method and isotope di-
lution method to be very similar for estimation of
soybean N 2 fixation. These differences between tillage
treatments would be expected as a result of increased
immobilization and slower mineralization ofN in con-
servation-tilled soil compared with conventionally
tilled soil. Similarly, a generally low accumulation per
plant would be expected from the very dry soil con-
ditions of 1980.

Total N accumulations by cultivars were signifi-
cantly different (P~O.O I) in 1981, but differences due
to tillage or inoculation were not significant. Coker 338
was numerically higher than Lee or Ransom for all
inoculation and tillage combinations, but only with
inoculation were the differences clearly significant. As
in 1980, the inoculated, conventionally tilled Coker
338 had the highest total N accumulation.

Oinitrogen fixation in 1981 was estimated to supply
60 to 62% of the total N for Lee soybean under con-
servation tillage, and it was estimated to supply 59 to
65% under conventional tillage. Thus, tillage did not
significantly impact the percentage of N supplied by
N2 fixation in 1981. Total and fixed N, however, were
both much higher in 1981 than in 1980.

Nitrogen Returned to the Soil

One can estimate the net N returned to the soil from
the shoot after removal of the seed from Lee soybean
by use of Eq. [I].

Net shoot N returned to the soil,

kgha-I=A-B-C, [I]

Yield

In the dry year, 1980, soybean yielded an average
of 0.89 Mg ha-l, and in the more plentiful rainfall
year, 1981, soybean yielded an average of 1.88 Mg ha-1
(Table 4). Yields for these years were different at the
P:sO.O I level. The 2-y mean yield for conventional
tillage, 1.47 Mg ha-l, was not significantly different
from the conservation tillage mean of 1.44 Mg ha-l.
These findings are generally consistent with the results
reported by Campbell et al. (1984) for soybean grown
on other treatments and soil in the South Carolina
Coastal Plain. However, yields for conservation tillage
were higher by 0.12 Mg ha -I in 1980 and lower by
0.15 Mg ha-1 in 1981, when compared with conven-
tional tillage yields (P:sO.l). Yield of the Lee non-
nodulating soybean were higher under conservation
than conventional tillage in both 1980 and 1981. This
was probably a result of conservation of moisture by
the residue and a lower consumptive use of water from
the smaller conservation tillage plants in 1980.

Two-year mean yields were not significantly affected
by inoculation; yields were 1.48 and 1.47 Mg ha -I for
the noninoculated and inoculated treatments, respec-
tively. The mean yield for Coker 338 was significantly
lower (P:s0.05) than that of Lee or Ransom. This lower
yield can be partially explained by the fact that Coker
338, a group VIII soybean, needed water longer into
the growing season to support pod set and seed de-
velopment. The lack of seed yield response to higher
N accumulation in soybean was consistent with pre-
vious reports (Hunt et al., 1981; Morris and Weaver,
1983). A lack of correlation between total accumulated
N in the soybean plant and seed yield makes gener-
alizations about the net N returned to the soil difficult.

The rainfall pattern in 1981 allowed for the expres-
sion of more subtle treatment differences in yield. For
instance, with conservation tillage, inoculation in-
creased the yield of Lee soybean by 0.61 Mg ha -I. This

where
A = total N [(kg plant N-') (plant population m-2

X 104)]
B = soil supplied N, [(kg plant N-I, Lee non-

nod)(plant population m-2 X 104)]
C = seed N, [seed yield (kg ha-l) X (0.065)]
Plant densities for Lee and Lee non-nod were 26

and30m-2in 1980 and 20 and 17m-2in 1981. When
mean data for Lee soybean are used, Eq. [I] provides
estimated ranges of 14 to 40 kg ha-1 in 1980 and 57
to 123 kg ha -I in 1981 for net shoot N returned to the
soil. The 123 kg ha-1 was caused by the low yield of
the noninoculated, conservation-tilled Lee soybean.
Major differences in net shoot N return to the soil were
associated with seasonal and rainfall pattern rather than
tillage or inoculation. Coker soybean, group VIII, had
higher shoot N accumulation per plant, higher plant
density, and a lower seed yield than Lee. This would
likely produce a much greater net N return to the soil.

Values of soil N concentrations were obtained from
samples composited across inoculation and cultivar
treatments. The total profile N content was not dif-
ferent for tillage treatment, but distribution was sig-
nificantly different. At the 0- to 5-cm depth, conser-
vation-tilled soil contained over 100 Jig g-1 more N
than the conventionally tilled soil (503 vs. 396 Jig g-l).
Other workers have also reported a higher concentra-
tion of N as well as a lower pH in the surface of con-
servation tillage soils (Blevins et al.. 1977, 1978). This
could have deleterious effects on herbicide effective-
ness and crop production. Soil pH values in the upper
10 cm of soil in the spring of 1982 were 5.7 and 5.3
for conventional and conservation tillage, respec-
tively. These reductions in pH could probably be con-
trolled by an adjustment of annual liming rates.

CONCLUSIONS

I. Seasonal differences, presumably due to rainfall,
affected nodule occupancy by R. japonicum strains, N
accumulation, and yield of determinate soybean under
either conventional or conservation tillage on a Nor-
folk loamy sand.



584
AGRONOMY JOURNAL, YOLo 77, JULY-AUGUST 1985

"""mo",of"""omN","m'd"",,",,w,"""'""""9800"d "8' ,od"bo,o'il"",,"'m,
wi,'o,wi,oowi"oc""ioow"'",oio"Oo£R#porn,"oc

"Mo~"~o""'OCOO'd",m,m"OO'"od,,
,"odiogo£No,rumwo,iooood "cld;" ,",beooo,
wcllo,N mom"moo'," ';'"g'"",m,ro,,ood,
10wN,","0£",SO","'",

REFERENCES
Bennett, C.L., E.L. Mathias, and P.E. Lundberg. 1973. Crop re-

sponses to no-till management practices on hilly terrain. Agron.
J.65:488-491.

Bezdicek, D.F., D. W. Evans, B. Abede, and R. W. Witters. 1978.
Evaluation of peat and $ranular inoculum for soybean yield and
N fixation under irrigatIon. Agron. J. 70:865-868.

-, R.F. Mulford, and B.H. Magee. 1974. Influence of organic
nitrogen on soil nitrogen, nodulation, nitrogen fixation. and yield
of soybeans. Soil Sci. Soc. Am. Proc. 38:268-273.

Bhangoo, M.S., and D.J. Albritton. 1976. Nodulating and non-no-
dulating Lee soybean isolines response to applied nitrogen. Agron.
J. 68:642-645.

Blevins, R.L., L.W. Murdock, and G.W. Thomas. 1978. Effect of
lime ~pplication on no-tillage and conventionally tilled com. Agron.

J. 70.322-326.
., G. W. Thomas, and P .L. Cornelius. 1977. Influence of no

tillage and nitrogen fenilization on cenain soil propenies after 5
years of continuous com. Agron. J. 69:383-386.

-, -, M.S. Smith, W.W. Frye, and P.L. Comelius. 1983.
Changes in soil propenies after 10 years continuous non-tilled
and conventionally tilled com. Soil Tillage Res. 3: 135-146.

Campbell, R.B., R.E. Sojka, and D.L. Karlen. 1984. Conservation
tillage for production of soybean in the U.S. Southeastern Coastal
Plain. Soil Tillage Res. 4:531-541.

Christensen, L.A., and R.S. Magleby. 1983. Conservation tillage use.
J. Soil Water Conserv. 38:156-157.

Doran, J. W. I 980a. Microbial changes associated with residue man-
agement with reduced tillage. Soil Sci. Soc. Am. J. 44:518-524.

-.I 980b. Soil microbial and biochemical changes associated
with reduced tillage. Soil Sci. Soc. Am. J. 44: 765- 771.

Hardy, R. W.F., R.D. Holsten. E.K. Jackson, and R.C. Burns. 1968.
The acetylene-ethylene assay for N2 fixation: Laboratory and field
evaluation. Plant Physiol. 43:1185-1207.

Hunt, P.G., A.G. Wollum II, and T.A. Matheny. 1981. Effects of
soil water on Rhizobium japonicum infection. nitrogen accumu-
lation, and yield in Bragg soybeans. Agron. J. 73:501-505.

-, T.A. Matheny. D.C. Reicosky, A.G. Wollum II, R.E. Sojka,
and R.B. Campbell. 1983. Effect of irrigation and Rhizobium ja-
ponicum strain 110 upon yield and nitrogen accumulation and
distribution of determinate soybeans. Commun. Soil Sci. Plant
Anal. 14:223-238.

~


