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Effect of Salinity on the Functional Components
 
of the Soybean-Rhizobium japonicum Symbiosis
 

P. W. Singletov .id 

ABSTRACT 

A split-root solution culiure sytem was used to partitionthe 


fects of s.laity on the functional components of the soybean 
[Glycim as (L) Merr] - Ekix.&ianmJpoaicun; symbiosis. Nod-
aks wreoUBned to halfof the root system. After nodules were 
well dveloped (40 days from ploutina), 120 mM NaC was ap-
plied to the half-ot systems in :be fonlowing combinations: 1) 

therhalfroot sys2t3 1) partially stresseduustreMd,no salt to 
shoot and uanutsed sodules, salt to only t nonnodulated half-
roo syste 3) pmrtially.tressd shoot ard stmesaed noduls, sit 
toonly the modulsted half-rot system; and4) stressed whom and! 
nodules, salt to both half-root systems. Lear osmotic potentials 
(#) for the four treatments were: 1) -1.0.; 2) -1.12; 1.I) -0.70;3) -1.23; 
and 4) -1.83 MPa. NoO %eJs for the tre-Atments we 

2) -0.72; 3) -1.12; an *j -. Li Mr. While toei an -im 
ltrouenase activity .i well as shoa N content were suppressed 

In tr.atment3, the greatest decrease in activity and shoot N was 
observed wben the plant was stressed by having both half root 
sywua.m in salt (treatment4). The rateof leaf expansion in treat- 
.ent 4 was half the rate observed in the other treatmeats. We 
conclude that reduced N, fixation by nodulated soybeans grow­

inginsalieenvironmentswasmorearesultoftheeffectofsalt 
tn Wta*,a and expansion, than the drect action of sdt us the 
functional processes of the nitrogenase system. 

AaAitdiul index awrd Nitrogenase activity, Split.root, 0o. 

noti potential, Glycime se 


HElegume-Rhizobiu symbiosis is a nighly inte-
process involving a complex interaction 

bntweerl the host and microorganism. A constanit ex-
change 6fmetabolites takes place between plant pho-

tosytn corand root-nodules. PhoLosy ate
toynthetic organs an ooence 
enters the nodule by phloemn transport where it is 
either respired for nodule growth, maintenance, and 
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reduction of N2 or reexported to the shoot combined 
with fixed N 2 (Pate, 1976). The production and flow 
of amino compounds, as with other assimilates, is reg­
ulated and ultimately partitioned to growth points 
and reproductive sinks in relation to growth potential 
(Lewis and Pate, 1973). Therefore, any stress that 

undecreases photosynthesis and plant growth will 
doubtedly affect N2 fixation. 

Soil stress may decrease symbiotic efficiency to lev­
els below the genetic potential of a host-Rhizobium 
strain combination. The stress could decrease the ac­
cumulation of symbiotically derived N by either af­

fecting shoot photosynthesis and yield potential or 
by directly affecting processes within the nodule. Due 
to the integrated nature of the functional processes 
of the symbiosis it becomes difficult to assess the rel­
ative sensitivity of host and microorganism to stress. 
By identifying the components or processes of the 

to the soil stress,symbiosis that are most sensitive 
efforts to increase N2 fixation in these environments 
may then focus on the proper component. Singleton 
et a]. (1982) have indicated that the ability of Rhi­
zobiun to grow and survive probably does not limit 

fixation in saline environments.N2 
The same soil stress that decreases plant growth, 
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may also directly affect the processes within the root-
nodule. Sprent (1972) observed a 5097 decline in ni-

trogenase activity within 19 min of exposing the en-
tire nodulated root system of soybean plants to 120 
mM NaCI. Exposure of detached soybean nodules to 
1 .1NaCi also depressed nitrogenase activity. 

Lauter et al. (1981) showed that salinity adversely 
affected nodule weight and total nitrogenase activity 
of chickpea (Citer arietinum L.). Similar results were 
obtained for soybean and alfalfa (Medicago sativa L.) 
by Bernstein and Ogata (1966) and for Glvcine wighlii 
by Wilson (1970). Since salinity is known to decrease 
p otosynthesis and growth of most plants (Gale, 
1975), the above studies do not determine how sal-
WIjity limited the symbiosis. 

This study was conducted to assess the effects of 
salinity on the components of the soybean-Rhizobium 
japonicuin symbiosis. We partitioned the effects of sal-
inity on N2 fixation into effects that directly relate 

N2 
to nodule function vs. indirect effects that are me-
diated through the host photosynthetic apparatus. 

MATERIALS AND METHODS 
Plant Culture. The split-root solution culture growth sys-

tern that confined the nodules to half the root system of 
soybean [Glycine max (L.) Merr cv. Davis] and the planting 
procedure 	have been described earlier (Singleton, 1983). 
At planting NIH4NO 3 (7.1 mM N) was added to the basal 
nutrient solution: (miml) 0.5 P: 0.96 K; 1.56 S: 0.82 Mg; 
and 0.75 	 Ca. Micronutrients were added according to 
Broughton 	and Dilworth (1971). Solutions were changed 

22 days from planting and half of the split-root system was 
inoculated with Rhizobium japonicumn strain USDA 110 
(USDA, Beltsville Md.) at a density of 9.7 X l05 cells/mL 
of culture 	solution. The opposite half of the root system 
remained uninoculated. NH 4N0s (0.7,1 mM N) was added 
to the basal nutrient solution of the uninoculated half to 
supply 	the plant requirement for N during nodule devel-
opment. Significant nodule development was observed 40 
days from 	planting. At this time solutions were changed, 
nodulated sides reinoculated (7.1 X 101 cells/mL) and NaCI 
was introduced in two equal increments over a 2-day period 
to designated containers to a firal concentration of 120 
rmVf NaCI. 	No N was given to plants after treatment ini-
tiation. Solutions were again changed at day 46, reinocu-
lated (1.7 	 X l05 cells/mL) and designated containers re-
salinized. Plants were harvested at 50 days from planting. 

Salinity Treatments to Half-Root Systems. Four treatment 
combinations between the source of symbiotic N and sal­
inity were 	instituted and are displayed in Table 1.Treat­
ments were arranged 'n acompletely randomi7ed design 
and replicated three times. 

Measurement of Leaf Expansion. The most recently 
emerged leaflets of three plants were selected at random 
and tagged and their initiai leaf area determined with a 
Licor area meter. The measurement was performed 3 days 
after the initiation of salinity treatments. The same leaflets 
were measured 5 days later. Leaf expansion was expressed 
as cm 2/day. 

Measurement of Osmotic Potential (0s). Eight days after 
treatment 	initiation, leaf and nodult. Vs were determined. 
The most recently expanded trifoliolate leai of three plants 
not used for measurement of leaf expansion were removed 
and placed in 9 cm length: of Tygon R-3603 tubing (12 
mm i.d., 2 	mm wall). The tubes were sealed with robber 
stoppers and frozen on dry ice. Nodule and root samples 
were blotted dry prior to placing them in the tubes for 

Table 1. The effect of NaC! (120 raM) applied to half-root 
systems of soybean on shoot dry weight endshoot N. 

Treatment to
 
half-root systemt
 

Nod Nonnod Dry weight Shoot N 

gpot-, gpot-, gkg"' 

1-0.6 4.1 26.9
3.2 27.0118.3 

3. + _ 130.9 2.6 20.1 
4. 	 + + 80.5 1.8 22.9 

LSD0.,)5 34.9 1.2 5.3 
t Hif-root systems nodulated (Nod) or nonnodulated (Nornod) in either 

normal nutrient solution I-) or nutr; nt solution plus 120 mM NaCI 

(+). Salt treatments instituted at day 40 from planting until harvest at 

50d.
 

Table 2. The effect of shoot and nodule osmotic potential (O's)on 

nitrogenase and leaf expansion of soybean. 
Treatractt tv Nitrognneo 

half-root systemnt activity Expansion 
h-rtt s * s 	 ofnew 

Nod Nodnod Leaf Nodule TotaLt Specific§ trifoliolate 

- MPa -- nmoleCH,- cm'& 

1. 	 - - -1.02 -0.70 88.6 18.6 34 
2. 	 - + -1.12 -0.72 60.3 15.8 31 
3. 	 + - -1.23 -1.12 46.7 11.9 31 
4. 	 + + -1.83 -1.21 13.0 6.4 16 

LSD 0.05 0.39 0.15 41.4 7.5 12 

t Half-root systems nodulated (Nod) or nonrodulated (Nonnod) in either 
normal nutrient solution (-) or nutrient solution plus 120 mM NaCi I+). 

Salt treatments instituted at day 40 from planting until harvest at day 
50. 

* Total nitrogenase activity of nodulated half-rool systems: nmole C.H. 
pot-' 5-,. 

§ Specific nitrogenase activity: nmole CH, g nodule dry weight)" s". 

freezing. Tube:; were thawed (20 min), pressed at 10.52 X 
106 kg/ M2 , and the expressed sap sampled with filter paper 
discs that were placed in a Wescor 5130 vapor pressure 
osmometer. 

Harvest. Shoots were cut and oven dried at 65 0 C. Root 
halves were removed, placed in 2 L plastic bottles, and 
incubated for 30 min in 50 mL/L acetylene. Ethylene pro­
duction was determined by gas chromatography. 

Roots and nodules were separated and oven dried. Po­
tassium and Na contents of nodules were determined by 
flame photometry from water extracts of ground tissue. 
Chloride in nodules was determined by potentiomctry us­
ing the titrating method inconjunction with a Ag - AgCI 
electrode and a glass reference electrode (Chapman and 
Pratt, 1961). 

RESULTS
 

Shoot dry w,'.,='ht and shoot N accumulation de­
creased whe:, h~alf and whole ro-t systems were ex­
posed to NaCI (Table 1). The concentration of N in 
shoots was decreased when nodules were exposed to 
NaCI.
 

Leaf osmotic potential (0's) of plants with only half 
the root system salinized was between 0.1 and 0.2 
the ro 	t hanstesalinized cont0. and 0.2 
MPa 	lower than the nonsalinized control. With the 
whole rc 	t system salinized leaf s was 0.8 MPa lower 
than 	the control (Table 2). Nodules exposed to salt 
i;,ad a O's 	 0.4 MPa lower than nonsalinized nodules 
'Fable 2). 

Nitrogenase activity was reduced when the nodu­
lated half of the root system was exposed to salt. How­
ever, there was a much greater decline in nitrogenase 
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Table 3. The effect of NaCl (120 mM) applied to half-root sy'- is adversely affected (Sung and Kreig, 1979: Jensen, 
terns of soybean on the concentration of shoot and nodule Na,. 1975: Gale, 1975; Turner et al. 1978). Sungand Kreig
CIandK'. (1979) concluded that photosynthesis was reduced 
hrotment to Cwith water stress in sorh um and cotton prior to any

hal-rotyaem Na'_ -__l"__ - in translocation rates. Reduced photosyn-
Nod Nodnod Shoot Nodule Shoot Nodule Shoot No.ule thesis by plants in saline environments is character­

_ 	 _reduction 

- ized by reduced leaf expansion (Jensen, 1975: Hawker 
and Walker, 1978) and increased leaf resistance to 

_ __ -, 

1. - - 0.5 2.0 21 
2. 	 - + 1.8 4.0 8.8 0.5 22.0 17.2 CO 2 assimilation (Jensen, 1975). 
3. 	 + - 2.3 37.0 10.5 4.4 19.0 8.8 The osmotic potential ofshoots and nodules (Table 
4. 	 + + 9.8 37.0 33.5 4.9 25.0 8.2 2) indicates that leaves and nodules of the same plant 

LSD0.05 3.6 1.5 5.9 1.6 2.2 4.3 could be subjected to differential salinity stress. Nod­
tHalf-root systfms nodulated (Nod) or nonnodulatod INonnod) in either ules of treatments 2 and 3 are functioning at a 0.4 

normalnutrientaoluton(-)ornutrientsolutionplusl20mMNaCl1+l. MPa O's differential while leaves of both treatments 
Salt treatments instituted from day 40 from planting until harvest at have approximately the same O's. Treatments 3 and 
day 50. 	 4 have nodules at the same O's but leaves carrying on 

growth and photosynthesis at a 0.5 MPa difference. 
activity when the whole root system was salinized (Ta- Turner et al. (1978) and Huang et al. (1975a) found 
ble 3). Specific nitrogenase activity was reduced when that photosynthetic rates in soybean were reduced 
nodules were exposed to salt. Specific activity of nod- substantially when leaf water potentials were below 
ules on plants with both half-root systems salinized - 1.40 MPa. 
was approximately half of that of nodules on plants Exposing either the nodulated or nonnodulated half 
with only the nodulated half salinized (Table 2). of the root system to salt resulted in a reduction in 

Leaf expansion, while affected slightly by salinizing both shoot dry weight and total shoot N (Table 1). 
either half the root system, was reduced by 50% when When only the nodulated half was salt stressed (treat­
both half'root systems were salinized (Table 2). ment 3) shoot N concentration was reduced. Appar-

Data for the concentrations of Na+ , C-, and K+ ently, the stressed nodules (#s = -1.12 MPa) could 
in shoots and nodules are given in Table 3. not supply adequate N to meet the growth require-

DISCUSSION -ments of the relatively unstressed shoot. The greater 
N 	concentration in the shoot when both half-root 

S-tuaies on the effect of salinity on the legume-Rhi- systems were stressed (treatment 4) indicates that it 
:obium symbiosis have always subjected the entire was not N availability that was limiting shoot growth 
symbiotic system to the stress. Increasing salinity re- in this treatment. 
suited in a reduction of nodule number, nodule weight The direct effects of salinity on nodule function 
and total N2 fixed by GIvrine wightii (Wilson, 1970). can be determined by comparing nitrogenase activ-
Bernstein and Ogata (1966) and Lauter et al. (1981) ities of treatments 2 and 3. Total and specific nitro­
observed similar effects of salinity cn nodulation and genase activity was reduced when salinization of no-
N2 fixation by Glycine max and Ci,er arietinum, re- dulated half-root systems resulted in a -0.4 MPa 
spectively. In both'studies, N0s--fed plants subjected change in nodule Os. When the whole symbiotic sys­
to salinity had higher relative yields than similarly tem was salt stressed (treatment 4), however, a large 
treated symbiotic plants. This suggests that the pro- reduction in nitrogenase activity was observed. This 
cesses of the symbiosis are relatively more sensitive reduction can best be explained by the large reduc­
to salinity than the mechanisms of uptake and me- tiorn in leaf 's and leaf expansion rather than nodule 
tabolism of mineral N. The sensitivity of particular #s. Sprent (1972) demonstrated that nitrogenase ac­
symbiotic processes cannot be determined from these tivity by detached soybean nodules decreased by 50% 
studies since both the shoot and nodule were stressed when exposed to 100 mM NaCI. Since nodules in that 
simultaneously. To identify the symbiotic process most experiment were detached during exposure to sal­
susceptible to salinity, it is necessary to subject shoot inity, little or no osmoregulation could occur. By ex­
and nodules to salinity stress independently. posing nodules to salinity in the split-root assembly 

Huang et al. (1975b) partitioned the effects of soil in this experiment a more realistic test of the effects 
moisture tension to photosynthesis and nodule func- of salinity on nodule function was possible. 
tion of soybean. Photosynthesis of drought stressed Low water potentials in the root enviro.ment af­
plants was enhanced by CO 2 enrichment '.iat resulted fect both photosynthetic rates (Bover, 1970) and leaf 
in an increase in nitrogenase activity. Their meth- expansion (Hawker and Walker, 1978). Since shoots 
odology, however, requires a great deal of prelimi- are both the source of energy for t nitrogenase 
nary investigation and more complex procedures than system and the sink for nodule products, leaf expan­
the split-root technique used in this study. sion can be considered as a measure of change in 

Since symbiotic N2 fixation is dependent on re- photosynthetic capacity and strength of the sink for 
cently-fixed phoosynthate (Minchin and Pate, 1974: fixed N2. The effect of reducing leaf Os on leaf ex-
Huang et al., 1975a) root environment stress that pansion is illustrated in Table 2. Although leaf ex­
reduces photosynthesis (or the translocation of pho- pansion rates were slightly affected when one-half the 
tosynthate) to the nodules will have a rapid effect on root system was exposed to salt and leaf 's declined 
nodule function. Despite osmotic adjustment of roots by 0.1 or 0.2 MPa, a 507c reduction in expansion rate 
and shoots to reduced water pcientials ir. tne root was observed when leaf #s declined to - 1.83 MPa. 
environment (Bernstein, 1961), photosynthetic as- Nitrogenase activity in the soybean R. japonicum sym­
similation of carbon by glyccphytes such as soybean biosis is, therefore, limited by salinity more through 

5 
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a reduction in leaf Os and leaf expansion. The nitro-
enase system can withstand substantial reductions in 

s from exposure to extremely saline environments 
provided the shoot remains relatively unstressed. 

Tissue analysis of shoots and nodules help to ex-
plain these results (Table 3). Nodules, like roots (data 
not shown), accumulated more Na + and excluded 
more C1- relative to the shoot. Uptake of Na+ by 
nodules was negatively correlated with nodule K. 
Shoot K+ was not greatly affected oy the salinity 
tr,atments. Our results show that nodule activity can 

-eed at near normal rates despite the presence of 
nigh concentrations of Na + , and an apparent reduc-
tion in K+. 

In conclusion, differentially salinized soybeans with
nodules confined to one-hal the root system rovide 

l cylene 
a simple system in which the processes of the rym-
biosis may be subjected to stress independently. Piants 
with half their roots exposed to salt had leaf 4's and 

shoot yield potentials approximately equivalent to 
nonsalinized controls. Nodule Os was a function of 
the O's of the solutions to which they' were exposed 
regardless of leaf s. Nitrogenase activity of salinized 

nodues as ore ofthedegee o stessfuctinnodules was more a function of the degree of stress 
in the shoot rather than the direct effect of salt on 
nodule processes. With the high concentration of salt 
used in this experiment (120 mM NaCI), there ap-
pears to be some direct effect of salt on nodule func-
tion. However, reduced nitrogenase activities ob-
served in plants with the whole root system salt 
stressed was due more to salt limiting leaf expansion, 
shoot growth and demand for N. The relative tol-

erance of established nodules to low water potentials 
may have evolutionary and ecological relevance. An-
nual legumes such as soybean may mature using water 

deep in the soil profile while, as the surface soi dries,
nodules must adjust and function in an environment 

of declining soil matric and osmotic potentials. 
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