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Response of Leucaena leucocephala cv. Peru to Rhizobium inoculation under salt stress
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Abstract

The response of Leucaena leucocephala cv. Peru to inoc-
ulation with native isolates of Rhizobium and commercial 
Rhizobium strains was studied under salt stress. The study 
was carried out under semi controlled conditions in green-
house as well as under field conditions. The effect of three 
Rhizobium strains (JD �5, JD �6 and 4033) were compared 
to a control (without inoculation and without fertilization) 
and a mineral N fertilization treatment. Under semi con-
trolled conditions, the best results for yields and nitrogen 
fixation parameters were found for the native strain of 
Rhizobium (JD�5). In this treatment - together with the N 
fertilizer treatment - the highest root and shoot weights and 
N uptakes were found. Furthermore, the JD �5 treatment 
showed the highest K:Na ratio, the highest ureide contents, 
highest values of chlorophyll a and b in the shoot, and the 
best index of inoculation effectiveness. In the field experi-
ment the development of Leucaena was poor. Nevertheless, 
the JD 15 treatment had positive effects fielding compari-
son to other treatment groups. It is suggested to study the 
effect of inoculations with other types of Leucaena adapted 
to salt stress under field conditions.
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Zusammenfassung

Reaktion von Leucaena leucocephala cv. Peru auf Rhi-
zobium-Inokulationen unter Salzstress

Die Auswirkungen einer Inokulation mit nativen und 
kommerziellen Rhizobium Präparaten auf das Wachstum 
von Leucaena leucocephala cv. Peru wurde unter Salz-
stress untersucht. Die Studie fand sowohl unter teil-stan-
dardisierten Bedingungen im Gewächshaus, als auch unter 
Freilandbedingungen statt. Es wurden 5 verschiedenen Va-
rianten (Kontrolle, mineralische N-Düngung sowie 3 Rhi-
zobium Präparate: JD �5, JD �6 und 4033) hinsichtlich ihrer 
Wirkung auf den Ertrag und die Parameter der N-Fixierung 
von Leucaena untersucht. Im Gewächshaus konnten die 
besten Ergebnisse für die native Rhizobium Linie JD �5 er-
mittelt werden. In dieser Variante wurden - zusammen mit 
der mineralischen N-Variante - die höchsten Wurzel- und 
Sprossgewichte sowie N-Aufnahmen erreicht. Außerdem 
zeigte sich in der JD �5-Variante das höchsten K:Na Ver-
hältnis, die höchste Ureid-Konzentration und die höchsten 
Werte für Chlorophyll a und b im Spross, sowie der größte 
Index der Inokulationseffektivität. Unter Freilandbedin-
gungen entwickelte sich diese Varietät von Leucaena nur 
schlecht. Jedoch ergaben sich auch hier für die JD �5 Va-
riante positive Ergebnisse. Es wird empfohlen, die Studie 
mit diesen Rhizobium Präparaten mit einer besser an Salz-
stress angepassten Leucaena Varietät zu wiederholen. 

Schlüsselwörter: Leucaena leucocephala, Stickstoff-Fixie-
rung, Rhizobium, Salzstress 



308

1 Introduction

In Cuba about 4� % of soils dedicated to pasture produc-
tion are affected by salinity (López, �00�), which causes 
considerable decreases in pasture yields and animal pro-
duction. One of the alternatives to improve the fertility of 
this soils is the use of salt tolerant legume species, as well 
as the use of salt tolerant microorganisms (Cordovilla et 
al., �998). Legumes may help to improve the quality of salt 
effected soils due to their capacity to fix the atmospheric 
nitrogen (N) in symbiosis with Rhizobium, to increase the 
soil organic matter, to serve as a protection against erosion, 
and to improve the soil structure (López, �00�, Richards, 
�99�).

Leucaena is one of the best investigated legume species in 
silvopasture systems and is characterized by a high N fixa-
tion potential. Sanginga et al. (�988) found that Leucaena 
fixed N up to an amount of 134 kg ha-�. Furthermore, it has 
a high biomass production, can be used as a shade and food 
source for animals, and has a high re-growth capacity after 
being cut. Leucaena quickly recovers from physiologic or 
environmental stress (Hansen and Munns, �988, Wencomo 
et al., �999).

Although some studies about the effect of the salinity 
in pasture legumes have been carried out (González et al, 
�999, López et al., �998, Ramírez et al, �998) there are 
only few results on the response of this species to salt stress 
in symbiosis with Rhizobium in Cuba. 

In the present work the response of Leucaena leuco-
cephala cv. Peru to a Rhizobium inoculation under salt 
stress conditions is investigated.

2 Materials and methods

Experiments were established under semi controlled con-
ditions in a greenhouse and under field conditions. In both 
experiments the species Leucanea leucocephala cv. Peru 
was used. The soil used as growth medium had a pH of 
7.5, 3.5 % organic matter, low amounts of plant available 
phosphate (P�O5: 0.45 mg/�00g) and potassium (K�O: 
4.40 mg/100 g) (extracted in 0.05m sulphuric acid), but 
high amounts of sodium (Na�+: 35 mg/�00 g). All soil tests 
followed the methods described by MINAGRI (�98�).

2.1 �reenhouse experi�ent�reenhouse experi�ent

A randomized design with five replications was estab-
lished in a greenhouse with the following treatments:

� -N-I (without fertilizer and without Rhizobium) 
� +N-I (fertilized with �50 kg ha-�, N) 
3 Rhizobium strain Jd�6 

4 Rhizobium strain Jd�5 
5 Rhizobium strain 4033 

�0 plants were cultivated in plots with �4 kg of the sa-
line soil. N was applied in five dressings, corresponding 
30 kg ha-� each. After ��0 days the plants were harvest 
and chlorophyll a and b contents were measured after the 
method of Lichtenthaler and Wellburn (�983). The nodule 
numbers (Nnod), dry matter of the nodules (DMN), dry 
weight of aboveground biomass (DWP), and dry weight 
of roots (DWR) were determined. Furthermore, the total 
nitrogen (Nt) (Kjeldahl method), the ureide content (after 
Boddey et al. �987) and the Na�+ and K+ content (colori-
metrically after dry ashing) of the plants were determined. 
The nitrogen response index (IRN) and the inoculation ef-
fectiveness index (IEI) were calculated using the following 
equations: 

IRN  =  Yield (+N) - Yield (-N)
                           Yield (+N)

IEI  =  Yield (+I) - Yield (-I)
                     Yield (+I)

Where (+N) and (-N) represent the treatments with and 
without nitrogen and (+I) and (-I) represent the inoculated 
and non-inoculated treatment, respectively (CIAT, �988).

2.2 Field experi�ent

Treatment and design 

Four different treatments in three replications were inves-
tigated in the field experiment. 

� -N-I (without fertilizer and without Rhizobium) 
� +N-I (fertilized with �50 kg ha-�, N) 
3 Rhizobium strain Jd�5 
4 Rhizobium strain 4033.

The experiment was conducted and developed at the Ge-
netic Enterprise „Manuel Fajardo“. The experiment was 
carried out in two consecutive years at the same season 
from September to January. N was added in five dressings 
of 30 kg ha-� each. A basal fertilization of P and K were 
given according to FAO guidelines (�99�) in both years. 
�50 days after sowing �0 plants were harvest and the yield 
and N fixation parameters were measured like described 
for the greenhouse experiment. 

The data obtained were statistically analysed using the 
analysis of variance. The means were compared by the 
DUNCAN multiple range test (Duncan, �955).
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3 Results and Discussion

3.1 Semicontrolled conditions

The N supply, as well as the addition of Rhizobium strains 
to the soil resulted in significant differences in growth, 
nodulation, Na and K accumulation and ureide contents in 
shoots (Table 1, 2 and 3). A significant increases of biomass 
accumulation and nodulation using the Rhizobium strains 
4033 and JD�5 in comparison with control were obtained. 
For both parameters the strain JD16 did not show signifi-
cant differences to the control without nitrogen. This can 
be attributed to the inefficiency of this strain or a competi-
tion for the infection places with the native strains already 
presented in the soil. The nodulation seen in the control 
without Rhizobium inoculation and without fertilizer is the 
result of the action of native Rhizobium strains in soils. 
However, this native Rhizobium populations were not ef-
fective enough to obtain a significant increase in shoot and 
root yields. The fertilized control showed less nodulation 
than the control.

For the K/Na ratio the treatment with N fertilization 
showed the highest values, while among the Rhizobium 
treatments the strains 4033 and JD15 significantly exceed-
ed the K/Na ratio of the JD�6 strain (Table 3). This may be 
due to a better tolerance of these strains to the salinity in 

the initial stages of nodules formation, which is the most 
sensitive to salt stress (Velagaleti et al. �990). This allows 
them to improve synchronization of Na+ and K+ comparti-
mentation in the plant tissue and therefore to diminish the 
damages of the salt stress (Hashem et al. �998).

Table �: 
Effect of N fertilization (+N-I) and Rhizobium inoculation (JD�6, JD�5, 
4033) on Na and K accumulation and on the the K:Na ratio in Leucaena 
(aboveground biomass)

Treatments Na (% DM) K (% DM) K/Na

-N-I �.�5 a* 0.94 e 0.75 e 

+N-I 0.93 d �.64 a �.65 a

JD�6 �.�4 a �.05 d 0.84 d

JD�5 �.03 c �.35 b �.3� b

4033 �.�5 b �.�8 c �.�� c

* different alphanumerics indicate statistical differences of the means at p < 0.005 
Duncan, �955)

The N accumulation after treatment with the strains JD�5 
and 4033 showed a similar behavior, as a result of an abun-
dant and effective nodulation. In these two treatments N 
accumulation significantly exceeds that of strain JD16 and 
the control group. The strain JD�5 also showed the highest 
IEI, which was nearly the same as the IRN value of 35.9 
(Table 4). 

Table �: 
Effect of N fertilization (+N-I) and Rhizobium inoculation (JD�6, JD�5, 4033) on aboveground and root biomass, N content in the aboveground biomass 
and nodulation of Leucaena

Treatment Shoot
(DM, g plot-�)

Roots
(DM, g plot-�)

Total N content
(%)

Nodule number* Nodules weight 
(DM, mg plot-�)

-N-I �7.9 d** �7.3 d 0.�6 d 4.58 b (��) 0.06 d

+N-I �03 a 90.� a �.�0 b 3.3�c (��) 0.00� e

JD�6 �8.7 d �9.0 d 0.33 c 4.47 b (�0) 0.08 c

JD�5 96.4 b 88.3 b �.50 a 6.40 a (4�) 0.�8 a

4033 65.� c 48.6 c �.�0 b 6.�4 a (39) 0.�5 b

*   Transformed data by mean of √ x , Original values in bracket 
** different alphanumerics indicate significant statistical differences (p < 0.005) of the means 

Table 3: 
Effect of nitrogen fertilization (+N-I) and Rhizobium inoculation (JD�6, JD�5, 4033) on ureides accumulation, amount of chlorophyll a and b, nitrogen 
response index (IRN) and inoculation effectiveness index (IEI) of Leucaena

Treatments Ureides Chlorophyll a Chlorophyll b IRN IEI
(mmol kg-� DM) (µg g-� DM) (µg g-� DM)

-N-I 66.0 d* �.99 d �.�� d - -

+N-I 45.4 d 5.65 a 3.3� a 35.9 -

JD �6 7�.0 c 3.56 c �.�0 a - ��.8 c

JD �5 93.4 a 5.95 a 3.5� a - 35.4 a

4033 70.9 b 4.8� b �.84 b - �4.9 b

* different alphanumerics indicate statistical differences of the means at p < 0.005 (Duncan, �955)
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The ureide contents used as an indicator to evaluate the 
N fixation showed the highest values for the JD15 strain 
indicating an effective symbiosis between this Rhizobium 
strain and Leucaena. a negative effect of mineral N supply 
on ureide accumulation was observed for the +N treatment 
(Table 4).

The chlorophyll content (a and b) did not show significant 
differences between the control with N (+N-I) and treat-
ment with the strain JD�5. Greater differences between the 
treatments were found for chlorophyll a than for chloro-
phyll b, which may be due to a higher sensitivity to salt 
stress of chlorophyll a (Table 4). These results differed 
from results obtained by Martínez et al. (�996) in Vigna 
unguiculata, who reported a bigger variation in the chlo-
rophyll b content in dependence of salt stress, similar to 
results obtained by O’Neill et al. (�006) in corn crops.

An increase of salt tolerance and nodulation, as well as 
morphological adaptation mechanisms were also found by 
Dixon (1992) and Stoddard et al. (2006), who inoculated 
food legumes with an effective Rhizobium strain. In anoth-
er study Dixon et al. (1993) found considerable variations 
concerning the tolerance to salinity when Leucaena and 
Prosopis were inoculated with Rhizobium strains. Bolanos 
et al. (�004) reported, that nitrogenase showed no activ-
ity in salt-stressed pea plants. Effective symbiosis was ob-
tained (Javid and Fisher, �989) by using native Rhizobium 
strains, derived from nodules of Leucaena leucocephala 
from arid and saline soils of Pakistan. These strains stimu-
lated significantly the formation of nodules, the reduction 
of acetylene and the dry weight of the plants.

3.2 Field experi�ent 

This Leucaena species only developed slowly under field 
conditions, and after three month these plants were still 
small with a quite low dry matter production (Table 5). 
This differed from the results obtained in the semi control-
led conditions, where this species of Leucaena presented 
a much better growth behaviour. These results highlight-
ed the importance the edaphoclimatic component in the 

Rhizobium-legume symbiosis. Probably, the high tempera-
tures, the intense drought and the high levels of salinity 
influenced in the establishment of the plants negatively and 
affected the different stages of the symbiosis.

The obtained results from the field experiment also 
showed an effect of different Rhizobium strains on legume 
plants. Again, a better effect was measured for the native 
strain JD�5 in comparison to the commercial strain 4033. 
Zahran (�99�) reported that the selection of salt tolerant 
Rhizobium strains starting from the already existing vari-
ety, seems to be more practical and more economic than 
obtaining salt tolerant strains by genetic engineering. Fur-
thermore, the poor development of the Leucaena plants 
under field conditions demonstrated, that for a selection of 
suitable Rhizobium strains it is necessary to consider other 
crop influencing factors.

4 Conclusions

The results emphasised the great potential of certain 
Rhizobium strains in symbiosis with Leucaena on salt 
affected soils. On the other hand, the importance of eda-
phoclimatic conditions became visible in the field ex-
periment. Rhizobium strains JD�5 and 4033 may be more 
effective under field conditions when other varieties of 
Leucaena leucocephala with better adaptation to salt af-
fected soils are used.
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