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ABSTRACT: The use of cover crop in agricultural fields has been well elucidated, especially re-
garding nitrogen fixation from legume crops and their function as weed protection. Furthermore, 
to cover crops can benefit the soil microbial community. This study aimed to evaluate and com-
pare the benefits of mulching and cover cropping systems on soil microbial growth and activity, 
and their effects on plant mineral nutrition in pomelo (Citrus maxima) and macadamia (Macada-
mia integrifolia) orchards. The treatments included: 1) control [Glyphosate herbicide (Roundup 
at 4 l per ha)], 2) manual weed control, 3) mulching with dead leaves from their respective trees 
(macadamia and pomelo), 4) millet, 5) faba bean, 6) millet + faba bean. All the treatments were 
applied for 120 days before soil and plant leaves were sampled for analyses. Plant mineral nutri-
tion, soil microbial biomass C (MBC) and soil microbial biomass N (MBN); basal respiration (BRA), 
arbuscular mycorrhizal fungi (AMF) colonization (COL); number of AMF spores (SPO) in soil; total 
organic carbon (TOC) and total nitrogen (TN) were evaluated. Plant nutrition was not altered by 
the treatments; however, the MBC, COL and SPO markedly increased in response to mulching 
and faba bean + millet treatments. Especially in macadamia soils, these treatments had a great 
response to soil microbiology. Significant negative correlations were also detected for the COL, 
SPO, BRA and TOC with the Nutrient Balance Index (NBI). These results indicate that in short-term 
the cover cropping system is useful to improve the soil microbial growth and AMF formation in 
soils of pomelo and macadam orchards. 
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Introduction

Macadamia (Macadamia integrifolia Maiden & 
Betche) and pomelo (Citrus maxima [Burm.)] Merr.) are 
produced worldwide, and their edible fruits are used for 
juice and culinary condiments. In Brazil, macadamia pro-
duction reached 2845 t in 2014 and pomelo 78491 ton, 
where the country represents the 16th and 36th producer 
worldwide, respectively (FAO, 2013).

Cover crops are well known to support soil micro-
bial growth, microbial activity, and plant metabolism, 
directly affecting soil respiration and plant mineral nu-
trition (Setyawan et al., 2011), offering great benefits to 
soil and plants. Their efficiency depends on the weather, 
plant species, and season. One example is grass, which is 
appropriate and plays an important role in soil manage-
ment in citrus orchards, where Bahia grass roots could re-
lease stimulatory compounds for arbuscular mycorrhizal 
fungi (AMF), a beneficial microorganism for plant devel-
opment (Cruz et al., 2003; 2000).

Legumes represent another type of cover crop, 
which are more efficient for nitrogen (N) fixation, essen-
tial for plant synthesis of protein and production. These 
cover crops increase soil organic matter (SOM) content, 
microbial activity, and decrease erosion and incidence of 
pests and diseases (Zaccheo et al., 2013). However, it is 
not clear whether a mixed grass and legume cover crop in 
fruit orchards positively affects soil quality and improves 
plant production. 

Among the legume plants, faba bean (Vicia faba L.) 
production has increased due to its properties linked to 

high yield, protein and similar inputs to field pea (Stry-
dhorst et al., 2008). The millet acts as an excellent cover 
to crop, due to its tolerance to heat and drought (Jayme-
Oliveira et al., 2017). Foxtail (Setaria italica L. Beauv.), 
proso (Panicum miliaceum L.) and japanese millets (Echi-
nochloa frumentaceae L.) are recommended for summer 
plantings, because they produce little biomass as a re-
sponse to longer day-length. 

Herbicides have been widely applied for the weed 
control due to their efficiency. However, these chemicals 
might negatively affect the soil microbial community, es-
pecially biomass and diversity (Subhani et al., 2000). The 
leaching of glyphosate could change the earthworms and 
mycorrhizal in soils (Zaller et al., 2014). One efficient alter-
native for weed control is the mulching with dead leaves, 
which may add organic matter to soils and stimulate mi-
crobial growth and activity (Pimentel and Guerra, 2011).

Therefore, the hypothesis of this work is cover crops 
intercropped with macadamia and pomelo orchards im-
prove soil microbial biomass and mycorrhizal colonization 
and sporulation. Thus, we assessed and compared the 
benefits of cover crop systems and dead leaves mulching 
on soil microbial growth and AMF formation (colonization 
and sporulation) and evaluated their effects on plant min-
eral nutrition in macadamia and pomelo orchards. 

Materials and Methods

Field experiment
The study was conducted in 2013 in Brasília, Dis-

trito Federal, Brazil (15°44’07.59” S and 47°52’56.75” 
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W; altitude 1009 m). The weather was defined by two 
distinct seasons, wet and dry, and more details about 
local weather are described in Table 1. The experimen-
tal station contained fruit trees separated into plots with 
different species. The experimental area from which leaf 
and soil samples were taken contained two orchards of 
pomelo and macadamia with 20 trees each. Both fruit 
orchards were 10 years old conducted with convention-
al methods for weed (herbicide application), pest and 
diseases (chemical pesticides) control and soil fertility 
(chemical fertilizers – N-P-K). Productivity was 25 t ha–1 
and 10 t ha–1 for pomelo and macadamia, respectively.

Seeds of millet (Pennisetum glaucum [L.] R. Br.) and 
faba bean (Vicia faba L.) were sown in early July 2013, 
intercropped with macadamia and pomelo trees, as sin-
gle treatments or in combination. Millet seeds (25 m–2) 
and faba bean seeds (22 m–2) were sown for single treat-
ments, and millet (15 m–2) + faba bean (13 m–2) seeds 
were applied in the mixed plot. The treatments were set 
as follows: 1) control [Glyphosate herbicide (Roundup at 
4 l per ha)], 2) manual weed control, 3) mulching with 
dead leaves from their respective trees (macadamia and 
pomelo), 4) millet, 5) faba bean, 6) millet + faba bean. 
The mulching treatment was the positive control that 
could be efficient as C input to soil and block the light 
penetration to prevent weed growth. The irrigation sys-
tem was set using black plastic pipes with small holes 
and was applied for 1 h per day for 2 months. 

Field sampling and analysis
Sets of four plants from each treatment were cho-

sen for sampling 120 days after cover crops were sown. 
Four single soil cores were randomly taken for each treat-
ment, in the middle of tree canopy at depth of 10 cm. 
Samples were then sieved (2 mm), placed into plastic bags 
and stored at 4 °C. The microbial biomass carbon (MBC) 
and microbial biomass nitrogen (MBN) were determined 
by the fumigation-extraction method (Vance et al., 1987), 
whereas basal respiration (BRA) of soil was quantified 

by the alkali absorption method through CO2 evolution 
(Haney et al., 2008). The total organic carbon (TOC) was 
analyzed by a total organic carbon analyzer and total ni-
trogen (TN) was determined by the Kjeldahl method. The 
mycorrhiza colonization (COL) was analyzed by staining 
with trypan blue and observation in microscope and num-
ber of spores (SPO) in the soil was determined by sieving 
and separation with 50 % glucose (Cruz et al., 2000).

Sampling leaves 
Four trees were randomly selected from each 

treatment and the leaves were collected from the middle 
branch between the trunk and canopy top. Approxi-
mately 10 leaves were washed, air dried for four days, 
and then dried again at 65 °C for two days. The samples 
were sent to Mycellium Laboratory, Barretos, Brazil, for 
analysis of macro and micronutrients by colorimetry af-
ter digestion (Rengel, 1999). Leaf tissues were analyzed 
according to methods described previously (Malavolta 
et al., 1997).

Concentrations of nutrients N, P, K, Ca, Mg, S, B, 
Cu, Fe, Mn, and Zn in leaves were determined and ex-
pressed as grams per kilogram for macronutrients and 
milligram per kilogram for micronutrients. These data 
were used for diagnosis and recommendation integrated 
system (DRIS) application (Lana et al., 2010). The DRIS 
rates obtained from macadamia and pomelo samples 
were calculated using computer software (Lana et al., 
2010; Oliveira, 2002). By definition, DRIS indices are 
expressed by positive or negative values, which indicate 
nutrient excess or deficiency, respectively, thus a value 
close to zero indicates an adequate nutrient balance 
(Mourão Filho, 2004). Moreover, the correlation matrix 
between the nutrients were calculated (Oliveira, 2002).

Statistical design
The experiment was a complete randomized de-

sign composed of six treatments and two species of 
fruits trees. Four trees were selected for each treatment 
(representing 4 replicates), totaling 48 experimental 
units. For the statistical analysis ANOVA was performed 
with the SISVAR (http://www.dex.ufla.br/~danielff/pro-
gramas/sisvar.html), and Principal Component Analysis 
(PCA) and Pearson correlations using the PAST package 
(https://folk.uio.no/ohammer/past/). After ANOVA, the 
means were compared by the Tukey test (p ≤ 0.05).

Results

Microbial growth and activity
Among the six treatments for macadamia and pom-

elo, it was evident that cover crops improved microbial 
growth and activity, especially when used in combination 
(faba bean + millet). The analysis of variance indicated 
the significant effect of treatments (F < 0.01) for most 
variables evaluated, except for TN and NBI in macada-
mia soils and MBN in pomelo soils (Table 2). In maca-
damia, faba bean + millet increased SPO. Additionally, 

Table 1 – Monthly average temperature maximum (Tmax), 
temperature minumum (Tmin), relative humidity (RH) and total 
rainfall (mm) in 2013.

Month Tmax Tmin RH Rainfall Season wetness
---------------- °C ----------------- % mm

January 30 15 80.4 518 Wet
February 31 16 67.3 201 Wet
March 32 16 75 192 Wet
April 28 15 71.8 103 Wet
May 27.5 12.5 60.4 20.5 Dry
June 27.5 11 67.5 6.5 Dry
July 30 11 51.5 0.30 Dry
August 32 12 69 0 Dry
September 32 15 50 64 Dry/Wet
October 32 14 65.7 105 Wet
November 16 30 72.8 199.5 Wet
December 16.5 30 78.5 339 Wet
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the two cover crops and their combination led to similar 
responses in pomelo (Figure 1A). Furthermore, the effects 
of herbicide, manual mulching with dead leaf, and millet 
treatments differed depending on the fruit orchard. For 
macadamia, manual and mulching treatments generated 
a similar value for SPO (Figure 1A). 

The COL was increased efficiently in both or-
chards with faba bean or its combination with millet 
(Figure 1B). Although the cover crops improved COL 
and SPO values, they showed different responses for soil 
respiration (Figure 2A). Only faba beans and faba bean 
+ millet improved BRA in macadamia, compared to 
manual weed control and control and, in general, no sig-
nificant differences were found for pomelo; however, a 
decrease was observed in herbicide treatments for both 

fruit orchards (Figure 2A). Moreover, the combination of 
cover crops and mulching improved MBC in both fruit 
orchards (Figure 2B), whereas MBN was significantly 
improved by mulching and other cover crop treatments 
in macadamia orchards (Figure 2C). For pomelo, no sta-
tistical difference was found for MBN.

Concerning the soil chemical properties, the levels 
of TOC in macadamia plots, mulching, and faba bean 
+ millet had higher values than millet and faba bean, 
whereas in pomelo and macadamia, the herbicide plots 
had lower values than the other treatments (Figures 3A 
and B). However, TN was not altered by treatments, 
except in pomelo plots where only the mulching treat-
ments kept the same concentration as herbicide. Over-
all, the effects of faba bean + millet were not so expres-
sive on TOC, when comparing to other cover crops and 
mulching in both macadamia and pomelo orchards.

All parameters, which are indicators of soils 
microbial growth and activity, represented by MBC, 
MBN, COL and SPO, had a strong influence of mulch-
ing and faba bean + millet treatments as compared to 
manual and herbicide application. 

Axis 1 from the PCA analysis demonstrated a 
strong contrast between these groups, where it was more 
remarkable in macadamia than in pomelo (Figure 4).

Table 2 – Significance of the analysis of variance (ANOVA) of 
the treatments in macadamia and pomelo experiments [AMF 
sporulation (SPO), and colonization (COL); Soil Microbial Biomass 
N (MBN) and C (MBC); Soil Basal Respiration (BRA), Total Organic 
Carbon (TOC), Total Nitrogen (TN) and Nutrient Balance Index 
(NBI)].

Parameters Macadamia Pomelo
SPO ** *
COL ** *
MBC ** *
MBN ** n.s.
BRA * *
TOC ** **
TN n.s. *
NBI n.s. *
*F Significant at p < 0.05; **Significant at p < 0.01; n.s. = Not significant.

Figure 1 – A) Effects of cover crops (Gly = glyphosate; Man = 
manual; Mul = mulching; Mil = millet; FB = faba bean) on sporulation 
of Arbuscular Mycorrhizal Fungi (AMF) in macadamia and pomelo. 
B) Effects of cover crops on AMF colonization of macadamia and 
pomelo. Means followed by the same letters within each orchard 
fruit is not significantly different (Tukey test, p ≤ 0.05).

Figure 2 – A) Basal respiration in the soil with macadamia and 
pomelo with cover crops (Gly = glyphosate; Man = manual; Mul = 
mulching; Mil = millet; FB = faba bean). B) Effect on soil microbial 
biomass-C. C) Effect on soil microbial biomass-N. Means followed 
by the same letter within each orchard is not significantly different 
(Tukey test, p ≤ 0.05).
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Improved nutrient balance in fruit orchards
The effects of cover crops on fruit orchard nutri-

tion are presented in Table 3. The leaf analysis and calcu-
lation of the DRIS index for each macro and micronutri-
ent were performed for macadamia and pomelo. Plant 
nutrients were more balanced under the faba bean + mil-
let treatment. In pomelo orchards, the controls present-
ed excess levels of N, Ca, Mg, Fe, and Mn, and deficits 
of P, K, S, and Zn compared with macadamia orchards. 
Despite these differences, cover crops consisting of faba 
bean alone or in combination with millet restored the 
concentrations of macro- and micro-nutrients (Table 3). 

The correlation matrix for the DRIS rate of maca-
damia and pomelo (Table 4) showed that pomelo contains 
more correlated nutrients than macadamia. All elements, 
especially the Zn and Mg, were found to have strong cor-

Table 3 – The primary DRIS index that determines the limiting sequence of nutrients in macadamia and pomelo treated with glyphosate, manual, 
mulching, millet, faba bean and millet+faba bean.

N P K Ca Mg S B Cu Fe Mn Zn

Po
m

el
o

Glyph. 64.5 –139.8 –148.8 218.8 64.8 –86.8 –1.3 11.0 207.8 169.5 –84.8
Manual 45.3 –21.3 0.8 96.5 –7.5 24.3 –9.8 180.8 101.0 91.8 –49.8
Mulch. 30.8 –50.3 –133.3 127.3 88.3 –57.0 8.3 –21.0 95.0 74.3 3.8
Millet –28.5 39.8 13.3 –12.3 –40.0 39.3 59.0 31.3 8.0 –11.3 –31.8

Faba bean –12.3 26.8 10.3 –21.3 –32.5 45.8 48.0 23.5 –26.5 –37.5 0.8
Mil+Fab. –0.3 2.5 1.8 –3.3 –0.5 1.0 –1.0 –0.5 –3.3 –1.8 1.5

M
ac

ad
am

ia

Glyph. 2.8 8.5 14.0 –7.5 0.0 7.3 –3.3 15.3 –10.0 –13.0 17.0
Manual 24.5 34.3 39.3 –55.0 11.8 31.3 –56.3 49.3 –51.3 –52.8 34.0
Mulch. 20.3 15.8 17.8 –11.0 –0.5 27.3 –10.8 11.0 –19.0 –16.0 6.3
Millet 4.5 –0.3 –6.5 –3.5 11.3 6.3 4.5 1.0 –5.5 –3.5 –3.5

Faba bean 5.3 –3.5 8.8 12.0 1.8 13.0 7.5 –12.0 3.8 8.3 –9.8
Mil+Fab. –1.3 –1.5 –1.8 1.3 1.3 –1.5 1.3 –1.5 1.8 1.8 –1.5

Figure 3 – A) Effects of cover crops (Gly = glyphosate; Man = 
manual; Mul = mulching; Mil = millet; FB = faba bean) on soil total 
organic carbon in macadamia and pomelo. B) Effects of cover crop 
on soil total nitrogen. Means followed by the same letter within each 
orchard is not significantly different (Tukey test, p ≤ 0.05).

Figure 4 – Ordination diagram representing the Principal Component 
Analysis (PCA) of soil cover crop systems (Gly = glyphosate; Man = 
manual; Mul = mulching; Mil = millet; FB = faba bean), in orchards 
of macadamia and pomelo. (COL = mycorrhiza colonization; SPO 
= number of spores; TOC = total organic carbon; BRA = basal 
respiration; MBC = microbial biomass carbon; MBN = microbial 
biomass nitrogen).

relations to other elements. In addition, Ca and P had 
many significant correlations. In macadamia, the highest 
positive correlations observed between nutrient levels in-
cluded: Ca × B (0.71), Ca × Fe (0.66), Ca × Mn (0.82), Cu 
× Zn (0.72), and N × S (0.67). However, in pomelo leaves, 
most correlations between nutrients levels were negative, 
and only a few existed for macadamia: Cu × Mn (-0.60), 
Cu × Fe (-0.59) and, Cu × Ca (-0.69). 

The COL, SPO, BRA and TOC correlated negatively 
with NBI (Table 5) and MBN had some correlations with 
P and B concentration in plants. TN in the soil had the 
highest number of correlations with plant mineral nutri-
tion data (Table 5). Considering the relationship between 
the soil data, COL and SPO were correlated to MBC and 
MBN, whereas TN had no relationship to other data (Ta-
ble 6).

Discussion

In this study, cover crops reduced some negative 
effects on soils by benefiting the microorganism com-
munities. Moreover, cover crops increased the num-



5

Cruz et al. Cover-cropping soil microbial fruit orchard

Sci. Agric. v.77, n.4, e20180316, 2020

ber of spores and improved basic parameters of soil 
used for fruit orchards over a short-term period. The 
possible negative impact of herbicide was confirmed 
by the soil microbial growth results, whereas manual 
weed control and mulching treatments did not lead 
to significant improvements. Glyphosate is known to 
affect microorganisms, including the reduction of my-
corrhizal colonization and growth of both target and 
non-target grasses by 23 % and by around 44 % ar-
buscules (Helander et al., 2018). Soil chemical charac-
teristics may change the soil biological activity when 
herbicide, such as the glyphosate, is added, especially 
soil microbial biomass and soil respiration (Sumalan 
et al., 2010).

Table 4 – Correlation matrix between the nutrient concentrations in macadamia and pomelo orchards treated with glyphosate, manual, mulching, 
millet, faba bean and millet+faba bean.

  N P K Ca Mg S B Cu Fe Mn Zn

Po
m

el
o

N 1

P –0.74 1

K –0.65 0.88 1

Ca 0.82 –0.96 –0.87 1

Mg 0.74 –0.65 –0.82 0.69 1

S –0.74 0.69 0.83 –0.68 –0.93 1

B –0.59 0.00 0.05 –0.08 –0.54 0.55 1

Cu 0.02 0.21 0.53 –0.07 –0.47 0.60 0.06 1

Fe 0.81 –0.94 –0.79 0.98 0.61 –0.62 –0.08 0.04 1

Mn 0.90 –0.89 –0.74 0.95 0.69 –0.69 –0.30 0.06 0.97 1

Zn –0.31 0.65 0.33 –0.64 0.08 0.00 –0.44 –0.34 –0.73 –0.61 1

M
ac

ad
am

ia

N 1

P 0.47 1

K 0.33 0.42 1

Ca –0.39 –0.41 –0.15 1

Mg –0.06 –0.18 –0.08 –0.09 1

S 0.67 0.45 0.46 –0.19 0.14 1

B –0.27 –0.41 –0.25 0.71 0.13 –0.20 1

Cu 0.31 0.57 0.29 –0.69 –0.09 0.24 –0.54 1

Fe –0.32 –0.45 –0.13 0.66 0.12 –0.32 0.61 –0.59 1

Mn –0.46 –0.48 –0.38 0.82 0.00 –0.25 0.65 –0.60 0.56 1

Zn 0.11 0.53 0.48 –0.35 –0.19 0.15 -0.30 0.72 –0.31 –0.41 1

Table 5 – Correlations between the nutrient concentrations in leaves of macadamia and pomelo, Nutrient Balance Index (NBI) and other soil 
microbial and chemical data [AMF sporulation (SPO), and colonization (COL); Soil Microbial Biomass N (MBN) and C (MBC); Soil Basal Respiration 
(BRA), Total Organic Carbon (TOC) and Total Nitrogen (TN)].

  N P K Ca Mg S Fe Mn Cu Zn B NBI

SPO 0.10 0.24 0.21 –0.03 0.11 0.26 –0.08 –0.12 –0.11 0.14 0.26 -0.30*

COL 0.00 0.04 0.03 –0.12 0.01 0.05 –0.17 –0.04 –0.16 0.08 0.13 -0.29*

BRA 0.04 0.11 0.09 –0.11 –0.03 0.09 –0.07 –0.01 –0.04 0.03 0.09 -0.36*

MBC 0.18 0.28 0.18 0.01 0.19 0.23 –0.17 –0.19 –0.04 0.22 0.17 -0.19

MBN 0.23 0.18 0.09 0.16 0.20 0.15 0.11 –0.16 0.03 0.09 0.157 0.04

TOC 0.85 0.13 0.07 –0.07 0.07 0.14 –0.20 –0.10 –0.18 0.09 0.10 -0.30*

TN –0.43** –0.51** –0.54** –0.37** –0.38** –0.53** 0.21 0.35* –0.22 –0.49** -0.55** 0.15

*Significant at p < 0.05; **Significant at p < 0.01.

Table 6 – Correlations between the soil microbial and chemical 
data [AMF sporulation (SPO), and colonization (COL); Soil Microbial 
Biomass N (MBN) and C (MBC); Soil Basal Respiration (BRA), Total 
Organic Carbon (TOC) and Total Nitrogen (TN)].

SPO COL BRA MBC MBN TOC TN

SPO 1 0.73** 0.47** 0.52** 0.25 0.61** –0.24

COL 1 0.52** 0.57** 0.33* 0.62** –0.17

BRA 1 0.38** 0.19 0.51** –0.20

MBC 1 0.39** 0.63** –0.10

MBN 1 0.53** –0.06

TOC 1 –0.17

Total N 1
* Significant at p < 0.05; ** Significant at p < 0.01.
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Bacterial, fungal, and actinomycete populations, 
percentage of organic matter, and dehydrogenase ac-
tivity all decreased upon treatment with herbicides 
in cassava fields (Sebiomo et al., 2011). Even though 
the beneficial effects of mulching in the soil, such as 
reduction of temperature ranging, erosion protection, 
ameliorate water preservation in dry areas and weed 
control (Oliveira et al., 2002), in our case, there was no 
response on soil microbial growth. Perhaps, the direct 
effect might be detectable in the long term, after years 
of cultivation with the same system. 

Corroborating with the current results, cover 
crops benefit fruit orchards by improving soil micro-
bial growth and activity, and different fruit orchards 
intercropped with cover crops can alter the rhizosphere 
microbial community (Manici et al., 2015). 

Physical, chemical, and biological factors lead to 
nutrient depletion in the soil and reduced productiv-
ity because of conventional management and intensive 
use of pesticides, herbicides, and chemical fertilization 
(Tilman et al., 2002). Therefore, microbial biomass and 
AMF colonization could be used as indicators of soil 
quality (Vasconcellos et al., 2016). 

In this study, both cover crops had positive ef-
fects on soil microbial quality for at least 120 days. 
Possibly, natural soil microbial communities are sensi-
tive to cover crops, as they provide a variety of organic 
compounds that are released from the roots into the 
soil. In this sense, the combination of millet + faba 
bean and mulching was favorable to improve microbial 
growth, as indicated by the microbial biomass and BRA 
in the soil. Carbon root exudates released from grasses 
are estimated at 1.2 t ha–1 per year (Pausch and Kuzya-
kov, 2018), which can contribute to increase C content 
in the soil. In addition, faba bean can fix N2 from 100 
to 200 kg N ha–1 (Jensen et al., 2010) and legume plants 
can transfer N to grasses through their root system 
(Meng et al., 2015). The combination of grasses and 
faba beans could increase soil respiration and MBC 
(Sharmistha and Marschner, 2016). Therefore, the use 
of grasses-leguminous plants as cover crops might in-
crease C and N input into the soils, crucial nutrient 
sources for the microorganisms.

In fact, some desirable attributes for soil evalu-
ation are sensitive to short-term changes in soil, such 
as the soil microbial activities, represented by enzyme 
activities, which are more sensitive to green manure 
than to other chemical properties (Biederbeck et al., 
2005). Moreover, biochar with rice husk and palm 
kernel could improve MBC and MBN, β-glucosidase 
and xylanase activities, thus this product might affect 
the microbial community by increasing active carbon 
sources in the short-term (Simarani et al., 2018). There-
fore, in the specific case of our experiment, the micro-
bial analysis was more responsive in short-term appli-
cation. We hypothesize that response on soil chemistry, 
plant mineral nutrition and productivity might occur 
in the long-term. 

Cover crop [pearl millet (Pennisetum glaucum) and 
jack bean (Canavalia ensiformis)] cultivation increased 
labile C, which can enhance soil microbial activity and 
nutrient absorption by citrus trees [Pera’ orange (Citrus 
sinensis)] (Oliveira et al., 2017). 

Interestingly, mulching and millet + faba bean 
affected microbial data (MBC, MBN, BRA, SPO), but 
it did not change nutrient concentration of fruit trees, 
especially macronutrients (data not shown). Howev-
er, the DRIS index indicated better nutrient balance 
in fruit trees treated with millet + faba bean. This 
suggests that soil microorganisms may indirectly al-
ter mineral uptake in fruit trees, which decreases the 
range between excess and deficiency of nutrients. 
The positive effect of mulching on DRIS indexes was 
found in cherries that presented lower unbalanced 
indexes and relatively higher yields (Mourão Filho, 
2004). 

When an ecosystem is well balanced, nutrients 
are channeled according to plant demands and conse-
quently might reduce losses by leaching and volatil-
ization (Rengel, 1999). Macadamia and pomelo plants 
showed different responses to control, manual, and 
mulching treatments, although they improved in a sim-
ilar manner when treated with two cover crops.

Conclusions

The cover crop systems and mulching in maca-
damia and fruit orchards can benefit the soil microbial 
growth, basal respiration and mycorrhiza in soils. This 
effect was more expressive in macadamia than in pom-
elo. Moreover, the use of both millet and faba bean to-
gether could improve some microbial indicators in the 
soil.
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