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a b s t r a c t 

The mining activity in Brazil generates several degraded areas. The use of heliophyte forest species inoculated 
with arbuscular mycorrhizal fungi can be an alternative in active restoration projects of degraded areas. The aim 

of this study was to evaluate the ecophysiology, growth, and survival rate of Schinus terebinthifolius and Caesalpinia 

ferrea seedlings, with and without inoculation with Rhizophagus clarus , an arbuscular mycorrhizal fungus (AMF), 
in a degraded mining area in the municipality of Itaporanga D’Ajuda, SE, Brazil. The experiment was conducted 
with plants of the two species grown with spacing of 3 × 3 m in an area degraded by sand and gravel mining. The 
treatments consisted of forest species without AMF and with AMF. Ecophysiological parameters were evaluated 
using a non-modulated fluorimeter. The plants of each treatment were evaluated for plant height, stem base 
diameter, and survival rate, at 12 months after planting. The inoculation of AMF in Caesalpinia ferrea allowed 
better efficiency in photosynthesis, promoting a survival greater than 90%, greater diameter (1.04 cm) and height 
(81.68 cm). Although the inoculation of AMF in Schinus terebinthifolius improved the fluorescence parameters, 
there was an increase only in the survival rate, being more than 90%. It is recommended that other native forest 
species inoculated with AMF be tested in areas degraded by mining. 
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. Introduction 

Microbial biomass is made up of arbuscular mycorrhizal fungi and
erforms important processes at the soil-plant interface ( Rodrigues
t al. 2018 ). The inoculation with arbuscular mycorrhizal fungi in for-
st seedlings increases the content of potassium and sulfur, providing
reater growth of the aerial part and roots of plants, increasing the ef-
ciency of the use of nutrients, especially phosphorus, which provides
reater growth making it more resistant to biotic and abiotic factors
 Rodrigues et al., 2018 ). 
∗ Corresponding author. 
E-mail address: miltonmf@gmail.com (M.M. Fernandes). 
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Arbuscular mycorrhizal fungi, classified in the Phylum Glomeromy-
ota, are mandatory symbionts that are established in the root system
f plants and promote growth, nutrient absorption and biomass produc-
ion under natural and stress conditions, for example hidric and saline
 Laurindo et al., 2020 ). 

The maintenance of plant ecosystem functions through ecosystem
egulation mechanisms, such as facilitating the cycling and absorption
f nutrients by host plants, physical and chemical changes to maintain
oil structure and regulation of plant competition, suggest that fungi
21 
 license ( http://creativecommons.org/licenses/by/4.0/ ) 
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rbuscular mycorrhizal can be important facilitators in environments
rid stressful, such as mining areas ( Hovland et al., 2021 ). Plant inter-
ctions, especially heliophiles with arbuscular mycorrhizal fungi, can
ccelerate ecological succession, with increased resilience of the native
lant community to water stress, overgrazing, fire and resistance to in-
asion by exotic plants ( Hovland et al., 2021 ). The success of the initial
stablishment of tree seedlings is related to the plants capture and use
f primary resources, such as light and nutrients. The selection of helio-
hile arboreal species with high carbon assimilation potential and effi-
ient use of nutrients and light facilitates the revegetation of degraded
reas, mainly in locations with high solar irradiance and low soil nutri-
nt availability ( Santos et al., 2006 ). Initial restoration and reforestation
rocesses are carried out using heliophile, pioneer species that present
ast growth when intercropped with slow growth species that present
igh soil cover; the first assists in the control and decrease of soil erosive
nd the latter are effective to maintain the soil physical characteristics
 Machado et al., 2014 ). 

The use of arbuscular mycorrhizal fungi (AMF) in mining affected
oils provides better plant root and shoot development and favors the
lant’s survival, resistance, and mineral nutrition for arboreal species.
n addition, AMF affect the plant growth and contribute to increas-
ng of carbon fixation and improvement of soil structure ( Braguirolli
t al., 2012 ). Some forest species heliophylous such as Caesalpinia fer-

ea Mart. ex Tul. var. ferrea (Fabaceae, Caesalpinioideae) showed good
esults when inoculated with arbuscular mycorrhizal fungi, as observed
y ( Dantas et al. (2015 ), with high survival and growth in areas de-
raded by sand and gravel mining in the Northeast region of Brazil.
owever, there is no information about how the inoculation of AMF in
aesalpinia ferrea can favor the ecophysiology of this species planted

n a degraded area. Another heliophylous forest species with great po-
ential for revegetation of areas degraded by mining in Brazil is Schinus

erebinthifolius Raddi (Anacardiaceae) due to its characteristics as a he-
iophilous species, competitive aggressiveness, hygromorphic tolerance,
ood biotic interaction, high colonization plasticity, where establishes in
ifferent environments ( Chiamolera et al., 2011 ; Marcuzzo et al., 2015 ;
aula et al., 2021 ; Resende et al., 2015 ; Silva et al., 2016 ). Studies show
hat S. terebinthifolius seedlings in the nursery and field, inoculated with
rbuscular mycorrhizal fungi, have the potential to recover degraded
reas in Brazil ( Dantas et al., 2015 ; Schoen et al., 2016 ; Souza et al.,
009 ). 

However, the photosynthetic process is sensitive to abiotic stresses,
ecreasing the biomass production. The intensity of this response is
ependent on the stress duration, type, and intensity ( Mathur et al.,
019 ). Changes related to damages to the plants’ photosystems caused
y stresses can be evaluated by the chlorophyll a fluorescence technique,
hich is a fast-non-destructive method that assists in the search for al-

ernatives that minimize environmental effects on plants ( Kalaji et al.,
016 ; Mathur and Jajoo, 2020 ). However, there are no studies in Brazil
hat assess ecophysiological aspects of the forest species C. ferrea and S.

erebinthifolius inoculated with arbuscular mycorrhizal fungi and planted
n an area degraded by mining. 

The main mining activity in the state of Sergipe is the extraction of
otassium, being the largest producer of this mineral in Brazil. The ex-
loration of sand and gravel is the second largest mining activity in the
tate of Sergipe, with a production of 5,769,790 tons ( Silva et al., 2020 ).
hese activities generate countless degraded areas in the State, and it is
andatory under Brazilian law to recover the area by the mining com-
any ( Silva et al., 2020 ). However, there is little information regarding
he use of heliophylous species inoculated with mycorrhizal fungi for the
ecovery of mining areas in the state of Sergipe and in Brazil, requiring
tudies that prove their efficiency. 

In this context, the objective of this study was to evaluate the eco-
hysiology, growth, and survival rate of S. terebinthifolius and C. ferrea

lants, inoculated or not with arbuscular mycorrhizal fungi ( Rhizopha-

us clarus ), in a mining degraded area in the municipality of Itaporanga
’Ajuda, SE, Brazil. It is expected that the results obtained in this study
2 
emonstrate the feasibility of inoculation with mycorrhizal fungi in he-
iophilic forest species, for the restoration of deactivated mining areas
r degraded areas. 

. Material and methods 

.1. Study area 

The experiment was conducted in a degraded mining area located
n the Itália Farm, in the municipality of Itaporanga d’Ajuda, Sergipe,
razil (11°05 ′ 58.8"S and 37°15 ′ 57.7"W). The climate of the region is
ropical humid, according to the Köppen classification, with a mean an-
ual temperature of 25 °C and mean annual rainfall precipitation of
,200 mm concentrated in April to August, with low rainfall depths from
ecember to March. 

The mining area was degraded for the removal of sand and gravel
ntil the year of 2007, when mining activity ended. The area presented
at topography, no vegetation, and soils with no upper horizons, pre-
enting only a C horizon (subsoil) with sandy texture. The chemical anal-
sis of the C horizon presented the following characteristics: pH (in wa-
er) = 5.19; P and K = 1.40 and 3.10 mg dm 

− 3 , respectively; Ca + Mg
nd Al = 0.38 and 0.31 cmol c dm 

− 3 , respectively; and 2.02 g dm 

− 3 of
rganic matter content. 

.2. Biological material 

Two heliophile forest species commonly used for restoration of de-
raded areas were chosen: S. terebinthifolius (aroeira) and C. ferrea (pau-
erro), with and without inoculation with the arbuscular mycorrhizal
ungi (AMF) Rhizophagus clarus ( Schussler and Walker, 2010 ), S. tere-

inthifolius and C. ferrea seedlings were produced in a nursery of the De-
artment of Forest Sciences of the Federal University of Sergipe. Three-
onth-old seedlings were transplanted in September 2018. The AMF
as acquired from CNPAB5 access from the Glomales Germplasm bank
f the Brazilian Agricultural Research Corporation (EMBRAPA Agrobi-
logia). 

S. terebinthifolius is an evergreen, heliophyte and pioneer plant,
ommon in riverbanks, streams and humid floodplains of secondary for-
ations; however, it grows on dry and poor soil. It is widely spread

y birds, which explains its good natural regeneration. Its dispersion
s wide, ranging from the restinga to the and semideciduous forests
 Lorenzi, 2016 ). The species C. ferrea is a semideciduous evergreen, he-
iophyte or shaded plant, characteristic of the Atlantic rainforest. Prefers
lopes and hilltops where drainage is fast. Despite being a plant from
he primary forest, it is often found in more developed secondary forma-
ions. Annually produces a large amount of viable seeds ( Lorenzi, 2016 ).

The substrate used for the production of seedlings was composed of
oil from horizon C, sand and bovine manure, in the proportion 3: 1: 1,
hich were packed in polyethylene bags of 800 cm 

3 . In each plastic bag,
 seeds were placed and after the emergence of the seedlings, thinning
as carried out, leaving only one seedling per bag. Then, the seedlings
ere inoculated with AMF using 5 g of the inoculum on the seedling

ubstrate. No inoculation of nitrogen fixing bacteria was carried out in
. ferrea . 

The seedlings were kept in a nursery under a 50% shade screen for
hree months and then transferred to an area in full sun to stimulate
heir rustification. Irrigation was performed by manual irrigation twice
 day for the entire period and no fertilization or use of nutrient solution
as carried out. 

After scarification the soil of the area to be planted, pits of 40 × 40 cm
ere manually opened using an excavator, with 3 × 3 m spacing. Cutter
nts were controlled at two months before planting, after planting, and
n the following 12 months by applying granulated lures. 
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Table 1 

Parameters of the OJIP test for forest species ( Schinus terebinthifolius and Cae- 

salpinia ferrea ), with and without inoculation with arbuscular mycorrhizal fungi 
( Rhizophagus clarus ), after 12 months of growing in the mining degraded area. 

Parameters MUWF MUF CFWF CFF 

TR0/ABS 66.00 ± 0.01b 73.02 ± 0.02a 65.82 ± 0.01b 69.95 ± 0.01a 
ET0/ABS 30.39 ± 0.02b 39.99 ± 0.04a 37.75 ± 0.02a 29.12 ± 0.02b 
DI0/ABS 33.99 ± 0.01a 26.97 ± 0.01b 28.86 ± 0.01a 27.91 ± 0.02b 
PI abs 14,18 ± 0.05b 48.12 ± 0.05a 23.36 ± 0.01a 16.87 ± 0.05b 
ABS/RC 23.47 ± 0.05a 20.30 ± 0.05b 20.19 ± 0.05b 21.03 ± 0.05a 
ET0/RC 71.33 ± 0.05b 76.24 ± 0.05a 61.52 ± 0.05b 63.32 ± 0.05a 
RE0/RC 68.21 ± 0.05a 53.63 ± 0.05b 41.85 ± 0.05b 56.83 ± 0.05a 
DI0/RC 82.69 ± 0.05a 62.33 ± 0.05b 96.08 ± 0.05a 63.08 ± 0.05b 
ABS/CS0 25.80 ± 0.05b 31.40 ± 0.05a 29.13 ± 0.05b 31.80 ± 0.05a 
TR0/CS0 42.57 ± 0.05b 57.43 ± 0.05a 37.49 ± 0.05b 55.51 ± 0.05a 
ET0/CS0 39.19 ± 0.05b 73.33 ± 0.05a 54.57 ± 0.05a 46.25 ± 0.05b 
RE0/CS0 37.51 ± 0.05b 44.26 ± 0.05a 34.82 ± 0.05b 40.83 ± 0.05a 
PI cs 18.29 ± 0.05b 76.02 ± 0.05a 27.72 ± 0.05b 28.56 ± 0.05a 

∗ Means followed by the same lowercase letters on the line do not differ sta- 
tistically by the Tukey test ( 𝛼 = 0.05). The values were standardized in a 0 to 
100 scale. TR0/ABS, The maximum quantum yield of the primary photochem- 
istry of PSII; ET0/ABS; The quantum yield of electron transport from QA to PQ; 
RE0/ABS; The quantum yield of electron transport from QA- to final PSI ac- 
ceptors; DI0/ABS; The quantum yield of energy dissipated in the PSII antenna, 
related to non-photochemical processes (heat); ABS/RC, Determination of the 
average of the photon fluxes absorbed (ABS) the total of PSII reaction centers 
(RC), also related to the measurement of the apparent size of the PSII antenna 
(ABS/RC); TR0/RC, The maximum flow of excited electrons trapped by the re- 
action centers active in the PSII; ET0/RC; Flow or transport of electrons (ET) 
transferred from QA- to PQ by activity of PSII reaction centers; DI0/RC, Flow 

of energy dissipated in other non-photochemical processes by the reaction cen- 
ters active in the PSII; ABS/CS0, Absorbed photon flow (ABS) by excited cross 
section of PSII (CS) from the initial fluorescence; TR0/CS0, Maximum flow of en- 
ergized electrons trapped by PSII cross section at initial fluorescence; ET0/CS0, 
Electron flow from QA- to PQ by PSII cross section in the initial fluorescence; 
RE0/CS0, Electron transport flow to PSI acceptors per cross section; DI0/CS0, 
Non-photochemical energy dissipation in all PSII by cross section; PIcs, Per- 
formance index on the base cross section; PIabs, Performance index on base 
absorption. 

Table 2 

Mean plant height, diameter and survival rate of forest species ( Schinus tere- 

binthifolius and Caesalpinia ferrea ) with and without inoculation with arbuscular 
mycorrhizal fungi ( Rhizophagus clarus ), after 12 months of growing in the min- 
ing degraded area. Means followed by the same letter are not different by the 
Tukey’s test ( p ≤ 0.05). 

Treatments Height (cm) Diameter (cm) Survival rate (%) 

MUWF 41.27 ± 0.02c 1.06 ± 0.01c 71.6 
MUF 37.80 ± 0.01c 1.17 ± 0.01c 93.3 
CFWF 45.1 ± 0.04b 0,75 ± 0.02b 73.3 
CFF 81.68 ± 0.05a 1.04 ± 0.01a 93.3 
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.3. Experimental design 

The field experiment was conducted in a randomized block design
ith four blocks per treatment and 15 repetitions in each block, totaling
0 plants per treatment. Each plant is 3 meters apart. The treatments
onsisted of S. terebinthifolius without FMA (MUWF) and S. terebinthi-

olius with AMF (MUF) and C. ferrea without AMF (CFWF) and C. ferrea

ith AMF (CFF). 

.4. Ecophysiologial and growth parameters 

The transient chlorophyll a fluorescence was analyzed between
:00h and 12:00h, in fully expanded leaves previously adapted to the
ark for 30 minutes, using a non-modulated fluorimeter (OS-30P; Opti-
ciences Inc., Hudson, USA). Five randomly plants of each treatment
ere selected and evaluated at 12 months after planting (MAP). 

The transient states of chlorophyll a was obtained under a maxi-
um illumination of 3.000 𝜇mol (photons) m 

− 2 s − 1 by an actinic light
 𝜆= 660 nm) for 1 second; this illumination was applied homogeneously
o the leaf ( Dinis et al., 2016 ). The fast fluorescence kinetic, which is the
assage of initial fluorescence (F0) to the maximum fluorescence (Fm),
as measured by emissions described in the OJIP curve, in which O ≅ F0

50μs), J (2ms), I (30ms), and P ≅ Fm (maximum fluorescence intensity);
he time for the maximum fluorescence emission and the area above the
JIP curve were also evaluated ( Chen et al., 2016 ; Stirbet et al., 2018 ;
trasser et al., 2010 ). The parameters obtained and calculated by the
on-modulated fluorimeter are dimensionless. 

The seedlings were evaluated in the field for plant height, stem base
iameter, and survival rate, at 12 MAP. The morphological parameters
easured were: total plant height from the stem base to the apical bud

cm), using a measuring tape; and stem base diameter (mm), using a
igital caliper ( Delarmelina et al., 2014 ). The survival rate of the plants
as determined by comparing the initial total number of plants to the
umber of alive plants at 12 MAP, with the following formula: Mortality
ate = (number of individuals killed / number of individuals planted) ∗ 

00. 

.5. Statistical analysis 

The fluorescence data, measured at 12 MAP, were subjected to
nalysis of variance and the significant means were compared by the
ukey’s test at 5% significance level, using the R program ( R CORE
EAM, 2017 ). The plant height and stem base diameter data measured
t 12 MAP were subjected to analysis of variance and the significant
eans were compared by the Tukey’s test at 5% significance level, us-

ng the R program ( R CORE TEAM, 2017 ). 

. Results 

The inoculation of plants of both forest species ( S. terebinthifolius

nd C. ferrea ) with the arbuscular mycorrhizal fungi (AMF) Rhizoph-

gus clarus significantly affected ( p < 0.05) the transient chlorophyll a
uorescence (OJIP), being the initial fluorescence intensity, J value (flu-
rescence within 2 milliseconds), I value (fluorescence within 30 mil-
iseconds) higher in the treatments MUF (157) and CFF (159) than in the
UWF (129) and CFWF (146) treatments ( Fig. 1 ). The P value (maxi-
um fluorescence) was affected ( p < 0.05) by the inoculation with AMF

he treatment MUF and CFF had higher mean P value in comparison
UWF and CFWF ( Fig.1 ). 

The fluorescence transientes parameters of chlorophyll a were influ-
nced ( p ≤ 0.05) by the inoculation of the fungus Rhizophagus clarus in
he plants of Schinus terebinthifolius and Caesalpinia ferrea . The results
emonstrate that the MUF treatment promoted an increase in the pa-
ameters of TR0/ABS, ET0/ABS, ET0/RC, ABS/CS0, TR0/CS0, ET0/CS0
nd RE0/CS0, which consequently increased the PIcs values, compara-
ively MUWF treatment ( Table 1 ). Regarding the CFF treatment, it was
3 
bserved that the parameters TR0/ABS, ABS/RC, ET0/RC, ABS/CS0,
T0/CS0, TR0/CS0 and RE0/CS0 were higher when compared to the
FWF treatment. As with the MUF treatment, the CFF treatment pro-
oted an increase in the performance index per cross section (PIcs).

t was also observed that the failure to use Rhizophagus clarus for both
chinus terebinthifolius and Caesalpinia ferrea caused an increase in en-
rgy dissipation (DI0) ( Table 1 ). 

The mean plant height of the forest species planted in the area de-
raded by mining evaluated at 12 months after planting (MAP) was sig-
ificantly higher in the treatment CFF, with a mean of 81.58 cm com-
ared to CFWF. The treatment MUF reached 37.8 cm at 12 MAP, and
as similar to the treatment MUWF ( Table 2 ). 

The mean stem base diameters of plants in the treatments MUWF
nd MUF which were similar to each other. CFWF had a significant
ower mean than the CFF ( Table 2 ). The mean survival rates of the
eedlings in the treatments MUF and CFF were higher than 90% at 12
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AP in the area degraded by mining. The survival rates in treatments
ithout inoculation with AMF were 71.1% (MUWF) and 73.3% (CFWF)
 Table 2 ). 

. Discussion 

The transient chlorophyll a fluorescence is an important parameter
o evaluate the plant photosynthetic apparatus, mainly the functioning
f the photosystem II, under abiotic stresses conditions ( Kalaji et al.,
016 ). The inoculation of S. terebinthifolius and C. ferrea plants with ar-
uscular mycorrhizal fungi (AMF) affected the kinetic of the OJIP curve
 Fig. 1 ). The values of the steps O and J of inoculated plants were higher
han those of non-inoculated plants ( Fig. 1 ). The O and J values are di-
ectly related to the closure of reaction centers, due to decreases in Qa,
ecause these stages are dependent on light and are correlated with the
ntenna size and connectivity of the PSII ( Mathur et al., 2019 ). Thus,
on-inoculated plants presented lower O and J values, indicating that
he reaction centers were closed later, thus decreasing the electron cap-
ure and slowing the decrease of secondary electrons ( Mathur and Ja-
oo, 2020 ). 

The J-P stage, termed thermal stage, is correlated to the complete
eduction of the electron transport chain ( Kalaji et al., 2014 ). Changes
n the OJIP curve due to the use of AMF on S. terebinthifolius and C.

errea plants were observed in the O-P and J-P stages. Non-inoculated S.

erebinthifolius and C. ferrea plants had lower values in the I-P stage than
noculated plants ( Fig. 1 ). According to Zivcak et al. (2014) this stage is
elated to the quantity of reactions centers of PSI, confirming that the
se of AMF increases the efficiency of photosystems and prevents their
unctioning from being compromised. 

Inoculated S. terebinthifolius and C. ferrea plants presented in gen-
ral, improvements in the photosynthetic apparatus ( Fig. 1 and Table 1 ).
lants in the treatments MUF and CFF had improvements in parameters
elated to absorption, capture, and flow of electrons to the final acceptor,
nd to the efficiency of the photosynthetic apparatus. These improve-
ents were confirmed by increases in the parameters de absorption and

rapping by cross section (ABS/CS0 and TR0/CS0) in plants of the treat-
ents MUF and CFF ( Table 1 ). Decreases in the parameters ABS/CS0

nd TR0/CS0 were related to the deactivation of reactions centers of
SII, which resulted in decreases in the rates of exciton captured in the
eaction centers ( Chen et al., 2016 ). 

The quantum yield of the energy dissipated in the antenna of PSII
DI0/ABS) is related to the size of the antenna complex (LCHII) and
roportions of PSI and PSII ( Cascio et al., 2010 ; Silva et al., 2019 ).
herefore, the use of AMF decreased losses of energy as heat preventing
he inactivation of reaction centers of the photosystem and assisting to
4 
ncrease the PIABS, mainly in S. terebinthifolius plants. ( Ferreira et al.
2018 ) evaluated Mucuba cinereum plants and found increases in maxi-
um quantum yield, electron transport rate, and effective quantum effi-

iency of PSII, resulting in higher photochemical dissipation, which was
elated to increases in soil P levels and to the inoculation with AMF. 

C. ferrea (Fabaceae) plants can fix atmospheric nitrogen favored the
bsorption of N by these plants, resulting in higher plant heights than
he other treatments. Nitrogen is required for chlorophyll synthesis and
s involved in the photosynthesis process. Thus, increases in N in the
lant result in higher quantity of chlorophyll, increasing the intercep-
ion of solar radiation for energy, nutrient absorption, and carbohydrate
roduction. In a meta-analysis carried out by Neuenkamp et al. (2019) ,
bserved that most studies in the world indicated that forest species of
he Fabaceae family when inoculated with AMF in degraded areas in-
rease N and P in the plant, allowing greater growth. 

Although there was no significant difference in height between the
reatments of S. terebinthifolius plants they showed a good development
or the average height. This species presents good growth in height in
egraded areas due to its high capacity to overcome weed competi-
ion, thus, it is recommended for a fast soil covering ( Marcuzzo et al.,
015 ). Resende et al. (2015) evaluated the development of 11 arboreal
pecies grown in a degraded area and found that S. terebinthifolius plants
ave larger diameter and higher height and survival rate allowing those
pecies to be recommended for projects of recovery of degraded areas. 

The inoculation with AMF resulted in significant relative increases in
ean stem base diameter of C. ferrea seedlings: from 0.75 cm in those of

he treatment CFWF to 1.04 in those of CFF. A higher stem base diameter
ndicates a higher quantity of photoassimilates requested by the plant’s
erial part (higher partitioning of photoassimilates of the aerial part)
 Sabbi et al., 2010 ; Scalon et al., 2003 ). In this sense, among the species
tudied, C. ferrea showed the best performance when inoculated with
MF in relation to diameter and height. 

The demand and use efficiency of nutrients and soil P concentration
re the main predictors of responses in plant height and stem base di-
meter to inoculation with AMF. The soil of the area evaluated in the
resent work had 1.40 mg dm 

− 3 of P which is very low and lower than
hat found by Costa and Zocche (2009) (5.98 mg dm 

− 3 ) which is also
ow for areas degraded by mining in Brazil. Plants inoculated with AMF
nd grown in soils with low P contents are highly dependent on symbio-
is, even though AMF use significant part of the fixed carbon however
t results in a higher nutrient absorption that promotes a higher photo-
ynthetic rate and better plant growth ( Smith and Read, 2008 ). 

The inoculation of plants of S. terebinthifolius and C. ferrea with FMA
esulted in greater survival compared to these species without inocula-
ion. The survival of S. terebinthifolius seedlings with AMF was superior
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S  
o that observed in other experiments with this species without AMF in
egraded areas in Brazil ( Dantas et al., 2015 ; Resende et al., 2015 ). The
reater survival observed in plants with AMF may have been due to the
act that AMF has improved the absorption, capture and flow of elec-
rons to the final acceptor, and in the efficiency of the photosynthetic
pparatus allowing a better performance in an environment with poor
oil in nutrients, high solar radiation and water deficit. 

The photosynthetic process starts in the electron capture (photo-
hemical phase) and, later these electrons are transferred between pho-
osystems II and I until they reach the final NADP acceptors, forming
ADPH and ATP. When these components are formed, the chemical
hase of photosynthesis begins. This is responsible for several physio-
ogical phenomena, such as plant growth and development. 

Any changes that compromise the absorption of electrons, conse-
uently will compromised the development of the plant. These changes
an be caused by several factors, such as high solar radiation, water
eficit, mineral deficiency, high temperatures, etc. 

In this work, the application of mycorrhizal fungi allows plants to
bsorb the nutrients available in the soil that are essential for main-
aining photosynthesis. In turn, nutritional balance provides the proper
unctioning of plant photosystems, considering that the absorption of
utrients such as N, Mg and K, for example, are essential for the struc-
ure of chlorophylls (responsible for the absorption of light) and for the
arious biochemicas reactions. 

It is worth mentioning that the fluorescence parameters confirm
hat the photosystems are in good working order and, therefore, the
lants were able to perform photosynthesis with greater efficiency, had
 higher survival rate, greater diameter and height. 

. Conclusions 

In this work, it was evaluated whether inoculation of forest species
ith AMF planted in an area degraded by mining could improve growth,

urvival and ecophysiological parameters. In this sense, the species Schi-

us terebinthifolius and Caesalpinia ferrea inoculated with AMF can be
sed in forest plantations to restore areas degraded by mining in envi-
onments with high irradiance and soils poor in nutrients. 

The inoculation of AMF in Caesalpinia ferrea allowed better efficiency
n photosynthesis, promoting a survival greater than 90%, greater diam-
ter (1.04 cm) and height (81.68 cm). Although the inoculation of AMF
n Schinus terebinthifolius improved the fluorescence parameters, there
as an increase only in the survival rate, being more than 90%. It is

ecommended that other native forest species inoculated with AMF be
ested in areas degraded by mining. 
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