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Abstract

Tropical soils withstand heavy pressure due to deforestation as a result of the change in land use,
decreasing their quality. Traditionally, the quality of soil has been based on physical and chemical
indicators; however, the biological ones can predict variations in the quality, in an early and effective
way. In this research, the microbiological quality of soils from two ecosystems was evaluated, one from
the Cumbaza Sub-Basin (CSB) and the other from Degraded Pastures at Cuiiumbuque (DPC), both in
San Martin, Peru. The physicochemical characteristics were studied and the microbial populations of
Total Bacteria (TB), Sporulated Bacteria (SB), Total Fungi (TF), Actinobacteria (ACT), and parameters
of microbial activity such as Basal Respiration (BR), Microbial Biomass (MB), Metabolic Quotient (qCO2)
and Microbial Quotient (qMIC). According to the Principal Component Analysis (PCA), the soils of the
CSB had on average a lower biological quality compared to the DPC soils. The PCA discriminated that
the microbial populations of TB, SB, ACT and MB represented effective microbiological indicators to
evaluate the quality of the soils, in this respect the soils of Shapumba, Chontal, Aucaloma and Vista
Alegre are degraded and require the application of new technologies and public policies for their
recovery.

Keywords: Microbial soil activity; changes in land use; principal component analysis; microbial

biomass.

1. Introduction

Soil microorganisms play an important role
in maintaining their fertility (Cardoso et al,
2013), which is why their metabolic and
enzymatic activity are considered efficient
indicators during the recovery process of
total soil quality (Burns et al., 2013). The
microorganisms increase the viability of the
nutrients through exclusive processes,
such as the biological fixation of nitrogen,
the solubilization of phosphates, or bioa-
vailability of nutrients, allowing to recover
the structure of the soil, improving its ag-
gregation and stability (Rashid et a/., 2016).
In this way, soil microorganisms can be
classified into functional groups according
to their participation in the biogeochemical
cycles (Cardoso et al., 2013).

Soil degradation causes reduction in organ-
ic matter levels and total productivity
(Oliveira et al., 2016a), including changes in

the functional potential, structure and
composition of soil microbial communities
(Zhang et al., 2017). That is why microbio-
logical indicators can be used to monitor
the recovery of soil sustainability, to opti-
mize the stability and productivity of natural
ecosystems, as well as to reduce degrada-
tion and minimize negative environmental
impacts on the soil (Azcéon-Aguilar and
Barea, 2015). These can be direct methods,
by quantifying microbial populations over a
period of time, and indirect, through the
measurement of microbial activity
(Horwath, 2017).

Thus, there are studies on carbon (C) and
nitrogen (N) from microbial biomass, meta-
bolic quotient, specific enzyme activities
such as dehydrogenase, 3-glycosidase (cy-
cle C), urease (cycle N), acid and alkaline
phosphatase (cycle Phosphorus), mycotro-
phic capacity and number of spores of
arbuscular mycorrhizal fungi, all of them
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evaluated in soils of forest plantations,
coffee plantations or with conventional
management systems, organic or integra-
ted with legumes (Azevedo et al., 2017,
Canei et al., 2018; Lammel et al, 2015;
Rios-Ruiz et al., 2019; Zagatto et al.,, 2019).
Studies of the effect of altitude on
microbiological attributes have also been
carried out (Qinling et al., 2018), showing a
significant impact of this factor on the
microbial characteristics of the soil. On the
other hand, Silva et a/ (2018) evaluated the
microbiological attributes of the soil of a
mining area rehabilitated with grass,
determining the presence of an active
microbial community in the soil recovery
process after mining activities. However,
despite these studies, there is still little
information on how microbiological
attributes vary in tropical ecosystems with
soils degraded by migratory cultivation
(Rios-Ruiz et al., 2019) and overgrazing, so
that the use of these attributes can
constitute important indicators for the
evaluation of soil quality in a given area.

In that regard, the objective of the study
was to determine the physicochemical and
microbiological parameters of soils in two
areas of the San Martin region, under
different types of land use, and to
determine which microbiological indicators
are more susceptible to changes, as well as
the soils found in degradation process.

2.Materials and methods

The study was conducted in degraded
areas with different land use in the
provinces of Lamas and San Martin. Soil
samples were collected from six areas from
DPC: Carailayacu (6°31'45" S, 76°31'48" W;
589 m.a.s.l), Bosalao (6°31'7" S, 76°30'23"
O; 412 m.as.l), Estero (6°33'38" S,
76°2810" W; 490 m.a.s.l), Cercado
(6°30'29" S, 76°28'36" W; 306 m.a.s.l),
Difuntillo (6°31'23" S, 76°28'28" W; 262
m.a.s.l) and Chacrilla (6°32'46" S, 76°26'58"
W; 244 m.a.s.l). Another 6 samples were
collected in degraded lands of the CSB by
migratory agriculture and with the
presence of Pteridium aquilinum
(Shapumba), from the upper and middle
CSB. In the upper CSB, samples were taken
from Chirikyacu (6°22'15" S, 76°29'6" W;
1109 m.a.s.l); Chontal (6°20'24" S,
76°30'45" W; 1168 m.a.s.l) and Vista Alegre
(6°22'62" S, 76°31'8" W; 786 m.a.s.l) and in
the middle CSB in Aucaloma (6°26'21" S,
76°31'28" W, 684 m.a.s.l); San Antonio de
Cumbaza (6°2418" S, 76°25'9" W; 560
m.a.s.l) and Shapumba (6°25'19" S,
76°28'58" W; 596 m.a.s.l). The most

predominant types of soils in DPC were the
vertisol type and in the CSB the inceptisols,
entisoles and alfisols type (Soil Survey
Staff, 2015).

Soil samples were collected between April
and May 2016. Table 1 shows the use,
characteristics and predominance of plant
coverage in the sampling sites. Samples
were collected at a depth of 0.0-0.20 m. Ten
subsamples were extracted from each
area, dried, sieved (2 mm) and stored at
room temperature until analysis was
carried out. A composite of each soil
sample was selected for physicochemical
characterization. Soil physicochemical
analyses were carried out according to Soil
Survey Staff (2014). The texture analysis
was determined using the Bouyoucos

hydrometer and the textural classes
calculated according to the textural
triangle in the Soil Texture Calculator

(USDA, 2018). The pH was determined in
the soil suspension: distilled water (1:2.5).
The phosphorus (P) was extracted using a
modified Olsen solution (0.5 M NaHCO3, pH
8.5) and determined by visible light
spectrophotometry The K+, Ca2*, Mg2+ and
Na* were extracted with 1.0 N ammonium
acetate and determined by atomic
absorption. Al+ was extracted with neutral
solution of KCI and determined by titration
with NaOH. Soil Organic Matter (SOM) was
determined by the method of Walkley and
Black (1934). The Sodium Adsorption Ratio
(SAR) was calculated as follows: SAR = Na*/
({[Ca2*] + [Mg2*]}/2)¥2. Exchangeable
Sodium Percentage (ESP) was calculated
as follows: ESP = [Exch. Na+*/Exch.
(Ca2++Mg2++K++Na+)] x 100 (Ashaduzzaman
et al, 2011). The determination of the
Conductivity Electric (CE) and the Capacity
Interchange Cationic (CIC), was carried
according to the methodology suggested
by Soil Survey Staff (2014). The chemical
composition of the soils under study is
shown in Table 1 and Table 2.

Basal respiration (BR) was determined
according to the methodology of the static
system (Alef, 1995), using 100 g of soil
corrected to 60% moisture retention
capacity and were incubated at room
temperature for 168 hours (1 week); The
results were expressed as C-CO2 mg Kg™
h™. The microbial biomass (MB) was
evaluated by the method of respiration
induced by the substrate (Anderson and
Domsch, 1978), using 20 g of soil corrected
to 60% moisture retention capacity and 60
mg of glucose anhydrous followed by pre-
incubation and incubation at 22 °C for 6
hours. The results were expressed as ug C
g ' of soil.
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Physicochemical characteristics of degraded soils from the Cumbaza Sub-Basin and Pastures Degraded in the Cuiiumbuque district (Mean * standard error of the mean) (n = 3). In each soil,
the capital letters compare the average between columns. Means followed by the same letter in the column do not differ from the Tukey test (a = 0.05)

Soil sampling
areas

pH

EC

P

K

Som

N

Sand

Clay

Silt

uS

mg L

%

Vista Alegre
Chontal
Chirikyacu
Aucaloma
Shapumba
San Antonio de
Cumbaza
Cercado
Caranayacu
Bosalao
Estero
Chacrilla
Difuntillo

4.89 (£ 0.27)co
3.99 (£ 0.08)E
3.78 (£ 0.07)E
4.62 (£ 0.29)0E
4.47 (£ 0.13)0E

6.40 (£ 0.31)c

7.91 (£0.02)88
7.43 (£ 0.24)88
7.97 (£ 0.03)A8
7.86 (£ 0.06)78
8.19 (£0.04)A
7.27 (£ 0.03)8

68.30 (+ 15.94)co
156.77 (+ 31.47)A8CD
171.37 (£ 17.05)A8cD
88.87 ( 5.61)8cD
57.80 (£ 3.21)0

27517 (£ 87.71)A

307.78 (+ 64.35)
89.28 (+ 36.33)8C0

228.19 (£ 20.17)A8

197.92 (+ 7.31)ABC

123.05 (+ 4.85)A8CD
219.06 (% 0.59)48

5.81 (£ 0.70)0E
4.68 (£ 0.31)0E
3.48 (£ 0.58)F
4.62 (£ 0.26)F
4.18 (£ 0.02)E

7.94 (£ 0.41)co

13.00 (% 1.55)8
11.29 (% 0.60)8¢
15.22 (+ 0.64)A8
18.44 (+ 2.24)A
13.28 (£ 0.40)A8
12.16 (% 0.07)8

41.33 (+ 11.50)EF
52.63 (£ 10.08)EF
110.76 (+ 5.40)0EF
50.74 (£ 8.07)EF
28.61 (£ 4.41)

233.86 (+ 12.37)ABCD

286.55 (+ 4.10)A8C
11.29 (£ 0.60)A8C
371.55 (+ 65.87)A8
462.37 (+ 63.62)A
189.61 (+ 3.66)80
153.06 (+ 0.31)coE

2.71 (£ 0.40)0E
4.56 (+ 0.83)A8C
4.47 (£ 0.19)A8CD
3.67 (£ 0.17)8Cc0E
2.57 (£ 0.22)F

5..22 (£ 0.21)A8

3.83 (£ 0.16)A8C0E
4.02 (% 0.47)A8coE
4.14 (% 0.57)A8coE
5.68 (+ 0.25)A
3.25 (£ 0.10)coE
4.25 (* 0.03)ABCOE

0.14 (£ 0.02)8
0.23 (£ 0.04)~
0.22 (£ 0.01)~
0.18 (£ 0.01)A8
0.13 (£ 0.01)E

0.26 (£ 0.01)~

0.19 (£ 0.01)A8
0.20 ( 0.02)28
0.21 (£ 0.03)A8
0.28 (+ 0.01)A

0.19 (+ 0.02)28
0.21 (£ 0.00)28

53.33 (£ 0.33)A8
38.00 (£ 7.51)0E
41.67 (+ 0.88)8cD
34.50 (£ 1.32)0€
54.00 (£ 0.58)A

31.83 (£ 1.01)0E

28.50 (+ 0.58)E
52.50 (+ 0.29)A8
36.50 (* 2.02)0E
52.00 (* 1.15)ABC
30.33 (+ 0.88)0e
40.00 (+ 0.58)coE

16.67 (£ 0.58)¢
28.67 (£ 4.84)coE
22.00 (+ 0.58)EFc
33.00 (£ 0.58)co
18.17 (£ 0.17)Fe

44,50 (+ 1,26)A8

53.50 (+ 0.87)A
18.50 ( 0.29)F6
37.50 (+ 2.60)8¢
27.50 (+ 2.60)0EF
32.00 (+ 0.58)co
33.67 (* 0.88)c0

30.00 (+ 0.58)8c0E
33.33 (£ 2.67)A8C
36.33 (£ 1.33)A8
32.50 (+ 0.76)ABCD
27,83 (+ 0,60)c0E

23.67 (+ 2.19)FFc

18.00 (£ 0.29)c
29.00 (+ 0.58)coe
26.00 (* 0.58)DEF
20.50 (+ 1.44)Fc
37.67 (£ 0.67)A
26.33 (* 1.33)0EF

C.V (%)

4.69

17.19

6.37

1.30

6,66

16,66

9,98

10,98

7,87

pH: Potential of hydrogen; EC: Electrical Conductivity; SOM: Soil Organic Matter; N: Total nitrogen; P: Total available phosphorus; K: Total potassium.

Table 2

Physicochemical characteristics of degraded soils from the Cumbaza Sub-Basin and pastures degraded in the Cuiiumbuque district. (Mean * standard error of the mean) (n = 3). In each soil,
the capital letters compare the average between columns. Means followed by the same letter in the column do not differ from the Tukey test (a = 0.05)

Al Saturation (Al +

Soil sampling cic SAR ESP Caz+ Mg2+ Na+ Al* H)
areas

meq 100 g -
Vista Alegre 2.52 (£ 0.67)0 0.37 (£ 0.18)0E 6.67 (£ 0.80)A 1.04 (£ 0.74)0 0.23 (£ 0.09)° 017 (£0.02)°E  0.86 (£ 0.25)C 0.99 (£0.13)°
Chontal 2.85 (£ 0.27)0 0.19 (£ 0.01)E 4.33 (+0.99)8c 0.41 (£ 0.05)0 0.23 (£ 0.01)° 0.12 (£ 0.01)E 1.81(£0.23)%8  1.96 (+0.12)8
Chirikyacu 3.81 (£ 0.20)a8 0.21 (£ 0.01)E 3.33 (£ 0.22)8c0 0.52 (+ 0.06)° 0.29 (+ 0.04)0 0.12 (+ 0.00) 2.47 (£0.11) 2.60 (+0.06)A
Aucaloma 4.32 (£0.76)° 0.44 (+ 0.13)0E 3.67 (+ 0.38)8c0 4.32 (£0.76)° 0.38 (+0.07)° 0.13 (£0.01)E  1.27 (£0.08)5c  1.36 (£ 0.05)c
Shapumba 2.23 (£ 0.10)0 0.22 (£ 0.02)E 5.67 (+ 0.25)A8 0.45 (+ 0.06)° 0.23 (£0.01)° 0.13 (£0.01)E  1.25(£0.03)5¢  1.34 (£0.02)c
gﬂ;ﬁgi‘:‘m i 25.35 (+ 0.96)C 4.01 ( 0.44)c0 1.67 (£ 0.18)0 21.96 (+ 0.93)8C 2.39 ( 0.03)8c 0.41 (£ 0.04)0 0.00 0.00
Cercado 25.86 (+ 0.01)8¢ 11.60 (£ 0.35)A8 4.67 (% 0.15)a8¢ 21.15 (£ 0.02)c 2.81 (£ 0.03)A8C 1.19 (£0.04)8  0.00 0.00
Caranayacu 34.59 (£13.67)A8C  10.73 (+ 3.50)8C 4.00 (* 0.51)a8cD 31.01 (£12.77)88¢ 2,12 (£0.58)C 0.93 (£0.11)¢  0.00 0.00
Bosalao 42.22 (£ 10.06)28¢  16.78 (£ 3.11)A8 3.67 (£ 0.67)8c0 35.44 (+ 8.50)A8C 2.60 (+ 0.21)A8C 1.36 (£ 0.10)A 0.00 0.00
Estero 53.38 (+ 2.83)A8 20.45 (* 2.16)A 3.00 (£ 0.07)co 47.43 (£ 2.32)88 3.34 (+0.23)a8 1.43 (£ 0.12)A 0.00 0.00
Chacrilla 51.52 (* 0.66)ABC 11.65 (£ 1.82)88 1.67 (£ 0.25)0 47.44 (£ 0.97)88 3.17 (£ 0.06)A8 0.82 (£0.12)c 0.00 0.00
Difuntillo 61.20 (+ 0.61)A 17.11 (£0.27)88 2.00 (+ 0.04)co 55.39 (* 0.58)A 3.64 (£ 0.05) 1.11 (£ 0.01)88¢ __ 0.00 0,00
C.V (%) 16.41 18.10 5,96 3,22 11.15 5.12 4.23

CIC: Capacity Interchange Cationic; SAR: Sodium Adsorption Ratio; ESP

: Exchangeable Sodium Percentage.
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Table 3
Description of the use, soil characteristics and predominance of cover crops in the study areas of the San Martin
region
Sub-basin District Sl Description
area
Pasture under degradation process, compacted soils and rocky
Caraiayacu outcrops. Predominance of Brachiaria brizantha and presence of native
legume Desmodium sp.
B Degraded pasture with evidence of landslide. Predominance of B.
brizantha and presence of native legumes
Estero Pasture in an advanced state of degradation. Pastures over 30 years
Mayo Cuiiumbuque with predominance of B. brizantha and presence of Acaciaspp.
c Pastures over 20 years with predominance of B. brizantha and
ercado L " A
abundant presence of Rhyncosia minima ("huairurillo").
. . Pasture over 22 years with predominance of B. brizantha and significant
Difuntillo o " PR
presence of R. minima ("huairurillo").
. Pastures with predominance of B. brizantha and abundant presence of
Chacrilla . " L A !
R. minima ("huairurillo"), Mimosa spp. and Acacia spp.
Coffee plantation abandoned 20 years ago, predominance of Pteridium
San Rogue aquilinum (L.) Kuhn ("Shapumba"), Pollalesta sp. ("Ocuera negra"),
de Cumgaza Chirikyacu Phytolacca rivinoides Kunth and Bouche ("Airambo"), Vismia sp.
("Pichirina colorada") and /mperata contracta (Kunth) Hitchc
"Cashucsha"
Primary forest 30 years ago, presence of P. aquilinum (L.) Kuhn
High T Chontal ("Shapumba") in the lower part, and crops of Ananas comosus and
Cumbaza Coffea arabica in the upper zone; also Pollalesta sp. ("Ocuera negra")
and Vismiasp. ("Pichirina colorada”)
Primary forest 50 years ago, secondary forest formation until 2014.
Lamas Vista Alegre Predominance of P. aquilinum (L.) Kuhn ("Shapumba"), /. contract
(Kunth) Hitch ("Cashucsha"), Crotalaria nitens ("Sacha puspino").
Predominance of P. aquilinum (L.) Kuhn ("Shapumba"), /mperata
Cacatachi Aucaloma contracta (Kunth) Hitchc ("Cashucsha") and the herbaceous
Dalechampia sp. ("Pucacuro huasca") and Scleria melaleuca ("Sixi").
. . . Secondary forest with predominance of Adenaria floribunda Kunth
Medium San Antonio  San Antonio .. S " " .
("Puca varilla"), Pollalesta sp. ("Ocuera negra"), Trema micrantha L.
Cumbaza deCumbaza de Cumbaza

("Atadijo").

Rumisapa  Shapumba

Degraded soil with the presence of P. agquilinum (L.) Kuhn
("Shapumba"), /mperata contracta (Kunth) Hitch ("Cashucsha"),
Miconia sp. ("Rifonia"), Sclerobium sp. ("Ucshaquiro"), Roupala sp.
("Arrean"), Vochysia lomatophylla ("Quillo sisa") and Andropogon
bicornis L. ("Rabo de zorro").

The methodology to determine the qCO:
(mg C-CO2 g day ') was reported by Insam
and Haselwandter (1989) and for the gMIC
(C-MB / Total Organic Carbon (TOC)) was
used by Insam and Domsch (1988). The
number of total and sporulated bacteria (TB
and SB), total fungi (TF) and Actinobacteria
(ACT) was determined, according to the
methodology suggested by Kandeler
(2015). Agar Thornton, Martin and
Caseinate-Glucose media were used for the
counting of TB and SB, TF and ACT,
respectively. The plates containing the
microorganisms were incubated for 3 days
for TB and SB, 5 days for TF and 7 days for
ACT. Each analysis was conducted in tripli-
cate. The results were expressed in colony
forming units per gram of soil (cfu g-1 soil).

Finally, the data were subjected to an
analysis of variance and the means were
compared using the Tukey and Scott and
Knott test at 5% significance. The Principal
Component Analysis (PCA) was carried out
(Hotelling, 1933) as a dimension reduction
technique. The analysis was represented in
a graph of the Biplot type (Gabriel, 1971),
which also included the analysis of
Minimum Path Tree (Gower and Ross,

1969), to show the smallest distance or
similarity between two soils in the
multivariate space. The analysis was
performed using the statistical method
InfoStat (Version 2017).

3. Results and discussion

The type of soil influences the development
of plant composition, and this in turn on the
diversity and functionality of the microbial
communities present in the soil. Soils in the
study areas have variable wuses. In
Cuiiumbuque they are used for the
production of pastures, while in Chirikyacu
and Shapumba they are dedicated to
agricultural activity, some of them were
abandoned more than 20 years ago,
because of shifting cultivation (Figure 1).
Navarrete et al. (2015) reported that defo-
restation, clearing and overgrazing, cause
a decrease in soil organic matter inputs and
an increase in soil compaction, causing
negative alterations in microbial activity.

In relation to the cover crops, Brachiaria
brizantha is predominant in PDC soils and
in soils coming from the CSB, the
predominant cover plant is P. aquilinum
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"Shapumba" (Table 3). The predominance
of cover crop species in an agricultural or
natural ecosystem is influenced directly or
indirectly by the rhizospheric microbiota
(Philippot et al, 2013), as well as B.
brizantha and P. aquilinum, predominant in
PDC soils and the CSB, respectively, could
present rhizospheric  microbiota of

biotechnological interest.

Figure 1. (A) Degraded soils from the high Cumbaza Sub
Basin (Chirikyacu) and (B) Pasture Degraded
Cuiliumbuque soil (Carafayacu).

The microbial populations of the soil
showed greater variability than the
physicochemical analysis. TB population
counts were numerically superior in PDC
soils than in CSB soils, statistically
significant and higher in Bosalao and
Estero soils (> 107 cfu g-1 soil), as well as

Table 4

lower counts in Chontal soils, Aucaloma
and Shapumba (105 cfu g-1 soil) (Table 4),
probably due to a greater content of SOM
and texture, that favors its proliferation
(Rashid et al., 2016).

The TB population possess a positive corre-
lation between the MB (r = 0.90) and the pH
(r = 0.89), and very low with the Al parame-
ters (-0.78 to -0.79) (Table 4). The MB is
intimately related to the BR and therefore of
a greater bacterial population releasing
CO: (Ferreira et al, 2017). Lauber et al.
(2009), reported a positive correlation (r =
0.79) of the total bacterial communities and
the pH of 88 soils in North America, finding
that soil pH influences the diversity of bac-
terial communities being more diverse in
soils close to neutral pH.

Likewise, TB populations have a high corre-
lation with EC (r = 0.60) and Na+* (r = 0.90),
this differs from that reported by
Ashaduzzaman et a/. (2011), who found a
negative correlation between TB and CEC
populations (r = -0.67) as well as inter-
changeable Na* (r = -0.60) in saline soils of
southern Korea. One explanation for this
contradict-tion may be because the soils in
this study do not have salt problems. CIC
values and TB populations showed positive
correlation (r = 0.83), being frequently
overlooked as an important determinant of
the composi-tion and diversity of bacterial
populations in the soil (Lauber et al., 2009).

The TF populations of the soil (filamentous
molds and yeast) were higher than 104 cfu
g1 in the soils under study (Table 4). The
populations of saprophytic fungi in the soil
vary in number and diversity according to
the most abundant substrate class
(cellulose), pH, N-NH4* concentration, and
SOM (Spurgeon et al., 2013).

Population of soil microorganisms in degraded soils from the Cumbaza sub-basin and pastures degraded in the
Cuiumbuque district. The means are expressed as Log+o of the cfu g1 soil. (Mean * standard error of the mean) (n =
3). In each soil, the capital letters compare the average between columns. Means followed by the same letter in the

column does not differ from the Tukey test (a = 0.05)

B

SB

TF

ACT

Soil sampling area

cfu g-1 soil

5.05 ( 0.05)0
4.51 (£ 0.05)
4.31 (£ 0.03)
4.47 (£ 0.06)
4.50 ( 0.02)
6.23 (+ 0.04)8
6.19 ( 0.05)8
5.18 ( 0.03)0
6.36 (+ 0.03)A8
6.50 (+ 0.01)A
5.95 (+ 0.07)C
6.28 ( 0.05)8

3.86 (% 0.05)8CD
3.11 (£ 0.06)E
4.06 (+ 0.08)A8
3.78 ( 0.09)c0
3.65 (+ 0.02)0
4.18 (£ 0.04)A
4.14 (£ 0.03)A
3.88 (0.07)8c0
4.00 ( 0.00)A8C
4.17 (£ 0.02)A
3.83 ( 0.05)8c0
4.23 (£ 0.02)A

4.94 (£ 0.02)F
4.91 (£ 0.03)F
6.06 ( 0.05)C
5.28 (+ 0.01)E
5.61 (£ 0.01)°
6.36 ( 0.04)A8
6.26 (+ 0.01)8
5.53 (+ 0.03)
6.30 (+ 0.06)8
6.32 (+ 0.04)8
6.50 (+ 0.01)A
6.51 (+0.03)

Vista Alegre 6.06 (£ 0.12)c
Chontal 5.48 (+ 0.06)°
Chirikyacu 6.23 (£ 0.05)c
Aucaloma 5.52 (£ 0.03)0
Shapumba 5.52 (£ 0.03)0
San Antonio de Cumbaza 6.73 (¥ 0.03)8
Cercado 6.91 (£ 0.03)8
Caranayacu 6.89 (£ 0.07)8
Bosalao 7.31 (£ 0.03)A
Estero 7.26 (£ 0.04)A
Chacrilla 6.77 (£ 0.08)8
Difuntillo 6.81 (£ 0.07)8
C.V (%) 2.65

2.27

3.64

1.54

TB: Total Bacteria; SB: Sporulated bacteria; TF: Total Fungi; ACT: Actinobacteria.
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The pH of the soil showed a positive corre-
lation with the number of TF (r = 0.56), as
reported by Spurgeon et a/. (2013) and con-
trasts with Spurgeon et al (2013) that
showed that pH negatively affects filamen-
tous fungi populations (r = -0.40), that is,
fungi prefer environments with higher
acidity than bacteria.

The ACT reached populations higher than
108 cfu g-1 of soil, being statistically signify-
cant in pasture soils (Table 4). Rampelotto
et al. (2013) reported a greater distribution
of the filo actinobacteria in pasture soils,
since these play an important role in the
decomposition of SOM. In addition to
presenting high resistance to ultraviolet
radiation, heat and desiccation, this would
explain their abundance in pasture soils
since they have little vegetation cover, and
therefore are more exposed to radiation
(Rampelotto et al., 2013). In our study, the
concentration of aluminum negatively in-
fluenced the populations of actinobacteria,
unlike other reports in tropical soils, where
apparently this population is not affected by
high levels of aluminum (Silva et al., 2013).
This can be explained by the high
concentration of Al in our soils (1.563 meq
100 g-1) unlike the previous study (0.19 meq
100 g-1). The microbial activity of soils can
be measured by calculating the MB,
through the activity of soil enzymes, and by
evaluating BR (Ferreira et al, 2017). The
BR reflects the metabolic and physiological
capacity of the heterotrophic microbial
cells of the soil, important in the nutrient
cycling (Cardoso et al., 2013), which is why
it is considered a potential biological
indicator for the provision of ecosystem
services (Creamer et al, 2014). In soils
from DPC, BR was higher, compared to the
soils from the CSB (Table 5). Karhu et al.

Table 5

(2014) reported that pasture soils showed a
higher respiratory rate than forest soils.
The soil from Difuntillo had a significantly
elevated BR (8.60 mg CO:z kg-th-1) (Table 5)
compared to other areas of degraded pas-
tures. These elevated respiratory activities
in pasture soils have been reported by
Assis et al. (2017), in Nova Canaa do Norte
soils (6.07 mg CO2 kg-'h-1), and could be
due to the presence of animals and the
constant addition of manure and slurry to
the soil, which promotes a significant
increase in the MB.

Among the zones under study from the
CSB, the soils of San Antonio de Cumbaza
showed the significantly higher levels
(11.18 mg CO:2 kg-* h-1) (Table 5), this zone
represents a secondary forest of 10 years
old, which supports a cover crops
recovered in a natural way, without tillage
or addition of xenobiotics that interfere with
the cycling of nutrients. However, the
results of BR should be interpreted
carefully, a high BR may reflect stress
condition for the soil microbiota, rapid
decomposition of SOM and loss of
physicochemical quality of the soil and on
the other hand may reflect high levels of
productivity in the soil ecosystem, due to an
efficient cycling of nutrients.

The BR depends on the quantity and quality
of the SOM, temperature, humidity and
aeration of the same (Biinemann et al,
2018). The physicochemical factors that
positively influenced the BR in our soils
were the SOM (r = 0.67, p =0.0178) and the
nitrogen content (N) (r = 0.63, p = 0.0268).
The SOM can supply substrates to hete-
rotrophic microorganisms, and several
studies show a positive correlation with the
BR (Lai et al., 2012; Zhou et al., 2013).

Characteristics of microbial biomass activity in degraded soils from the Cumbaza sub-basin and pastures degraded
in the Cuiiumbuque district. (Mean % standard error of the mean) (n = 3). In each soil, the capital letters compare the
average between columns. Means followed by the same letter in the column does not differ by the Scott and Knott test

(a=0.05)

BR

MB qCO: aMIC

Soil sampling area C-CO, mg Kg~" hora™*

ugCg

mg C-CO2g™ C-MBITOC

Vista Alegre 2.92 ( 0.06)F 1044.53 (£ 30.79)F  2.90 ( 0.45)8 5.74 (£ 0.80)A
Chontal 4.12 (£ 0.06) 996.75 (+ 14.06)E 3.56 (+0.47)8 3.62 (+0.94)8
Chirikyacu 6.76 (£ 0.13)C 1171.87 (£21.20)°  7.41 (£ 2.96)A 2.68 (£ 1.13)8
Aucaloma 5.43 (0.23)0 1081.16 (£ 31.83)F  5.38 (£ 0.43)A 4.35 (£ 0.42)8
Shapumba 5.23 (£ 0.12)0 673.22 (£ 5.54)F 6.87 (+ 0.41)A 4.40 (£ 0.28)8
San Antonio de Cumbaza 11.18 (£ 0.22)A 1663.26 ( 8.49)A 7.02 (£0.15)A 4.92 (+ 0.38)A
Cercado 4.53 (£ 0.19)E 1401.04 (£ 11.26)c  3.04 (£ 0.47)8 5.86 (+ 0.53)A
Carafayacu 6.50 ( 0.07)C 1598.17 (£10.79)8  3.04 (+ 0.59)8 5.21 (+ 0.28)
Bosalao 6.02 (+ 0.16)0 1579.80 (£ 39.31)8  4.41 (£ 0.57)8 6.15 ( 1.44)A
Estero 7.21 (£ 0.02)c 1721.50 (+ 1.93)A 4.06 (+ 0.09)8 5.19 (+ 0.25)
Chacrilla 4.29 (+ 0.29)¢ 1296.04 (£ 24.94)c  2.81 (£ 0.29)8 6.47 (£ 0.01)A
Difuntillo 8.60 (+ 0.23)8 1548.59 (£ 41.95)8  4.95 (+ 0.35)8 6.31 (£ 0.07)
C.V (%) 4.82 3.16 13.47 13.08

BR: Basal Respiration; MB: Microbial Biomass; qCO,: Microbial quotient; gMIC: Metabolic quotient.
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The fertilization addition of N in the soil
greatly affects the microbial activity as well
as the recycling of carbon and nutrients in
the soil (Geisseler and Scow, 2014). We
found a positive correlation between the N
content and the BR of the total soils (r =
0.63, p = 0.0268), but this correlation was
greater in soils from the CSB (r = 0.69) than
in DPC (r = 0.50) (Data not shown). To
explain this difference, it is necessary to
know the supply of N in each of the
ecosystems. On the other hand, while CBS
soils have a wide range of N content, DPC
soils have intermediate levels of N, due to
the entry of N into the manure and slurry of
the cattle when grazing, but that is
insufficient to keep the productivity of the
pastures. These results could be explained
through what was reported by
Mooshammer et al. (2014), when the N is
insufficient to satisfy the N needs of the
cover crops and the microbial biomass
(tropical forests saturated in N) this does
not constitute a limitation for the carbon
cycle and microbial activity.

The MB is the living portion of the SOM,
constituted by bacteria, archaea and
eukaryotes, playing an important role in the
cycling of nutrients, suppression of
pathogens, decomposition of residues and
degradation of contaminants, considering
itself the best soil quality indicator
(Kaschuk et al.,, 2010; Kandeler, 2015). In
general, PDC soils showed MB levels in the
range of 1296.04 (* 24.94) to 1721.50 (*
1.93) ug C g™, in Chacrilla and Estero soils,
respectively (Table 5). Likewise, San
Antonio de Cumbaza, exceptionally to the
soils of the CSB, accumulated a MB of
1663.26 (+ 8.49) ug C g* (Table 5). Compa-
red to natural forests, pastures can
stimulate a greater accumulation of MB due
to the fasciculate radical system of
grasses, the entry of SOM (manure and
slurry), as well as a greater supply of
photosynthates by photosynthesis of C4
plants (Kaschuk et al/, 2010). In contrast,
the Shapumba soils reached the lowest
values of microbial biomass 673.22 (+ 5.54)
pg C g (Table 5).

Factors that positively affected MB levels in
the study areas were pH (r = 0.77, p =
0.0033), salinity (CE, r = 0.64, p = 0.0264),
SAR, related to Ca2+ (r = 0.77, p = 0.0037),
Mg2* (r =0.82, p = 0.0010) and Na* (r =0.78,
p = 0.0028) and indicators related to soil
fertility, such as SOM (r = 0.70, p = 0.0111),
concentration N (r=0.72, p =0.0081), P (r =
0.78, p=0.0030), K (r=0.68, p =0.0160), as
well as CIC (r =0.78, p = 0.0030). Therefore,
the MB is considered as the indicator of soil
quality that responds more quickly to

environmental changes, influencing the
productivity of cover crops (Kaschuk et al.,
2010). Several studies show a positive
correlation between pH and BR (Pietri and
Brookes, 2008, 2009).

Oliveira et al. (2016b) reported that the
conversion of primary forests into pastures,
leads to an increase in SOM, a similar
situation has been reported in our study.
On the contrary, the levels of Al (r=-0.72, p
= 0.0038) and Al + H (r =-0.73, p = 0.0068)
correlated inversely with the accumulation
of MB in the soils under study. In most
forest ecosystems with acidic soils, cover
crops show no symptoms of Al toxicity, but
soil microorganisms and nutrient cycling
mediated by microorganisms can be
affected by Al toxicity (Kunito et al., 2016),
and it has even been reported that toxic
concentrations of Al affect the diversity of
microorganisms adapted to these acidic
conditions.

The metabolic quotient (qCO2) (Insam and
Haselwandter, 1989) and microbial quotient
(gMIC) (Insam and Domsch, 1988) are
derivatives of MB. The qCO: indicates the
efficiency by which soil microorganisms
use carbon in the soil. According to Araujo
et al. (2013), low levels of qCO:2 reflect a
stable environment or close to a balanced
condition, systems that promote low levels
of qCO2 have a more balanced MB, with
greater mineralization and lower volatile-
zation of C in the soil. Chirikyacu soils have
significantly higher values of qCO2 (7.41)
and the lowest was Chacrilla (2.81) (Table
5). In Chirikyacu, the zones were recently
deforested, so the disturbance process is
recent, and the MB is of low resistance,
meaning that the MB decreased signi-
ficantly after the disturbance. In Chacrilla,
the area under sampling was a degraded
pasture but in the process of stabilization of
pastures, so the resistance of the MB is
high. In general, pastures in recovery have
a low metabolic ratio due to the decrease in
the metabolic stress of the microbial
community (Santos et al, 2015), while in
degraded soils, quality declines and the
productivity of pastures is reduced due to
increased compaction, nutrient leaching
and erosion (Kaschuk et al., 2010).

The factors that positively influenced qCO:2
correspond to the BR (r = 0.58, p < 0.05)
and to the Al concentration (r = 0.44, p =
0.1493); and those that do it inversely
correspond to the gMIC (r =-0.58, p <0.05),
and to the pH (r = -0.49, p = 0.1073). The
variations in the qCO2 are controlled by
several factors categorized as biological,
meteorological and edaphic, from the
biological point of view, the qCO: is affect-
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ted by the structure of the bacterial
community, MB and BR (Jiang et a/.,, 2013).
Xu et al. (2017), in a meta-analysis that
covered research in the period 1970-2015,
covering a total of 2444 observations in 14
biomes of the planet, reported positive
correlations with the BR (r = 0.50, p <0.01),
as well as negative correlations with the MB
(r = -0.35; p < 0.01), as we found in our
study. Among the edaphic factors, the
following correlations were found: Slime
content (r =-0.25, p < 0.01), clay (r = 0.084,
p <0.01), sand (r = 0.099, p < 0.01) and pH
(r = 0.11, p <0.01), similar results are
reported in this research (Table 1).

The microbial quotient (qMIC) expresses
how much carbon is immobilized by the
microbial population (Xu et a/, 2014). The
MB / TOC ratio (%), constitutes a microbial
parameter of the soil to describe changes
in ecosystems influenced by man and
above all in soil recovery, can be
considered superior to MB and TOC, and
even to other parameters (Insam and
Domsch, 1988). It correlates positively with
MB and high and low values expressing the
frequency of accumulation or loss of C,
respectively (Kaschuk et al, 2010). The
qMIC gives us an idea of the capacity of
soils to support microbial growth, and it is
expected that better quality soils will have
high gMIC values (Kaschuk et al, 2010).
The gMIC values can vary from 0.3% to
7.0% and depends on the use, management
and type of soil, as well as the type of cover
crops and sampling time (Paz-Ferreiro and
Fu, 2016). In our study, the gMIC (Table 5)
was significantly correlated with some

biological parameters, such as TB (r = 0.62,
p < 0.05) and SB (r = 0.77, p < 0.005),
significantly gMIC was negatively correla-
ted with qCO2 (r = -0.58, p < 0.05), this
situation has also been reported by other
authors (Singh et al, 2016; Signor et al.,
2018).

In relation to the chemical parameters, the
levels of P (r=0.71, p<0.01), Ca2* (r =0.72,
p <0.01), Mg2+(r=0.73, p < 0.01) and CIC (r
= 0.71, p < 0.01) were positively correlated
with gMIC, all of them related to soil fertility
and nutrient availability; while the levels of
Al* (r =-0.88, p = 0.0002) and Al + H* (r = -
0.87, p = 0.0002) were negatively corre-
lated. The values of qMIC were solved in
two groups, the soils of DPC, including San
Antonio de Cumbaza and Vista Alegre,
were statistically similar (4.92 - 6.47%), on
the contrary the soils of Chontal, Chirik-
yacu, Aucaloma and Shapumba showed low
values, statistically similar (2.68 - 4.92%)
(Table 5). Low values explain the reduced
efficiency in the use of carbon substrates,
since more substrates are derived to
catabolic processes than to anabolic
processes, reducing MB levels (Pietri and
Brookes, 2008).

The PCA is a powerful tool to discriminate
soil quality, it is used to identify sensitive
indicators for soil quality recovery (Biswas
et al., 2017), to determine the effect of
organic amendments (Kumar et al., 2017)
and application of pesticides (Borowik et
al., 2017). In this study, the PCA shows that
CP41, CP2 and CPs are responsible for 81% of
all variability.

Minimum Path Tree

SC(MPT)=75.242

6.00+
Chirikyaca acoz BR sou San Antonio de Cumbaza
3.00+
% Clay ACT
Chontal MB
Aucaloma Estero
0.00- B e
SE
Shapumba CIE ‘F“-‘ ercado Bosalao
_Pﬂﬂisfu{
Caraifiayacu™. Chacrilla
-3.00 Vista Alegre PIC
-6.00 T . T !
-6.00 -3.00 0.00 3.00 6.00
CP 1(59.3%)

Figure 2. Minimum path tree between physical, chemical and microbiological parameters of 12 soil samples in the
Cumbaza Sub Basin and Degraded Pasture Cuiiumbuque, San Martin.
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Figure 2 shows the scatter plot using as
axes CP1 (59.3%) and CP2 (14.9%), which
allows to visualize the greatest variability
between soil quality parameters. It shows
two large separated groups according to
the quality of the soil, on one hand
Chirikyacu, Shapumba, Vista Alegre,
Aucaloma and Chontal, and on the other
hand Caraifayacu, San Antonio de
Cumbaza, Chacrilla, Bosalao, Difuntillo,
Cercado and Estero. The CP1 separates the
physical characteristics of texture such as
% of Sand (-0.08) and % of Silt (-0.15);
chemical characteristics such as Al3* (-
0.22), Al3* + H (-0.23) and ESP (-0.16) and
biological characteristics such as qCO2 (-
0.07). These parameters explain a greater
variability of the low soil quality in these
areas.

In Figure 2 is also possible to analyze the
influence and variability contributed by a
physicochemical or biological parameter to
a given soil for example: qCO2, Al* and
AB*+ H in Chirikyacu soils; the % of silt in
soils of Chontal, Shapumba and Aucaloma;
% sand and ESP; in Vista Alegre soils; the
qMIC in Caraiayacu and Chacrilla soils; TB,
SB, Mg?*, in soils of Bosalao, Estero and
Difuntillo; SAR with Chacrilla soils; BR,
SOM%, N, CEC%, Clay, ACT, TF, K and MB
in soils of San Antonio de Cumbaza. Figure
2 also contains a Minimum Path Tree dia-
gram, which allows a better visualization of
the associations between soils depending
on the physicochemical or microbiological
parameter evaluated. It follows that the
soils of Chontal and Aucaloma are more
related to the soils of Chirikyacu, with
respect to the concentration and saturation
of aluminum in the soils.

4. Conclusions

The Soils from DPC showed a better soil
quality compared to soil samples from the
CSB. According to the PCA, of the 25
quality parameters (three physical para-
meters, fourteen chemical parameters and
eight microbiological parameters), TB, SB,
ACT and MB populations represented
effective microbiological indicators to
evaluate soil quality, while Mg2*, pH, P, Na+
and SAR, are for chemical analysis. It is
concluded that the soils of Shapumba,
Chontal, Aucaloma and Vista Alegre are
degraded and require immediate inter-
vention for their recovery. On the other
hand, the Estero soils were the most stable
in relation to their resistance and resi-
lience, however it is necessary to set forth
an agrosilvopastoral program to improve
the quality of pastures.
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