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Abstract – Jaíba Project is an irrigation enterprise and its forest reserve is one of the largest protected areas of dry deciduous forest of Caatinga.
However, two accidental fires burned about 90% of the area, resulting on the elimination of the trees. This study intended to evaluate the effects
of dual inoculation with Rhizobium and mycorrhizal fungi on growth of Anadenanthera peregrina and its contribution to intercropped native
species (Myracrodruon urundeuva Fr. Allem., Schinopsis brasiliensis Engl. and Acacia sp.) and to increase the soil nutrients through litter
decomposition as a strategy for the restoration of the reserve. The plants of Anadenanthera peregrina which were inoculated with rhizobia strain
BHICB-A10 and associated with AM, showed a significant increase in height and total nitrogen content over that uninoculated plants. In plots
where A. peregrina was inoculated, growth and survival of intercropped plants as Myracrodruon urundeuva, were favoured. This result may
be explained by the faster decomposition rate of M. urundeuva litter and by the increase of soil nutrients which was related with its lowest lignocellulous content. The mixture of A. peregrina with M. urundeuva was the best model for restoration.
bradyrhizobia / mycorrhizal fungi / Anadenanthera peregrina / semiarid / Caatinga
Résumé – Croissance et décomposition de la litière d’espèces ligneuses inoculées avec des rhizobia et des champignons mycorhiziens à
arbuscules dans le Brésil semi-aride. Dans la réserve de forêt sèche de Caatinga, zone d’application du Projet Jaíba pour le développement
socio-économique de cette région semi-aride du Brésil, deux feux accidentels ont brûlé environ 90 % des arbres. La stratégie de restauration de
la réserve réside dans la possibilité d’augmenter l’apport d’éléments minéraux au sol par l’installation de cultures mixtes d’espèces ligneuses
fixatrices et non fixatrices. L’étude a eu pout but d’évaluer les effets de la double inoculation de Anadenanthera peregrina par des souches de
Bradyrhizobium et de champignon mycorhizien à arbuscules sur la croissance de cet arbre et de celle des autres espèces associées natives de
cette région (Myracrodruon urundeuva Fr. Allem., Schinopsis brasiliensis Engl. et l’Acacia sp.). Les effets possibles de cette inoculation sur
la capacité des arbres à augmenter la disponibilité des éléments minéraux du sol provenant de la décomposition des litières de ces arbres
pourraient aider à la restauration de la réserve. La double inoculation entraîne une augmentation significative de la hauteur d’Anadenanthera
peregrina et des autres espèces associées ainsi que leur teneur en azote et leur taux de survie, particulièrement en ce qui concerne M. urundeuva.
Le taux de décomposition plus rapide des feuilles de M. urundeuva pourrait être attribué à un plus faible contenu ligno-cellulosique.
L’association de A. peregrina avec M. urundeuva représente le meilleur modèle à utiliser dans les problèmes de restauration des sols.
bradyrhizobia / champignon mycorhizien à arbuscules / Anadenanthera peregrina / semi-aride / Caatinga

1. INTRODUCTION
Brazil’s semi-arid lands comprise an area of 980 711 sq.
km, distributed throughout 8 states of the Northeast and the
north of Minas Gerais. Inserted in semiarid of Minas Gerais
State, Jaíba Project is an irrigation enterprise, established for
the improvement of agricultural production and for the economic and social growth of the region. Climate and vegetation
are between the woody Caatinga or “Dry Deciduous Forest”
and Cerrados (Brazilian edaphic savannas) and such vegetation
is also called “Woody Caatinga” [36] showing as dominant
botanical families: Mimosaceae, Caesalpiniaceae, Fabaceae
and Bignoniaceae [12]. In 1993 two accidental burns reached
* Corresponding author: scottimuzzi@ig.com.br

about 90% of the ecological reserve, which was seriously
affected with the elimination of trees. Fire may promote soil
degradation depending on the regeneration capacity of the ecosystem. The burned area of forest reserve has been invaded by
species of low load trees and shrub mesh, called “Carrasco vegetation” which has restrained the sprouting of woody species.
Thus, a very slow rate of regeneration of valuable tropical species of “Woody Caatinga” has been observed [45] such as
Myracrodruon urundeuva Fr. Allem. (Anacardiaceae) that is a
species threatened with extinction [8]. Therefore, the recovery
of the burned Reserve should have priority. A nurse plant phenomenon, wherein one plant facilitates establishment of another, has
been described in arid and semiarid regions throughout the
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world [10]. The most commonly mechanism of facilitation
involves woody plants [16] such as leguminous trees that are
more efficient than non-leguminous in maintaining N and P
availability [30] due to their ability to develop symbiotic associations with both rhizobial bacteria and arbuscular mycorrhizal fungi (AMF). Bacteria of the genus Rhizobium or
Bradyrhizobium, capable of fixing the atmospheric nitrogen in
root nodules, can guarantee nitrogen supply to the leguminous
tree, making it independent of the nitrogen in the soil. The
access of the roots to the nutrients, especially phosphate, can
be enhanced by the association with mycorrhizal fungi (AMF).
Literature has been confirming that dual inoculation significantly increases not only dry weight, nitrogen and phosphorus
content of the shoot, but also the height and diameter of trunk
and reduces plant mortality index [4, 15, 20, 26–28, 38]. This
way such increase of the N and P concentration in the leaves
increases the litter quality and improves the turnover and
decomposition of the biomass which adds nutrients to soil and
produces the soil organic matter (SOM). One of the most significant impacts after burning is the loss of soil structure as evidenced by a unbalance in soil porosity due the loss of organic
matter (SOM). SOM stabilizes soil aggregates and the porosity,
increases the water holding capacity of soils, influences the soil
fertility and serves as a nutrient sources for soil decomposers
[42]. The rate of plant decomposition depends on the soil chemical composition and many studies have demonstrated the
importance of carbon:nitrogen ratios in determining decomposition rates [9], as well as the importance of ligno-cellulose
index [6], polyphenols [31, 46] and tannin [32] contents in
retarding decomposition. In view of these observations we have
proposed the revegetation of an experimental burned area of
forest reserve with Anadenanthera peregrina (L.) Spegazzini,
a native leguminous tree belonging to Mimosoideae, so called
“angico”, inoculated with Bradyrhizobium sp. and arbuscular
mycorrhizal fungi (AMF). The experimental area was cultivated with A. peregrina intercropped with Anacardiaceae species: Schinopsis brasiliensis Engl. (aroeira) and Myracrodruon
urundeuva Fr. Allem. (brauna) in blocks 1 and 2 respectively,
and with a leguminous species Acacia sp. (acacia) in block 3
that are also native species of Caatinga. The purpose of the
present study was to determine: (i) the effects of dual inoculation with Rhizobium and mycorrhizal fungi on growth and
nitrogen content of A. peregrina, (ii) the growth of the other
native species in mixed plantation with A. peregrina, and
(iii) the dynamic of litter decomposition, nutrient release and
change of soil nutrient, as a strategy for the reestablishment of
plant species and restoration of semi-arid ecosystems.
2. MATERIALS AND METHODS
2.1. Study site
The study area is located in the Forest Reserve (Woody Caatinga),
in the north of Minas Gerais State in Brazil. It is an area included in
semiarid (15o 09’ 03” S 43o 49’ 26” W) characterized by annual pluviometric rates of 800mm concentrated in the spring-summer months
from November to January and about 10 dry months. Mean annual
rainfall in 1997/1999 was 238.9 mm in the summer (December to
February) and in dry season (July to October) a water deficit of 35 mm
occurred. The evapo-transpiration potential (EP) is very high with a
relatively low humidity of 12%, according to a report by consultants

[12]. The Forest Reserve has 7 500 hectares and it is one of the largest
protected areas of “woody Caatinga”, the proeminent vegetation
composed by xerophytic trees and shrubs with a total density of
1029.28 trees per hectare. The arboreal stratum showed height of 10
to 25 m [36]. In 1993 two spots of fire reached about 90% of the area,
of which 66.6% was seriously affected with the elimination of trees,
and the area was invaded by a dense community of interlaced shrubs,
coriaceous leaves and never larger than 2 to 5 m [36] characteristics
of Carrasco. Predominant soil types are alic yellow podsols with high
infiltration rate and low levels of organic matter [12]. The mean temperature in a year is 26–29 °C. An area of 1.08 hectare was cleared of
Carrasco plants and prepared for Anadenanthera peregrina cultivation intercropped with Myracrodruon urundeuva Fr. Allem., Schinopsis brasiliensis Engl. and Acacia sp.

2.2. Soil samples
The samples were collected from the top 20 cm of 10 spots/ block
in a transect of 100 m across each of 3 blocks and mixed for each
block, 4 and 24 months after transplanting. Similar transect was made
in 3 adjacent fields with “Carrasco vegetation”, Caatinga reserve and
in a burned area without woody vegetation (disturbed site) where soil
samples were collected. The samples were analyzed for chemical and
physical properties. The soil analysis was made by Brazilian company of agricultural research [14]. The texture of the soil was identified as sandy loam with the textural composition as follows: block 1coarse sand = 55%, fine sand = 30%, silt: 4.0%, clay = 11%; block 2coarse sand = 57.0%, fine sand = 27.0%, silt = 3%, clay = 13%; and
block 3- coarse sand = 56.0%, fine sand = 28%, silt = 4%, clay = 12%
and chemical analysis is showed in Table III.

2.3. Selection of inoculum and culture conditions
Rhizobial strains (BHICB) used belonging to the collection of the
Federal University of Minas Gerais (UFMG) and were isolated from
Anadenanthera peregrina (L.) nodules collected from other parts of
the country. These strains were previously screened to the appropriate
rhizobia interactions with A. peregrina under greenhouse conditions.
Three rhizobia strains (BHICB-A 10, BHICB-A 41, and BHICB-A 90)
were selected basing in the high growth promoting effect (data not
shown). The bacterial inocula were provided at 1mL per pot (108 cfu/mL),
according to Somasegaran and Hoben [43]. Mycorrhizal fungi used
were Gigaspora margarita, Scutellospora heterogama and Glomus
etunicatum, from our laboratory collection of Federal University of
Minas Gerais. Endomycorrhizal inoculation was accomplished by
placing into each pot, 1 mL of suspension composed by 50 spores per
species and 150 spores/mL in total of 3 species (Gigaspora margarita,
Scutellospora heterogama and Glomus etunicatum ). Previous data
(data not presented) indicate the presence of a native mycorrhizal population of Glomus sp. which can potentially set a competition with the
inoculant during the root infection and reduce the inoculation effectiveness. Therefore, the use of three selected mycorrhizal species can
assure the success of inoculation.

2.4. Field experiment and treatments
Seeds of Anadenanthera peregrina (“angico”) were briefly dipped
in 95% ethanol, washed six times in sterile water and germinated in
humid chamber at 29 °C. Seedlings about 10 cm high were transplanted into plastic pots of 5 kilograms, filled with soil collected from
burned reserve in Jaiba Project. The following treatments were used
for each group of 120 plants of A. peregrina: (I) Control: complete
fertilization; (triple superphosphate: 500 kg ha–1; KCl: 382 kg ha–1;
MgSO4 7H2O: 50 kg ha–1; ZnSO4 7H2O: 46.8 kg ha–1; Mo7O24 H2O:
1.76 kg ha–1; urea: 222 kg ha–1 ) according to Somasegaran and Hoben
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Table I. ANOVA for height of Anadenanthera peregrina plants as affected by treatments and blocks at 4, 8, 12 and 20 months after field
transplanting.
Time (months)
4
Sources of variation

8

12

20

d.f
MS

F

MS

F

MS

F

MS

F

Treatment

4

132.36

2.16NS

133.70

3.43*

221.44

0.47NS

266.917

3.68**

Block

2

900.77

14.69***

1071.58

27.53***

6357.64

13.45***

569.407

7.85***

8

82.26

1.34NS

78.133

2.01NS

837.943

1.77NS

429.67

0.59NS

Error

60

61.3

Total

74

Treatment × Block

38.927

472.820

725.22

* Significant at 5%, ** significant at 1%, *** significant at 0.1%, NS: not significant difference.

[42, 47]; (II) Control plus arbuscular mycorrhizal fungi (AMF);
(III) Fertilization without nitrogen plus inoculation with rhizobia
strain BHICB-A10; (IV) Fertilization without nitrogen plus inoculation
with rhizobia strain BHICB-A41 plus arbuscular mycorrhizal (AM)
fungi; (V) Fertilization without nitrogen plus inoculation with rhizobia
strain BHICB-A90 and arbuscular mycorrhizal (AM) fungi. Each
group of 120 plants of Myracrodruon urundeuva, Schinopsis brasiliensis and Acacia sp. received complete fertilization. Plants were kept
in nursery conditions during 4 months before field transplantation.

2.5. Experimental design and sampling procedure
The experiment was set up in a burned area of the Reserve. The
field experimental design was a completely randomized blocks with
three blocks (3600 m2 each) and five treatments. Five plots (24 ×
30 m), corresponding to each treatment, were distributed in an aleatory
way in each block. Each plot received 40 plants of A. peregrina and
40 plants of one of the native species with a spacing of 3 × 3 m. In the
block I A. peregrina plants were cultivated with Myracrodruon urundeuva Fr. Allem., in the block II with Schinopsis brasiliensis Engl. and
Acacia sp. was the intercropped plants in the block III. Four monthold seedlings were transplanted in the field during the rainy season.
To ensure the survival of the seedlings, irrigation with truck were provide during the dry season of the first year (10 L/plant/week). Six
plants of A. peregrina from each treatment were harvested 4, 8, and
12 months after transplantation and the leaves were dried to constant
weight at 60 °C and digested for the determination of total nitrogen
by Nessler’s Reagent Method [33] and phosphorus analysis was done
using the Vanado-Molybdate Method [40]. The roots of the collected
plants were carefully dug up and the finer ones picked and clarified.
All the infected and uninfected root segments were selected randomly,
and mycorrhizal infection assessed by the gridline intersect method
[18]. Data were subjected to analysis of variance (ANOVA) and means
separated by Tuckey multiple-range test. The height of all A. peregrina
plants were recorded at 2, 8, 12 and 20 months after transplantation
while the height of intercropped plants were analysed only at
20 months.

2.6. Litter sampling
Leaves of adult plants which had recently fallen over the ground
in August/October were collected. Leaf litter was air dried to a constant
weight at room temperature, cut and enclosed (13 g per bag) in 20 cm ×
20 cm nylon bags made with 1 mm mesh net. Five sub-samples of each
litter type were retained for initial moisture and chemical analyses.

2.7. Experimental design
The field experimental design was a completely randomized block
5 × 2 × 3 with 15 replicates. Fifteen bags of each litter type or treatment
(1- A. peregrina, 2- M. urundeuva, 3- S. brasiliensis, 4- A. peregrina
+ M. urundeuva, 5- A. peregrina + S. brasiliensis), of each time of
analysis (4 and 8 months) were laid at the bottom of a hole (5 cm deep)
in each of the 3 blocks (50 m × 50 m), where A. peregrina and intercropped species were cultivated, with a total of 450 bags. In each block
the bags were incubated in plots where A. peregrina plants were inoculated with the rhizobia strain BHICB-A10 and AMF. In each sampling date fifteen bags of each litter type were retrieved for analyses.
In the laboratory the leaf litter were removed from the bags, cleaned
and weighed before (fresh weight) and after drying at 60 °C and 80 °C
for 48 h. Corrections for inorganic contaminants were made after
determining ash (4 h, 600 °C).

2.8. Decomposition rates and chemical composition
analysis
Weight loss data was estimated [48] using the following equation:
% RM = (W0 – Wt/W0) × 100, where W0 is the initial litter dry weight
and Wt is the dry weight of the remaining mass (RM) litter in the bag
when collected. The decay rate (K year–1) which estimates litter disappearence on an yearly basis and that is proportional to actual decomposition rates, was calculated using the negative exponential decay
function [34]: Wt = W0e–kt. Chemical determination of the residue,
including soluble components, hemicellulose, cellulose and lignin
were made by the acid detergent fiber method [19] and the analysis
of nitrogen by Nessler’s Reagent method [33] and Phosphorus by
vanado-molybdate method as described by Sarruge and Haag [40] .

3. RESULTS AND DISCUSSION
Inoculation with BHICB-A10 plus mycorrhizal fungi produced significant differences in height growth of A. peregrina
only 20 months after transplanting (Fig. 1, Tab. I). Before that
time the plants did not show difference in height and this cannot
be attributed to the interaction between block and treatment
(Tab. I). The non significant differences of A. peregrina heights
until the twelfth month (Tab. I) appear to be related to the slow
growth rate of native species under dry season (Fig. 1). The
treatment of BHICB-A10 plus mycorrhizal fungi was the best
(Fig. 1), allowing the plants to reach an average height of 1.95 m.
These results are similar to those described for Acacia pennatula
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Figure 1. Height (A) of Anadenanthera peregrina
(L) plants inoculated with rhizobia strains (BHICB)
and mycorrhizal fungi (AMF). Means with different letters are significantly different as determined
by Tuckey multiple-range test at the 5% confidence level (P ≤ 0.05). NS: not significantly different.

Figure 2. Nitrogen and phosphorus contents of leaves (dry matter) and root colonization of Anadenanthera peregrina plants inoculated with
rhizobia (BHICB) and mycorrhizal fungi (AMF) 4,8 and 12 months after field transplanting. Means with different letters are significantly different as determined by Tuckey multiple-range test at the 5% confidence level (P ≤ 0.05). NS: not significantly different.

which reached 2 m of height in the first year of cultivation at
two sites in Mexico [38]. In the twelfth month of cultivation,
the plants co-inoculated with AMF and BHICB-A10 presented
a higher in the height growth and in content of nitrogen in dry
matter than those inoculated with the other rhizobia strains.
Since nitrogen content of BHICB-A10 plus mycorrhizal fungi
inoculated was higher than fertilized plants, the strain BHICBA10 appears to be an efficient nitrogen fixer (Fig. 2). This inoculation resulted in a significant improvement in nitrogen content
corresponding to 2.8 g N/plant based on the mean of total dry
weight per plant (108.0 g/plant). These data were compatible
with those observed with Acacia nilotica (2.2 g N/plant) during
the first year of planting in semi-arid land [24]. The presence
of mycorrhizal fungi (AMF) in the roots may improve the

access of the roots to the nutrients, especially phosphate [25].
The fungi develop a mycelium on the surface of the roots that
allows plants to increase the absorption of water and nutrients.
As shown in Figure 2, AMF inoculation enhanced phosphorus
content of fertilized plants only in the fourth month of cultivation.
After that time, neither phosphorus content nor root colonization (Fig. 2) were significantly different among treatments.
This result may be attributed to a greater availability of soil
nutrients promoted by rainy season [28] and consequently the
reduction of AMF root colonization. Despite the low native
AMF population found in previous studies (1.77 spores/g soil)
the roots of uninoculated plants were well colonized suggesting
higher infective ability of native AMF species, in spite of its
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Figure 3. Effect of inoculation procedure of
Anadenanthera peregrina (L.) plants, on survival index of intercropped species Myracrodruon urundeuva Engler (Block I), Schinopsis brasiliensis Engler (Block II) and Acacia
sp. (Block III), 20 months after transplanting. Each bar is standard error of 30 observations.

Figure 4. Effect of Anadenanthera peregrina (L) plants, inoculated with rhizobia
(BHICB) and mycorrhizal fungi (AMF), on
height growth (cm) of intercropped species
Myracrodruon urundeuva Engler (Block I),
Schinopsis brasiliensis Engler (Block II)
and Acacia sp. (Block III), 20 months after
transplanting. Each bar is standard error of
30 observations.
Table II. ANOVA for height of Anadenanthera peregrina as affected
by each block.
Time (months)
4

8

12

20

Block I

60.04b

83.2a

149a

195a

Block II

71.2a

73.4b

147a

177b

Block III

62b

70.8b

124b

166b

Means with different letters on each column are significantly different as
determined by Tuckey multiple-range test at the 5% confidence level (P ≤
0.05).

inability to provide a significant contribution for the plant’s
growth (Fig. 1). Therefore, the infection rate, done by mycorrhizal colonization, could not be correlated to its effectiveness
(Fig. 2). As we have observed and according to literature [3,
37] the extent of root colonization is not an indication of AMF’s
ability to enhance plant growth. AM fungi can benefit the plants
in different ways, not only improving phosphorus and mineral
nutrition [26, 41] but also enhancing absorption of the water during
drought conditions [2, 11]. This possibility may be reinforced
by the results shown in Figure 3 which indicate that AMF inoc-

ulation, single or associated to BHICB-A10 favoured the survival of all the species. The intensive growth in the root zone
of AMF stabilizes the substrate pore volume, which in turn
increases the water-holding capacity of the soil [2, 44] enhancing drought tolerance and survival of plants and bacteria [1, 28].
On the other hand, the A. peregrina growth was modified by
the block effects (Tabs. I and II). After 4 and 12 months A. peregrina plants of block II, where S. brasiliensis was the intercropping species, grew more than the others, while the plants
of block III, mixed with Acacia sp., showed a smaller growth.
At the end of the analysed period (20 months) the plants of
block I, where M. urundeuva was cultivated together with A.
peregrina, presented the greatest growth (Tab. II). The results
of Table III indicate that soil nutrients such as P, Ca, K, Mg and
carbon, were increased 24 months after transplanting, suggesting that nutrients were released from the litter, specially in
block I. When the growth of intercropped plants was analysed
(Fig. 4), it was observed that Acacia sp. (block III) presented
similar growth to A. peregrina. These results suggest that both
A. peregrina and Acacia sp. species can compete equally with
each other. Acacia growth was modified by inoculation treatments of A. peregrina. Schinopsis brasiliensis is a slow growing
species and consequently their plants exhibited the smallest
growth (Fig. 4) which was not modified by the inoculation
treatments applied to A. peregrina in block II. Nevertheless, in
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Table III. Chemical properties of soils 4 and 24 months after transplanting.
Al
Months
Block I

4
24
4
24
4
24
4
4
4

Block II
Block III
Undisturbed area of Caatinga
Soil under Carrasco
Disturbed area

Ca

pH (H2O)
4.7
4.8
4.7
4.8
4.5
4.7
6.0
4.9
5.3

Mg

P

(cmol/dm3)
0.64
0.56
0.64
0.55
0.64
0.54
0.0
0.42
0.21

K

C

(mg/dm3)

0.26
0.6
0.29
0.46
0.17
0.32
3.23
0.37
0.38

0.08
0.07
0.06
0.06
0.04
0.04
0.40
0.08
0.05

0.41
1.9
1.31
2.3
0.79
1.8
2.0
0.29
0.13

%

22
27.7
19
24
16
20.2
115
16
16

0.49
1.10
0.57
0.9
0.57
0.90
1.69
0.7
0.32

Table IV. ANOVA for mass, cellulose and lignin losses of litterbags leaves as affected by species (type of litter) and time (4 and 8 months)
after field incubation.
Mass remaining
Sources of variation
Litter types
Time
Interaction
*P

Cellulose remaining

Lignin remaining

d.f
4
2
8

MS

F

MS

F

MS

F

22.08
342.27
0.0666

141.34
2190.4
41.14***

1.52
10.456
0.26

268.5
1843.0
45.55***

5.65
0.17
1.42

253.6
7.84
63.57***

< 0.05, ** P < 0.01, *** P < 0.001.

Table V. Decay rate and nutrients (nitrogen and phosphorus ) release for each litter type after 8 months of incubation.
Treatments
A. peregrina
M. urundeuva
S. brasiliensis
A. peregrina + M. urundeuva
A. peregrina + S. brasiliensis

Mass remain (%)
4 months

Mass remain (%)
8 months

K
(year–1)

N released
(mg/g litter)

P released
(mg/g litter)

Lignin:N
(initial composition)

57.24a
33.3c
64.7a
39.01bc
52.18ab

48.78a
20.06b
42.13a
29.6b
51.41a

1.38
2.85
1.16
1.91
1.02

170
160
120
195
90

13.6
10.8
10.6
13.9
9.8

5.7
6.1
14.4
5.0
8.9

Means with different letters on each column are significantly different as determined by Tuckey multiple-range test at the 5% confidence level (≤ 0.05).

block I the growth of M. urundeuva was improved by AMF
inoculation of A. peregrina plants (Fig. 4) that can be attributed
not only to shade tolerance of M. urundeuva, but also to the better
use of the available nutrient supplied by A. peregrina. Literature
showed that soil nutrients such as nitrogen, phosphorus and
potassium were increased under P. glandulosa more than at
adjacent inter-spaces which may be a mechanism to facilitate
the plant establishment [22]. The soil analysis (Tab. III), shows
a low nutrient content not only in the disturbed site, but also in
soils covered with carrasco, contrasting with those observed in
the undisturbed area. However, an increase of soil nutrients
such as Ca, P and C was observed 24 months after transplanting
in the study site, specially in block I. This way, inoculation treatment which was able to increase the N content of A. peregrina
leaves may have increased the litter production and nutrient
input. On the other hand, mycorrhizal hyphae can obtain additional nutrient from soil organic matter through their decomposition ability [21]. Arbuscular mycorrhizal fungi can exist
saprotrophically, enhancing decomposition of organic matter

and increasing the phosphorus and nitrogen capture from complex organic material, independently of the host plant and soil
phosphorus levels. After biotrophic root colonization, arbuscular mycorrhizae [23, 39] may increases P uptake from soil
organic phosphate. It is known that mycorrhizal extraradical
mycelium is about 10 times higher than intraradical mycelium
[35] which extend not only the ability to link the organic matter
source to plant roots but also to release nutrients. If mycorrhizal
fungi can decompose the organic matter more nutrients may be
available to the intercropped plants. However, we need to
understand the factors responsible for the better growth of
mixed species in block I in comparison to the other mixtures.
When the decomposition dynamics was analysed it was
observed that the amount of mass remaining and the loss of cellulose and lignin was significantly (P < 0.001) affected by the
time and species (Tab. IV). The mass loss was higher with M.
urundeuva litter than with other species (Tab. V). The leaf litter
of M. urundeuva was decomposed faster than S. brasiliensis and
A. peregrina as shown by the decay rate (K) which allowed to
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Figure 5. Loss of water soluble compounds, cellulose, hemicellulose , lignin and nutrient release of A. peregrina, Myracrodruon urundeuva
and Schinopsis brasiliensis leaves in litterbags, 4 and 8 months after incubation. Means with different letters are significantly different as determined by Tuckey multiple-range test at the 5% confidence level (P ≤ 0.05). NS: not significantly different.

order the annual litter disappearance and nutrient release as:
M. urundeuva > A. peregrina + M. urundeuva > A. peregrina >
S. brasiliensis > S. brasiliensis + A. peregrina (Tab. V). Literature
pointed that decomposition of mixed species can be faster than
single-species [32]. Our results showed that this was true only
for A. peregrina leaves, whose rate of decomposition was
improved when mixed with M. urundeuva, but the highest values of mass loss were found with M. urundeuva and A. peregrina leaves alone. Literature attributes these differences to the
quality of decomposition material [29, 32]. In the early phase
until the fourth month, concentrations of water soluble substances decrease quickly (Fig. 5). After 8 months cellulose and
hemicellulose were degraded whereas the recalcitrant lignin did
not decompose. The faster mass loss of M. urundeuva may be

related to the higher initial concentration of water soluble compounds and the lowest cellulose, hemicellulose and lignin content
in leaves (Fig. 5) which may have them become easily decomposed by soil microorganisms [5]. In regard to decomposition
rate, an intermediate position was occupied by A. peregrina litter. While the higher initial water soluble compounds, nitrogen,
phosphorus concentration and lignin/N ratio (Fig. 5 and Tab. V)
improved the decomposition rate, the last one was retarded by
the increase of cellulose and hemicellulose concentration (Fig. 5).
The initial lignin/N ratio has been considered as an important
factor in controlling the earlier phases of decomposition [17].
Based on the lignin/N values of leaf litter in this study (Fig. 5
and Tab. V) we could expect a higher decay index for A. peregrina (Tab. V) but it was lower than M. urundeuva which was
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related to lowest cellulose and hemicellulose concentration of
the last one (Fig. 5). The S. brasiliensis litter showed a slow
decomposition rate (Fig. 5) for the opposite reason that is a high
content of cellulose, hemicellulose and lignin. N immobilization did not occur in A. peregrina litter (Fig. 5) in agreement
with the results obtained in semiarid-soils of West Africa [13].
The results showed in Table V and Figure 5 suggest that the
mixed litter of A. peregrina + M. urundeuva can favour both
N and P cycling. Studies in African savannas have shown that
N mineralization is high at the beginning of the wet season, but
decrease in dry season [7] and it suggests that the main source
of mineralized N between two wet periods could be dry-season
mortality of microbial biomass. Therefore, A. peregrina + M. urundeuva litter may be an additional source of nutrient availability
in dry season considering the decomposition ability of mycorrhizal fungi [21]. We can conclude also that biological nitrogen
fixation technology associated with mycorrhizal fungi inoculation plays a role in the growth of inoculated plants of semiarid
lands [1, 16, 20]. Besides, the AMF inoculation of woody legumes appears to facilitate the establishment of both inoculated
legume and uninoculated plants. M. urundeuva was especially
promising for inclusion in mixed plantation with A. peregrina
for restoration programs.
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