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Effects of Sdil Watcr on Rbiza-bimn ’iaponicmvn VIn‘fection, Nitrogcn Accuniulation,
‘and Yield in Bragg Soybeans' |
P. G. Hunt, A. G. Wollum, I, and T. A. Matheny?

ABSTRACT
Low so0il water contents may: be involved in the lack
of success of soybean inoculation in southeastern U.S.
soils having high indigenous populations of Rhizobium
This study was conducted to assess the effect
of soil water on the inoculation, biomass, N accumula.
tion, and yield of soybean [GI max (L.) Mem.].
‘Bragg’ soybeans were inoculated with 10* cells/cm row
of R. japonicum (strain 110) and under both
irrigated and nonirrigated conditions on a Norfolk loamy
sand (Typic Paleudult) in a split plot design. Rainfall
maintained the surface soil above —250 mb matric po-
tential until the late flowering stage of growth. Subse
quently, a seasonal drought created treatment differences
between irrigated and nonirrigated plots resulting in a
twofold increase in seed yield due to irrigation (3,160
vs. 1,682 kg/ha). Inoculation increased the percentage
infection by strain 110 from practically 09, ba und
to about 209%,. Inoculation increased wth and total
N accumulation in pods, petioles, and leaves of Bra
soybeans under irrigated conditions. Under nonirrigat
conditions, the increased infection of strain 110 appeared
to induced a negative response in the vegetative growth”
of Bragg soybeans. Nitrogen concentration was also
significantly lower in the leaves and pods of n ated-
inoculated plants. These differences were not observed in
N content of the mature sced, and inoculation did not
significantly affect seed yield. These findings indicate
that R. japonicum strain X environment interactions may
be im t for soybean growth and yield in the south.
east United States. '
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WATER deficits and excesses are probably the

most common limiting factors to crop yield in

the southeastern- Coastal Plain. Physical barriers to
root development and low water holding capacities
along with erratic rainfall patterns are contributing
factors (Campbell et al., 1974; Martin et al, 1979;
Doss et al., 1974). However, subsoiling and irriga-
tion can alleviate water stress, and irrigation is rapidly

increasing in the southeastern United States %leicosky
et al, 1976; Doty et al, 1975; and Campbell and
Phene, 1977). Consequently, ‘other yield limiting

factors such as N supply and its inteéraction with water
management will become more important. Soils of
the Southeast are typically low in N; the high annual
rainfall causes leaching and denitrification of both
mineralized and applied N. Under these conditions,
fixation of N by soybeans is quite important. Total
accumulations of 225 to 450 kg/ha of N by ‘Lee’
soybean [Glycine max (L.) Merr.] in North Carolina
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were reported by Henderson and Kamprath (1970),
while Batchelor and Scott (1979) reported 112 to 269

~kg/ha of N accumulation in ‘Lee 74’ soybean in Ar-

kansas. Nelson and Weaver (1980z reported greater
than 300 and 75 kg/ha, respectively, for nodulating
and nonnodulating Lee soybeans.

The infection of soybean by efficient Rhizobium
japonicum strains could be an important aspect of
higher soybeans yield under intensive soil and water
management. Unfortunately, the formation of nodules
by a new strain in a soil containing indigenous popu-
lations of rhizobia has not been successful (Weber et
al,, 1971; Weaver and Fredrick, 1974a, 1974b). Extreme
temperatures, acidity, and moisture are possible de-
triments to inoculation with desired strains eber
and Miller, 1972; Keyser and Munns, 1979a, 1979b;
Osa-Afiana and Alexander, 1979; Pena-Cabriales and
Alexander, 1979). The objectives of this study were
to assess the interactions of irrigation with inoculation,
as expressed by N accumulation and yield of ‘Bragg’
soybean.

MATERIALS AND METHODS

A randomized complete block design with a split plot for
inoculation and three replications was used in 1978 on a Nor-
folk loamy sand (Typic Palendult) with irrigation as the main
plot treatment and inoculation as the split plot treatment. Main

lots had six 10.7-m rows on 96-cm spacings. Soil was analyzed

y the Clemson University Soil Test Laboratory, and pertinent
soil characteristics are fiven in Table 1. The soil was fertilized
with 220 kg/ha of 0-14-22 fertilizer and 45 kg/ha of Ca as cal-
citic limestone, disked, and planted to Bragg (group VII) soy-
beans on 17 June 1978. About 26 seeds/m row were placed at
a _dei)th of 25 cm. Frozen liquid inoculum supplied by Micro-
life Inc® was diluted and applied directly on the by use
of a buret with 10® organisms/cm of row of strain 3Ilb 110
Rhizobium japonicum. Seeds were then covered by use of a
hoe. - The background R. jafanicum population was approxi-
mately 10* organism/g of soil.

Tensiometers were placed in the rows at depths of 0.3, 0.6,
09, 1.2, and 1.5 m, and irrigation water was applied to main-
tain the soil matric potential below —250 mb at the 0.6-m depth

~ in the irrigated plots. Irrigation water was applied through
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_pods. Sampl

‘not constitute a guarantee or warranty of the product

trickle irrigation tubing. Rainfall and evaporation were moni-
tored by use of a rain gauge and evaporation pan, respectively.
Plant heights were measured twice per week; plant tops and
yoots were sampled from approximately 30 cm of row 36, 63,

78, and 104 days after planting.” These dates roughly correspond-

ed to growth states V,, Ry, Ry, 2nd R, respectively (Fehr et al.,
1971). The tops were divided into stems, petioles, leaves, and

etP lants were dried, weighed, ground, digested in
a block digester, and analyzed for total Kjeldahl N by use of a
Technicon Auto Analyzer. Seed yields were taken 5 m
of the middle four rows of plots, and seeds were anal for
oil and protein (Rinne et al, 1975). The root nod were
sampled by removing a core of roots and soil 25 cm in diameter
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Table 1. Soil nutrient status of the Norfolk loamy sand.

Horizon Depth pH P K Mg Ca
kg/ha

A, V 0-30 60 . 146 - 126 181 437

A, 30-45 5.8 65 85 123 166

B 45+ 5.0 9 213 266 428

Table 2. Nodule formation by strain 110 Rhizobium japonicum
in Bragg soybeans grown on a Norfolk loamy sand soil.

Nodule formation (%)

Treatment Day 361 Day 63* Day 104**
Nonirrigated . . :

Inoculated : 40 25a 26a

Noninoculated o 4b © o 1b
Irrigated :

Inoculated 26 14a 19a

Noninoculated 4 1b . ob

* Values for Day 63 followed by the same letter do not differ significantly
at the 0.06 level (Duncan’s Multiple Range Test).

** Values for day 104 are compared at the 0.01 level.

t Values for Day 36 are single observations.
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Fig. 1. Rainfall and irrigation distribution during the growing
season.

with a cylinder centered on the row and driven to a 30-cm
depth. Roots and nodules were gently separated from the dry
sandy soil. Nodules were frozen until analyzed serol Hy.

The distribution of R. ja{mnicum strains in nodules was
evaluated using a micro-agglutination test on nodule suspensions
with ‘antisera against U.S. Department of Agriculture, strains
311b24, 311b31, 3I1bd6, S1Ib62, 311b76, 311bo4, 3IIbl10, 3IIb122,
811b123, and 8Ilb125. These strains have been r;grted to be
in North .Carolina soils (Borges and Wollum, 1980).

Twenty-four nodules were randomly selected from root sys-
‘tems of four plants from each of the plots, washed thoroughly
with distilled water, and placed in individual 5-ml vials con-
taining 2 ml of 0.55%, saline solution (NaCl). The nodules were
crushed and heated at 100 C for 30 min to eliminate nonspecific
(H) flagellar antigen. Cell _susggnsions were adjusted to an
optical density of about 0.6 at 520 nm. -

The micro-agglutination tests were made by placing 0.025
ml of the antigen (nodule suspension) into the wells of Lucite
plates containing an equal volume of each of the diluted anti-
serum of the 10 R. japonicum strains, The plates were sealed
with plastic sealing tape, gently rotated to thoroughly mix anti-

gen and antiserum, and incubated in 2 water bath at 53 C for
5 hours. After removal of the sealing tape, agglutination re-
actions were observed under a 6 X 10 stereo microscope.

" 'RESULTS AND DISCUSSION

Ample but not excessive rain fell during early vege-
tative growth, but drought occurred during the fruit-
ing period of the soybean growing season. There was
27.5 c¢m rainfall witz good distribution before flower-
ing, but after flowering, 20.5 cm of irrigation water
was required to maintain desired soil water potential
(Fig. 1). Water extracted from the lower profile in the
nonirrigated plots delayed moisture stress into the
drought period. However, by Day 100 after planting,
tensiometers at the 1.5-m depth in the nonirrigated
plots exceeded —800 mb.

Nodule formation by strain 110 was high for field
conditions (Table 2), with the lowest residency in inoc-
ulated plots being about 149,. Infection of less than
5%, with the inoculated strain has frequently been
found (1977, 1978, 1979 Annual Reports of Regional
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Committee S-112, Enhancing biological denitrogen fix-
ation in soybeans and other legumes). Good conditions
for early survival:of strain 110 R: japonicum existed
in both water treatments. Strain 110 represented 49,
or less of the nodule infection of soybeans in nonino-
culated plots. Thus, the increased incidence of strain
110 in inoculated plants provided the opportunity to
investigate the impact of strain 110 upon growth, N
accumulation, N distribution, and yield of Bragg soy-
beans. S : :

A significant F-test (0.05) interaction between inocu-
lation and irrigation was found for plant weight. Mean
biomass for the drought period was significantly higher
for ‘inoculated than noninoculated treatments under
irrigated conditions (42 vs. 27 g/plant). However, un-
der the drought stress, infection with strain 110 had
a tendency to have a negative effect on biomass ac-
cumulation (Fig. 2). Biomass accumulations under
noninoculated treatments were not different for irriga-
tion. Plant heights were not different among t
treatments. .

Nitrogen concentrations in the stems and petioles
were not statistically different at any time during the

'} I [l A 'y A 'l [ o |

season for any treatment (data not shown). On Day
78 after planting, the leaf N content of the inoculated

. 'plants was higher in. the irrigated than the nonirri-

gated plots at the 0.1 level, but there was no significant
difference for irrigation when noninoculated sTable
3). One hundred and four days after planting, leaf N
concentrations were statistically (0.05 level) higher in
the irrigated and inoculated plants than in plants of
either nonirrigated treatment. Also, for all dates, un-
der irrigation, the mean leaf N in inoculated plants
was statistically (0.1) higher than that of the noninocu-
lated plants. S :

The difference in leaf N concentration according to
Boote et al. (1978) probably affected the plant C ac-
cumulation. The N concentration of nonirrigated and
inoculated soybean pods was statistically lower than
that observed with all other treatments 78 and 104
days -after planting. These differences in biomass and
N concentration resulted in no difference in N accu-
mulation in the stem, but large differences in accumu-
lation in the petioles, leaves, and pods (fFig. 3). The
leaf N'in particular was dramatically affected by the
significant (0.05 by F-test) inoculum X irrigation in-
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Fig. 3. Nitrogen accumulation and distribution during the growing season. (Only means on the same date followed by different letters
are different by the Duncan’s Multiple Range Test at the 0.1 level).
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Table 3. Nitrogen concentration in Bragg soybeans grown on a Nortolk loamy sand inoculated with strain 110 Rhizodium japonicum.

N concentration (%)*

) ) Leaves Pods )
Treatment Day 36 Day63 . Day 78 ‘Day 104 Mean Day78. Day 104
Nonirrigated s : o
. Inoculated s - 8.93a 5.04a 4.22b 3.78¢ 4.27b 8.52b - 8.85b
. Noninoculated .- . 428a 6.14a 4.62ab 3.95 be " 4.60 ab 421a 4.57a
Inoculated - K ) 4.20a 5.06a 4.99a 4.58a 471 a . 44l1a ) 4.79a
Noninoculated . 8.39a 5.13a 4.68 ab 4.38ab 4.35b 4.34a . 478a

and the means are compared at the 0.1 level.

* Column values followed by the same letter do not differ significantly at the 0.05 level according to Duncan’s Multiple Range Test except leaves on Day 78

teraction. With the population of 26 plants/m, the
N accumulation on Day 104 after planting was ap-
proximately 450 and 320 kg/ha for inoculated and non-
inoculated soybeans, respectively, when irrigated. The
nonirrigated soybeans accumulated approximately 220
and 270 kg/ha of N for inoculated ang noninoculated
conditions, respectively. These data show a dramatic
response to strain 110 inoculation under irrigated
conditions. Considering the low N supplying capacity
of the Norfolk loamy sand soil, these data support
Nelson and Weaver’s (1980) conclusions that determi-
nant soybeans are able to supply much of their N
need by fixation. The data algo support the concept
that more efficient strains can improve N fixation and
accumulation (Weber et al., 1971). However, the low-
er accumulations of N under nonirrigated conditions
indicate that environmental factors are very important
in the response of soybeans to introduced strains of
R. japonicum.

Although the inoculum X irrigation interaction was
significant in several ?cts of the vegetative growth
of the plant; yields, seed protein, and oil content were
not significantly affected (Table 4). Irrigation in-
cre the yield from 1,309 to 3,012 kg/ha, but inocu-
lation did not significantly increase yield under irri-
gation nor did it sufpress yield under nonirrigated
conditions. This lack of yield response to increased
biomass and N accumulation associated with the in-
troduction of strain 110 suggest that factors other than
N limited yield. These data support the conclusions of
Nelson and Weaver (1980) that determinant soybeans
can supply needed N and maintain leaf N. They also
suggest that factors other than the C and N limitations
proposed by Sinclair and DeWit (1976) limit determi-
nant soybean yields. However, the data showed a
trend similar to that of the biomass and N accumula-
tion: yield from the inoculated treatments was nu-
merically higher in yield by 155 kg/ha under irrigated
and lower by 64 kg/ha under nonirrigated conditions.
Consequently, under inoculated conditions there was a
219 kg/ha numerically greater response to irrigation
than under noninoculated conditions.

SUMMARY AND CONCLUSIONS

Liquid inoculum of strain 110 at 10® organisms/cm
of row was sufficient to increase the percentage of
strain 110 infection in Bragg soybeans on a Norfolk

Table 4. Seed quality and yield of B:i‘ti soybeans grown on a

Norfolk Joamy sand soil inocula strain 110 Rhizobium
Japonicum. *
Treatment Protein®, % oil, % Yield, kg/ha
Nonirrigated
Inoculated : 413a 21.1a 1277 a
Noninoculated 40.8a 208a 1341a
Irrigated )
Inoculated 414a 2048 8089 b
Noninoculated 4l4a 2058 2084 b

* Column values followed by the same letter do not differ significantly at
the 0.05 level according to Duncan’s Multiple Range Test.

loamy sand soil having an indigenous rhizobia popu-
lation. Vegetative growth and N accumulation re-
sponded to the increased strain 110 infection under
irrigated conditions, but yield was not statistically
increased.

These data point to an inoculant strain X water
interaction, and indicate that strain efficiency must
be assessed in relation to environment. This greatly
complicates the task of selecting and recommending
host-strain combinations for broad geographical areas
and agronomic Igrattices. Research is needed on the
interactions of R. japonicum inoculant infection and
performance in soybeans under different management
conditions.
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