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ABSTRACT

Proper crop management is essential for preservation of medicinal plants of the Cerrado. There is nex-&itort of
cultivation ofAllophylus eduligvacum), which is used for its antimicrobial and antioxidant activities, in intercropping
with Tropaeolum majugnasturtium)Therefore, the aim of this study was to evaluate tfeetsfof the intercropping
with nasturtium and fertilization with chicken manure on yield of vacum. The experiment consisted of six treatments:
monocrop vacum without chicken manure; monocrop vacum with hicken manure; monocrop nasturtium without chicken
manure; monocrop nasturtium with chicken manure; vacum intercropped with nasturtium without chicken manure and
vacum intercropped with nasturtium with chicken manure. The crop cycle of vacum took 540 days after transplanting
and, during this period, nasturtium was cultivated in two cycles, in 2017 andv2@1i8 showed greater height growth
and production of fresh and dry masses of leaves in single cultivation with chicken manure fertilization. Nasturtium
showed greater growth and flower production in monocrop cultivation with chicken manure fertiliazation, in the first
cycle.The intercropping vacum with nasturtium wafeefive, showing Equivaledtrea Ratio (EAR) of 1.16 and 1.18
without and with chicken manure, respectively

Keywords: nasturtium; vacum; organic waste; plant arrangement.

INTRODUCTION et al, 2018). Therefore, thneed for studies regarding

. . .__cultivation practices, including intercropping, with
Proper crop manageant is essential for preservation
advantages such as proper use of natural resources,

of native medicinal plants. Cerrado is one of the blorn‘?1sarvest at different times, maximization of space with

that are rich in spe_c_les of ecopom|c_ mtergst. It '_S th&ecies of different habits, use of organic waste, greater
second largest Brazilian vegetation unit and is con&deragowth and yield of the species (Britbal, 2017)

the richest in plant species among the warBvannas. Allophylus eduligA. St.-Hil., A. Juss. Cambess.)
Hence, the risk of biodiversity loss due to intensificatiofieron. ex Niederl (vacum, Sapindaceae) is native to Brazil,
of farming activities, spread of exotic speciesgccyrring in the Cerrado of Mato Grosso do Sul and Mi-
deforestation, burnings, and degradation of naturahs Gerais. Its leaves have medicinal properties against
resources (Fernandesal, 2016). throat inflammations (Trevizaet al, 2016), diarrhea (Umeo
The exploitation of medicinal plant genetic resourcegt al, 2011), and antimicrobial and antioxidant activities
is associated with extractive activities, making them moigue to the presence of phenolic compounds such as
susceptible to extinction (Fernanagsl, 2016; Jeromini alkaloids, flavonoids, and essential oils (steroid and
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triterpenoid) in its chemical composition (Tirlogi al, vacum intercropped with nasturtium and fertilization with
2015). Economicallyit is used as wood in carpentry andchicken manure.

afforestation of cities; the ripe fruits are sweet and eaten

by birds and other animals (Umebal, 2011; Trevizaet MATERIAL AND METHODS

al., 2016).

Tropa)leolum majus. (nasturtiumTropaeolaceae) has The experirent was performed in the Mgdicinal Plant
potential to be intercropped with vacum. Nasturtium is afjarden (2213 16"S and 347 01"W 452m altitude) of the
edible plant with medicinal properties against cardiovasculgp'vers'dade Federal da Grande Douradc_)s_, Douraq_os-MS,
disorders (Jakubczydt al, 2018), urinary tract infections, from July 2017 to October 2018. The soil is classmgd as
antiseptic and expectorant activities (Metal, 2018)As  Dystroferric Red Latosol (Embrapa, 2013) and the climate
a vegetable, the whole aerial part is used for hum& mesothermal humid, tygem, tropical, with rainy

consumption, with leaves and flowers being sources SfMmmersTemperature range from 20 to 24 °C and annual
vitamin C and mineral salts (Jakubcaglal, 2018). rainfall from 1250 to 1500 mm (Alvares al, 2013).

Literature reviews have shown that there were nfemperatures and rainfall during cultivation are shown in
studies regarding the intercropping of vacum witffigure 1.
nasturtium or addressing its growth and yield, indicating Vacum and nasturtium cWewel’ were studied in
the importance of preserving this species native to tf&ONOCrop and intercrop systems, with or without addition
Cerrado, decreasing the risk of extinction, fightiné’f of 15 t hachicken manure to the soil. The experiment
indiscriminate use, and using proper cultivatiorsonsisted of six treatments as follows: monocrop vacum
management (Fernandetsal, 2016; Oliveirat al, 2015). without chicken manure; monocrop vacum with chicken
Intercropping of medicinal plants has been studied by sorfi2nure; monocrop nasturtium without chicken manure;
authors (Britcet al, 2017; Moraest al, 2007); however Monocrop nasturtium with chicken manure; vacum
investigations with species native to Cerrado are stifitercropped with nasturtium without chicken manure and
lacking, making researches that generate knowledge 48cum intercropped with nasturtium with chicken manure.
provide rational use of natural resources necessary The experiment was arranged in a randomized block design

In addition to intercropping, the use of organic wast#ith four replicates. Each plot had an area of Z%lnm
as chicken manure, which is a primary source of nutrientgide and 2.5 m long), with one row of vacum with five
can contribute to reduce reliance on agricultural inputs, 8nts spaced 0.50 m, with population oD plants hg
well as to provide a sustainable destination for theg#d two rows of nasturtium with ten plants each spaced
materials (raleset al, 2014; Rogeiét al, 2015). Oganic  0.50 m between rows and 0.25 cm between plants, with
manure can increase medicinal plant production H3opulation of 75.000 plants hialhe same spacings were
promoting slow and gradual release of nutrients to the soed in the plots with intercrop, and the total field experiment
over time and improving physical, chemical, and biologicalize was 75 m?.
attributes of the soil such as reduction of soil depsity The species were propagated in polystyrene trays with
increase in soil porositgnd increase in soil-water retention1 28 cells, using Bioplafitsubstrate, in protected
(Costaet al, 2009), increase in cation exchange capacitgnvironment with 50% shadiny/acum seeds were
increase levels of, IK, Ca, Mg, Cu and Zn (Rogeet al, extracted from fruits randomly harvested (Registration
2015), and increase soil microbial respiration (Andetde SISGEN numbeA9CDAAE) from plants of natural

al., 2015). populations in Dourados-MS (22°08'23.24"S and
The beneficial effect of organic wastes to plants hd=°08'16.84"W487 m altitude).
been demonstrated by Bonamaal.(2016), who found Seeds of a commercial variety of nasturtium were

that the substrate composed of soil, sand and poul@yrchased from IstesSementes. When the vacum seedlings
manure favored the growth and quality of seedlings ¢e¢ached 15 cm in height, they were transferred to tubes
Tocoyena formoséCham. & Schitdl.) K. Schum. Bortolini and transplanted to the field with about 50 cm in height, at
et al. (2017) reported that poultry manure with sewagene year of age. Nasturtium was cultivated in two cycles,
sludge improved height and diameter growth rates of 2017 and 2018. In the first cycle, 2017, the seedlings
seedlings ofCedrela fissilisand Anadenanthera were transplanted 25 days after sowing (DAS) on the same
macrocarpaBenth). Brenan. Sangadit al.(2004) found day that vacum was transplanted, and in the second cycle,
that chicken manure added of nitrogen enhanced pla118, at 190 days after vacum transplanting, both with
growth and flower production iffropaeolum majus. about 12 cmin height.

However limited studies are available on intercropping The planting area was prepared by plowing and
with native medicinal plants and animal manure fertilizatiorharrowing ad seedbeds were prepared with a rotary
Thus, the aim of this study was to assess the yield diltivator Chicken manure was added to the respective plots,
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at 0.0-0.20 m depth, using a rotary cultivator the day 450, 480, and 510 DiRand in nasturtium leaves at 30, 60,
after the transplanting. Chicken manure contained 260.39, and 120 DA in each cycle, in the morning, using an
kg* C,ganc 15-36 g kg P 20.0 g kg K ; 23.9 gkg*  infrared gas analyzer - IRGAICor, model LI-6400ADC
N, and 447.0 g k§MO, and C/N=10.87. Sprinkler System) with 300 mL mihairflow and a 995 pmol #s*
irrigation was performed to maintain soil moisture at 70%ght source. The chlorophyll index (CIl) was determined
field capacity Weeding was carried out by hand wherusing a portable chlorophyllometer (ClorofiLOG CFL 1030
necessary Falker).
The characteristics assessed for the vacum plants wereThe efficiency of the intercropping was assessed using
as follows: collar diameter and height measured every 8@ EquivalenArea Ratio (EAR) (Caetanet al, 1999),
days, from 30 to 540 days after transplanting TO&uits ~ with the equation: EAR = (Cv/Sv) + (Cn/Sn); where Cv and
were harvested weeklyn 2017 (90 to 120 DB) and 2018 Cn =vacum and nasturtium productions in the intercropping
(420t0 510 DA), and after weighing, the production wasand Sv and Sn = vacum and nasturtium productions in
summed up to determine the total production of each yearonocropping.
At 540 DAT, plants were harvested by cutting at 0.50 m Data were subjected to analysis of variance by the F
above the collafresh and dry masses of leaves and stentsst, and means were compared byTikey’s test (p<
weighed, and leaf area assessed using a leaf area integrat@s). Data assessed during the cultivation cycles were
LI 3100 (LI-COR, Lincoln, Nebraska, USA). analyzed as plots subdivided in time, subjected to analysis
After weighing, the leaves were dried to constant masg$ variance by the F test, and regression models were
in a forced air circulation oven at 65 °C £ 5 °C to determinadjusted at 5%. Principal component analysis was used to
the dry massThen, the material was ground iWélley  understand the relationship among intercropp, monocrop,
type mill for further analysis of macro and micronutrienand chicken manure (Sneath & Sokal, 1973).
content, according to Malavolta (2006). Soil samples from
all treatments were collected to perform the characterizati
of the chemical attributes. The nasturtium plants had thgii:ESU LTS
height measured during the cultivation cycles and flowers The soil in the intercropping system with addition of
in anthesis were harvested for assessment of number ahicken manure had the highest contents &f BB,V%
fresh and dry masses. and lowestAl, at the end of the crop cycle. Monocrop
The following physiological parameters of vacum anstacum with addition of chicken manure had higher contents
nasturtium plants were assessed: transpirarafd of K, OM and SB; and monocrop nasturtium with chicken
photosynthetic A) rate, stomatal conductancgs, manure had higher contents of OM and Zn. The contents
intercellular CQ concentrationGi), instantaneous water of Ca, Mg, Cu, Mn, Fe, pH, H+Al, and CEC were not
use efficiencyA E*- WUE), instantaneous carboxylation different among the factors under studgigfe 1).
(ACit- ICE), and intrinsic water use efficiency (A Gs Chemical attributes of vacum leaves cultivated with
WUEI, imol molt). The parameters were assessed in fullgddition of chicken manure had higher content of N,
expanded leaves of vacum plants at 30, 60, 90, 120, 42€gardless of being intercropped, while P was higher in
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Figure 1. Maximum and minimum 10-day temperature and rainfall averages, from July 10, 2017 to October 27, 2018. (Source:
clima.cpao.embrapa.br).
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Table 1: Chemical attributes of soil before and at the end of the experiment, regarding monocrop and intercrop systems, with and without addition of chicken manure

Attributes Initial
P(mg dmd) 14.33
K (mmolc dnr) 5.40
Ca (mmolc dnd) 35.10
Mg (mmolc dn?) 17.30
Cu (mg dn¥) -
Mn (mg dn¥) -
Fe (mg dn¥) -
Zn (mg dn¥) -
OM (g dm-3) 27.31
pH 5.40
Al (mmolc dmd) 1.00
H+AI (mmolc dmd) 57.60
SB (mmolc dn¥) 5.80
CEC (mmolc dnd) 115.40
V% 5.09

With chicken manure

Without chicken manure

Vacum

51.17+13.65ab
2.10+0.09a
75.00+0.54a
22.50+0.16a
13.25+0.37a
92.00+2.93a

123.75+15.55a
4.75+0.84ab
33.75+0.62a
5.25+0.12a
0.90+0.06ab
34.70+0.23a
2.10+0.09a
36.60+0.30a
5.40+2,47ab

Nasturtium

51.82+23.78ab
1.70+£0.07ab
75.00+0.85a
25.00+0.21a
13.00+0.85a
86.75+9.43a
123.00+11.48a
5.00+1.24a
31.75+2.97a
5.35+0.07a
0.60+0.06ab
32.90+0.10a
1.60+£0.07ab
34.10+0.14a
4.67+1.86ab

Consortium

54.97+20.06a
2.00+0.05a
72.50+0.79a
22.50+0.10a
13.75+0.23a
78.75+6.87a
132.25+27.22 a
3.50+1.08ab
30.50+1.54ab
5.32+0.08a
0.30+0.06b
33.50+0.06a
2.00+0.05a
34.90+0.07 a
5.82+1.27a

Vacum

17.67+5.52b
0.90+0.01ab
65.00+0.33a
20.00+0.30a
12.50+1.09a
82.00+7.59a
139.25+24.01a
3.50+0.53ab
29.25+2.53ab
5.11+0.12a
2.10+0.06a
38.80+0.73a
0.90+0.01ab
39.90+0.77 a
2.60+0.33b

Nasturtium

24.00+7.38ab
0.70+0.01b
62.50+0.40a
20.00+0.15a
12.75+0.81a
76.75+9.71a
135.00+£15.91a
3.50+0.46ab
26.25+2.80b
5.18+0.07a
1.50+0.06ab
33.40+0.26a
0.80+0.01b
34.70+0.34 a
2.35+0.33b

Consortium

31.15+5.22ab
1.20+0.01ab
62.50+0.31a
20.00+0.05a
13.25+0.71a
86.50+8.15a
145.75+22.39a
2.75x0.51b
26.50£3.07b
5.35+0.09a
1.20+0.09ab
33.30+0.15a
1.20+0.01ab
35.10+0.18a
3.40 ab+0.21b

C.V. (%)

40.39
35.88
9.29
14.60
6.59
8.26
15.38
23.49
7.62
2.01
59.75
8.74
36.69
8.23
33.00

Means followed by the same letters in the rows are not significanfigredift by theTukey’s test at the level of 5% of probability (p > 0.05). Content of phosphorus (P), potassium (K), calcium (d
magnesium (Mg), copper (Cu), manganese (Mn), iron (Fe), zinc (Zganar matter (OM), hydrogen potential (pH), aluminum (Al), potential acidity (M);sum of bases (SB), cation exchange

capacity (CEC), and base saturation (V%). .G.\¢oeficient of variation.
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leaves of plants in intercropping without chicken manurevithout addition of chicken manure. The stomatal
The contents of Ca and Mn were higher in monocroppirgpnductancegs), instantaneous carboxylation efficiency
with addition of chicken manure, differing only from the(ICE), and Chlorophyllb index showed no difference
intercropping without addition of chicken manure. Foliammong the factors under studyable 3).The indexes of
contents of K, Mg, Cu, and Zn were not different amon@hlorophylla, b, and total in nasturtium plants were higher
the factors under study in monocroppingalfle 2). with addition of chicken manure, regardless of the
Intercropped nasturtium with addition of chicken manur@tercropping and cycles éble 3).
had higher foliar content of N and K&@le 2). Regarding the physiological parameters of nasturtium
Over the cycle, the growth in height of vacum plantplants, the lowest intercellular G€oncentration&i) (280
was linear being greater in monocropping, with theumol mol*; w=384.656250-2.678021*x+0.017135*x?;
maximum height of 147.17 cm at 540 D&Figure 2A). R2=0.88) was recorded in the 2017 cycle at 78 DAe
The greatest stem diameter of vacum plants wasomatal conductancgg (from 0.375 to 0.18amol mol?;
achieved in monocropping, with maximum of 21.06 mmv=0.3957-0.0018*x; R2=0.75) decreased over the cultivation
at 540 DA (Figure 2B), while with the addition of cycle, regardless of the intercropping and addition of
chicken manure, the maximum diameter was 20.66 mm@ticken manure.
540 DAT (Figure 2C). In the second crop cycle of nasturtium, the maximum
The maximum heights of nasturtium plants occurred istomatal conductanceyg) of 0.30 umol mol* (w=-
the treatment with addition of chicken manure, 28.76 cm @t0059+0.0082*x-0.000066*x%; R2=0.77) was recorded at 62
98 DAT in 2017 (Figure 3A), and 23.34cm at 128Dk DAT and the maximum instantaneous carboxilation
2018, in monocrop (Figure 3B). efficiency (CE) of 0.03 mol n¥ s* (w=-0.0004+0.0012*x-
The physiological parameters of vacum plants showéd000009*x2;, R2=0.95) at 66 OAThe maximum transpiraton
higher photosynthetic rateA], intercellular CQ rate €) of 5.07 mmol n¥ s* (w=2.802187+0.084430*x-
concentration €i), instantaneous water use efficiency0.000784*x2; R2=0.90) was recorded at 53TDsxd the
(WUBE), intrinsic water use efficiencWUEI), and indexes maximum photosynthetic raté) of 11.48umol n? st
of Chlorophylla and total with addition of chicken manure,(w=1.4632+0.3102*x-0.0024*x?; R2=0.99), at 64 DA
regardless of the intercropping. On the other hand, tihegardless of the intercropping and addition of chicken
transpiration rateH) was greater in the intercroppingmanure.

Table 2: Contents of macro and micronutrients in leaves of vacum and nasturtium in monocropping and intercropping systems, with
and without addition of chicken manure

With chicken manure Without chicken manure

0,

Nutrient Vacum C.V. (%)
M onocrop Intercrop Monocrop Intercrop
N (g kgY) 138.60+1.14 a 136.50+8.66 a 51.10+14.56 b 43.75+£10.19 b 40.80
P (g k@Y 3.74+0.70 ab 4.07+0.64 ab 2.95+0.23 b 4.25+0.48 a 15.31
K (g kg?) 1.83+0.42 a 1.92+0.58 a 1.54+0.30 a 1.82+0.42 a 27.15
Ca (g kg) 11.57+1.28 a 11.18+1.21 ab 9.93+0.76 ab 9.25+0.76 b 9.84
Mg (g kg?) 3.68+0.31 a 3.59+0.40 a 3.53+x0.31 a 3.59+0.26 a 5.10
Cu (mg kd) 4.11+0.28 a 4.03+0.52 a 3.54+0.35 a 3.76x0.44 a 9.38
Mn (mg kg?) 96.89+8.51 a 86.76+7.05 ab 84.89+11.67 ab 69.87+3.31 b 9.39
Zn (mg kgh) 20.67+7.24 a 22.45+12.62 a 14.00+£6.27 a 23.85+5.45 a 42.62
Nasturtium

N (g kg?) 123.55+8.03 a 104.30+£17.63 a 7.00+£1.97 b 12.25+2.39 b 49.43
P (g kgY 6.72+0.79 a 7.27+1.25a 6.06+1.45 a 5.33+0.91 a 15.15
K (g kgh) 3.79+1.04 b 5.66+0.63 a 6.05+0.66 a 3.57+0.51 b 12.81
Ca(gkd) 19.02+2.79 a 22.0045.42 a 17.15+11.77 a 17.44+10.08 a 37.92
Mg (g kg?) 4.47+0.30 a 4.52+0.30 a 3.53+2.35a 4.64+0.32 a 27.20
Cu (mg kg 21.41+17.28 a 12.25+4.43 a 16.85+4.62 a 17.954+6.46 a 52.35
Mn (mg kgh 138.51+26.48 a 113.21+21.06 a 127.11+25.52 a 128.01+26.17 a 23.04
Zn (mg kgh) 58.20+20.92 a 72.00+13.92 a 76.09+20.19 a 75.80+16.53a 17.60

Means followed by the same letters in the rows are not significantlgrelift by theTukey’s test at the level of 5% of probability
(p > 0.05). Nitrogen (N), phosphorus (P), potassium (K), calcium (Ca), magnesium (Mg), copper (Cu), manganese (Mn), and zinc (Zn).
C.V. - coeficient of variation.
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The maximum intercellular COconcentration i)  with or without addition of chicken manure. The fresh and
(290.84pmol molt; w=254.2254+0.5715*x-0.0032*x2; dry mass of stems showed no difference between
R2=0.76) and reduction in instantaneous carboxylatidneatments (@ble 4). No diference was found for fruit
efficiency (CE) (0.026 mol n? s'; w=0.0331- production of vacum as a function of the treatments, with
0.0002x+0.000001*x2; R2=0.79) were found at 210MA mean fresh mass of 4.29 g pfaand dry mass of 1.25 g
regardless of the intercropping and addition of chickeplant®, probably due to the short period of assessment,
manure, since at low concentrations of,gBotosynthetic - since the species is perennial.
rates are limited @izet al, 2017). The flower production of nasturtium was maximum with

Fresh and dry masses of leaves and leaf area of vacaddition of chicken manure in the first cycle, regardless of
were higher in monocropping with addition of chickerthe intercropping, producing the greatest number (113.54
manure, except for fresh mass of leaves that did not diffelant?), fresh mass (69.21 g pl&itand dry mass (5.17 g

Alntercropping §=50.472582+0.114246*x; R*=0.90 ° L
@ Monocropping §=48.503113+0.151873%x; R?=0.88 24 7 Alntercropping §=3.016389+0.028099*x; R*=0.90
22 4 ®Monocropping §=2.251005+0.034324*x; R?=0.89

Height of vacum plants (cm)
1=
S
Diameter of stem of vacum plants

o +—r——rTT"—T—"T"T"T"T

30 60 90 120150 180210240270 300 330 360 390 420 450 480 510 540 30 60 90 120150 180210240270 300 330 360 390 420 450 480 510 540

Days after transplanting Days after transplanting

22 - ®With chicken manure $=2.175155+0.033775%*x; R>=0.90
| aWithout chicken manure §=3.092239+0.028648%*x: R2=0.82

Diameter of stem of vacum plants
(mm)

30 60 90 120 150 180 210 240 270 300 330 360 390 420 450 480 510 540
Days after transplanting

Figure2: Plant height (A) and stem diameter of vacum as a function of days after transplanting, in intercropping (B) and addition of
chicken manure to the soil (C).
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Figure 3: Height (cm) of nasturtium as a function of addition of chicken manure to the soil, in 2017 (A) and as a function of
intercropping, in 2018 (B).

Rev CeresVicosa, v66, n.5, p. 351-362, sep/oct, 2048



Intercropping withTropaeolum majuand fertilization with chicken manure on yield... 357

plant?). No difference was found between treatments iaxis 1 explained 58.93% and axis 2 explained 33.10%, totaling
the second cycle. 92.03% of total data variability (Figure 4B).

The principal component analysis (PCA) related the Characteristics of vacum plants were separated into
characteristics analyzed of vacum and nasturtium planfeur groups. The first group comprised the monocropping
Axis 1 explained 53.30% of data variation and axis @ith chicken manure, which was explained by height, FML,
explained 42.02%, totaling 95.32% of total data variabilitpML, LA, WUE WUE;, A, chlorophylla, b,and total, Ca-s,
in vacum plants (Figure 4A). Regarding nasturtium plants|-v, and Ca-v

Table 3: Physiological parameters and chloroplaylh, and total indexes in vacum and nasturtium as a function of monocropping and
intercropping with nasturtium, with and without chicken manure

With chicken manure

Without chicken manure

C.V.

Parameters Vacum (%)
Monocrop Intercrop M onocrop Intercrop

Ci (umol mot*) 270.30+33.40 a  261.09+27.70 ab 242.33+23.55b 252.40+26.02 ab 10.53
E (mmol m? s?) 3.22+x0.92 b 3.67+1.16 ab 3.43x1.47 ab 4.27+0.92 a 30.94
Gs(mol m? s?) 0.120+0.07 a 0.123+0.07 a 0.129+0.05 a 0.165+0.04 a 44.32
A (pmol m? st) 10.57+1.95 a 9.73+2.42 a 7.82+1.38 b 7.85x1.97 b 24.46
WUE (mmol CO2 mol-* FD) 3.45+0.73 a 2.72+0.36 ab 2.75x0.36 ab 2.31+0.50 b 36.27

ICE (mol m? s?)

0.032+0.003 a

0.031+0.007 a

0.034+0.004 a

0.033+0.007 a25.69

WUEi (umol mot?) 86.94+27,14 a 83.00+11,15 ab 75.53+14,50 bc  73.32+13,64 ¢ 14.43
Chlorophylla 34.26x1.49 a 34.24+2.45a  29.66%12.25 b 28.43+2.72 b 15.90
Chlorophyll b 14.66+0.45 a 13.61+0.75a 13.44+28.47 a 10.48+0.46 a 40.38
Chlorophyll total 48.93+1.94 a 47.86+x3.20a  41.40+3.44 b 38.93+3.10 b 15.26
Nasturtium
Chlorophylla 31.67+£1.68 a 31.18+2.09a 27.64+2.84 b 26.61+2.14 b 9.32
Chlorophyllb 2018 12.22+0.69 a 10.39+0.82 ab 8.72+0.45 bc 7.91+0.35¢c 21.75
Chlorophyll total 43.92+2.12 a 41.57+2.87a  36.43+x3.12 b 34.59+2.16 b 10.09
Chlorophyll a 30.66+4.46 a 30.72+3.47a  24.02+1.45b 25.45+£1.66 b 14.40
Chlorophyllb 2019 11.83+1.93 a 12.56+0.77 a 8.48t1.12 b 8.66+£0.53 b 18.64
Chlorophyll total 42.50+6.38 a 43.28+4.25a  32.50+1.57 b 34.10+2.12 b 14.57

Means followed by the same letters in the rows are not significanfigrelit by theTukey’s test at the level of 5% of probability (p >
0.05). intercellular CO2 concentratioif, transpiration rateH), stomatal conductances), photosynthetic rateA), instantaneous
water use diciency (WUE), instantaneous carboxylationfiefency (CE) and intrinsic water use fedfiency (WUEIJ). C.V. - coeficient of
variation.

Table 4: Effect of crop system and addition of chicken manure to the soil on the production fresh (FML) and dry (DML) mass of
leaves and stems (FMS and DMS) and leaf area (LA) of vacuum at 5SA@rmaAnasturtium at 140 OAn 2018

With chicken manure Without chicken manure

) C.V.

Variables Vacum (%)
M onocrop Intercrop Monocrop Intercrop
FML (g plant) 247.02+25.98 a 142.86+5.34 ab 235.32+18.35a117.38+7.57 b 36.29
DML (g plant®) 79.32+9.23 a 39.54+2.97 ab 68.65+5.30 ab  31.83+¥2.75 b 47.65
FMS (g plant) 186.25+£30.22 a 120.46+9.57a 178.51+21.16 a 120.95+12.50a 63.69
DMS (g plant) 104.76+£14.39 a 72.70+4.59 a 99.33+9.48 a 72.93+5.77a 51.10
LA (cm? plantt) 8318.04+80.22 a 4354.83+20.05 bc 7400.81+50.62 al3787.78+20.79 c  36.21
Nasturtium

FML (g plant?) 164.00+11.11 a 57.50+3.31 b 84.25+2.38 ab 42.75+2.18 b 63.26
DML (g plant?) 19.75+13.54 a 8.75+4.48 ab 10.2545.38 ab 6.25+3.39 b 65.62
FMS (g plant) 73.75+7.38 a 27.00+1.32 a 47.00+£3.15a 24.00+1.33 a 90.08
DMS (g plant) 11.75+7.46 a 4.50+2.32 a 7.25+4.04 a 4.00£1.79a 64.55
LA (cm? plant) 2097.25+20.32 a 1525.75+50.44 ab 1001.75 bc+40.43754.00+10.73 ¢ 31.58

Means followed by the same letters in the rows are not significanfigrefift by theTukey’s test at the level of 5% of probability (p >

0.05). C.V - coeficient of variation.
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The second group (Figure 4A) comprised the Characteristics of nasturtium were separated into four
intercropping of vacum with nasturtium with addition ofgroups. The first group comprised the monocropping with
chicken manure, which was explained by the variables Séhicken manure, which was explained by FML, FM FL,
K-s, V%, P-s, Cu-yZn-v, pH, and P-vThe third group DM FL, LA, E, WUE, Mn-v, Cu-Vy, chlorophylla, b, and
comprised the monocropping of vacum without additiototal (Figure 4B).
of chicken manure, which was explained by H+Aland CEC, The second group comprised the intercropping of
and the fourth group corresponded to the intercroppimasturtium with addition of chicken manure, which was
without addition of chicken manure, which was explainedxplained by SB, K-3/%, Mg-v, Ca-y andCi. The third

by F-s andCi. and fourth groups corresponded to monocropping of
- . 4-
Monocrop without chicken manure
3-
24
o\ 1A MFFygs Monocrop with chicken manure
At
a Cloro
p Total
S - T - : Ny T
o 4 3 2 : 1 K-S 2 3 4
o =S = éu'—\’
a iy Intercrop whith chicken manure
24
34
Intercrop whithout chicken manure
4-
CP1(5330)
3.004

Monocrop with chickem manure

Monocrop without chicken manure

150
M n‘ EiUA

'S
o
(5

CP 2 (33.10%)

Intercrop whithout chicken manure

-3.004 Intercrop whith chicken manure

CP1(58.93%)
Figure 4: Principal component analysis (PCA) of variables related to growth, production, physiological parameters, and chemical
characteristics of plant and soil material as a function of monocrop and intercrop systems, with and without addition of chicken
manure to the soil. Ca-p = plant calcium; P-p = plant phosphorus, K-s = soil potassium; Fe-s = soil iron; Ca-s = soil calcium, Zn-p
= plant zinc, Cu-p = plant copper; K-p = plant potassium, Mn-p = plant manganese.
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nasturtium and intercropping without addition of chicken The higher nutrient content in leaf dry mass of
manure and were explained By and WUE and CEC, nasturtium, in relation to vacum, indicates that this species
respectively (Figure 4B). requires higher amounts of these nutrients for leaf

Intercropping efficiencywas calculated according tdormation, as well as to meet the metabolic demands of
values of Equivalertrea Ratio (EAR) as 1.16 and 1.18 forflowers produced along the cultivation cycle (Jakubczyk
the treatments without and with chicken manurestal, 2018).

respectivelyand therefore it was considerefia@ént. Vacum had greater height and diameter of stem in
monocropping due to the lack of competition with
DISCUSSION nasturtium. The height values in these treatments were

The intercropping and the addition of chicken manurgreater than those reported by Knagtkal. (2005) for
favored Padsorption by soil, due to its anionic charactethe same species propagated by seeds and cultivated
since the sites electrostatically attract cations such as @dth mineral fertilization; they observed maximum height
Fe, andAl, which induce Pretention (Sé&t al, 2017). of 8.02 cm at 120 DR They also found that the plant was
According to the classification by Raij (2017), the P contemiot responsive to fertilization, indicating lower demand
in the soil found in this study is considered high (> 41ior nutrients and slow growth over the years. The increase
mmol._dm?®). These results corroborate the study oih stem diameter with addition of chicken manure is result
Rodriguest al.(2016) who evaluated the intercropping ofrom the effects on greater nutrient availability as well as
Acacia mangiunWilld., native to Brazil, withPueraria improvements in physical, chemical, and microbiological
phaseoloideéRoxb.) Benth, forage Fabaceae, and reportegharacteristics of soil (Kiehl, 1985).
improvement of soil chemical attributes. The fact that chicken manure contributed to growth of

Species native to the Cerrado such as vacum occumasturtium corroborates the findings of Sanga#il.(2004),
areas of acid and low fertility soils, therefore, they aresho reported that the improved nutrient availabjlity
adapted to the soil conditions where this study wasfiltration, and water retention resulting from the use of
performed (Knapiket al, 2005; Umecet al, 2011). organic waste contributed to the growth of nasturtium,
Nevertheless, the OM content was satisfactory for thmainly at the beginning of the crop cycle. In addition, Moraes
effectiveness of CEC, supplying of nutrients such as & al. (2007) observed mean height of 21.05 cm in in full
and K, maintenance of pH, and reductiob€ontent. bloom nasturtiums at 70 OA
This is a consenquence of the mineralization process that Nasturtiums are more demanding in nutritional terms than
transforms organic material into organic substances lracum plants (Jakubczyd al, 2018); hence, the greater
increasing the negative charges of the soil and raisiggowth rate in monocropping is a result of less competition
the pH (Séet al, 2017). In in this studythe nutrient for nutrients, light, wateroxigen, and other&he lower
contents in vacum were within the range consideregtowth in 2018 is due to high rainfall and high temperatures,
suitable, according to Raij (2017), for crop developmentvhich reduced plant growth, since the species is adapted to
N (40-60 g kg), P (3-7 gkd), K (1-5 g kg"), Ca (4-40g kg mild temperatures, with mean of 21.61 °C.

1), Cu (5-30 mg dr#), Mn (20-300 mg drf), and Zn (27-150 Gas exchange in vacum was greater by the effect of
mg dm?). chicken manure on soil chemical properties, increasing

The treatment intercropping without chicken manuréhe contents of P and Mg, which act as cofactors in
resulted in greater foliar P content in vacum plantg&nzymes of energetic metabolism, in the chlorophyll
probably because it is an undemanding native specie®lecule, and conversion of light eggrintoATP (Oli-
adapted to use iore eficiently. The concentration of P veiraet al,, 2018). Moreoverthe nutrients provided by
in the soil solution is low which is considered a limitingchicken manure can contribute to the transport and
factor to more demanding plants, like nasturtium, due &bsorption of ions and speed of enzymatic reactions of
the strong adsorption to iron oxides and aluminum frotihe Krebs cycle, resulting in increased production of
the clay fraction (Rodriguest al, 2016; Raij, 2017). P metabolic energy and increasing the synthesis of nucleic
stimulates root growth and enhances reproductive growtigids (Rizet al, 2017).
as itis a constituent of the cytoplasmic and nuclear proteins As a consequence, there was a significant increase in
and has important role in the carbohydrates metabolisshoot growth of vacum, favoring the exposure of leaves to
and enayy transfers (&izet al, 2017). direct sunlight and photoassimilates productioai{ €t

The importance of high foliar K content in nasturtiumal., 2017). The increase in the values of chlorophgihd
is because of its role in cellular osmotic regulatiortotal indices in vacum are due to the beneficial effects of
activation of enzymes in the photosynthesis, anchicken manure on nutrient availabilihamely N, Mg, P
respiration processes, consequer#dgding to a greater and micronutrients, which are related to photosynthesis
growth rate and flower maturationgjzet al, 2017). and constituents of chlorophyll molecule (Armaatdal,
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2016). Studies assessing chlorophyll index with additidmigher organic matter content. C-related nutrients, like N
of organic fertilizers resulted in favorable effects, aand Rare released from microbial cells to the soil as mine-
reported by Salest al.(2018) orSchinus terebinthifolius ral, making them available for absorption by plants, thus,
fertilized with tannery sludge, waste from coffee roastingontributing to growth and productivity (Malavolta, 2006;
industry and cow manure. Andradeet al, 2015; Jakubczyét al, 2018).
Water use ditiency WUEI) and instantaneous water  Different results were reported by Knapikal.(2005),
use efficiency WUE) were greater in vacum because ostudying the effect of mineral fertilization [(NH,, ), SO,, ,
the species ability to regulate gas exchange, by decreasi)@, and KCI] on vacum. The authors found no response
stomatal conductance and transpiration more than C@garding fresh mass of leaf and stem and concluded that
assimilation, saving water for each C@olecule species native to Cerrado are undemanding for fertilization.
assimilated (@izet al, 2017). The positive response to organic fertilization in this study
Greater evapotranspiration and photorespiration amédsults from the different conditions of soil, climate, and
lower efficiency of Rubisco in vacum plants withoutothers, itis, therefore, important to produce more leaf mass
chicken manure led to lower growth rate, since the reductiamd consequently more secondary metabolites (Krepik
in mesophyll metabolism limits CCabsorption in the al., 2005;Toraleset al, 2014 Trevizanet al, 2016).
chloroplasts (fizet al, 2017). Agronomic practices that improve vacum yield are key
The concentrations of chlorophy) b and total were to phytotherapybecause the essential oil is produced in
higher in nasturtium with addition of chicken manure. Thithe leavesVacum oil has viridiflorol (30.88%) as main
result is due to greater foliar N content, which is importamtonstituent. It is used againd¥lycobacterium
for photosynthesis and plant growth as a constituent tfberculosis and as a natural antiinflammatory
the chlorophyll molecule (Armondt al, 2016). The antimycobacterial and antioxidant (Trevizgral, 2016).
chlorophyllb index enables the capture of larger amount Studies performed by Tirloet al.(2015), Trevizart
of incident light and channel it to the sites of action odl. (2016) and Umeet al (2011) proved the benefits of
photosystems, thus providing grea#dP and NADPH flavonoids and phenolic compounds from essential oil of
formation (Salest al, 2018). vacum, highlighting the importance of cropping systems
The lowest intercellular CQconcentration in to increase productivitysince the exploitation of genetic
nasturtium, in the 2017 cycle, stimulated stomatal openinggsources and extractive harvest of Cerrado can lead to
allowing entry of CQto support high photosynthetic ratesreduction of natural resources and even extinction of native
and instantaneous water uséogncy. The decrease in species (Oliveiraet al, 2015; Fernandest al, 2016;
stomatal conductance along the crop cycle, regardlessJefominiet al, 2018).
the intercropping and addition of chicken manure, led to The great genetic variability of the species accounts
senescence and leaf fall, emergence of structures, dodthe low fruit production, therefore few plants flowered
assimilating tissues @iz et al, 2017), therefore causing and set fruit in the short cycle periéddong the crop cycle,
reduction in height and plant productivity the variation would decrease and yield would increase. It
When the leaves began the senescence process,ishef note that fruit production in large quantities is not
photosynthetic rates began to decrease due to chloroptddkirable when it is to be used as medicinal plant, since the
degradation (dizet al, 2017), with a progressive reductionleaves are the organs used for this purpose (Tigloali,
of gas exchange, with minimum values at 120 0Aereby 2015; Trevizaret al, 2016).
the reduction in plant height, which was more intense in The high leaf dry mass production and large leaf area
the second cultivation cycle. of nasturtium were consistent with the growth rate, which
The photosynthetic raté\) during the second cycle was higher in the monocropping with chicken manure. The
of nasturtium was higher in the intercropping with chickemonocropping contributed to a better use of nutrients
manure because of the nutrient release to the soil, improvimgvided by the chicken manure. Similar results were found
chemical conditions and, consequertthe gas exchanges by Sangallet al.(2004), who observed fresh (52195.69 kg
that contribute to plant growth (Andraeieal, 2015; S&t ha?) and dry (6281.14 kg Habiomass increment of shoots
al., 2017). Oliveireet al (2018) reported similar results, of nasturtium with chicken manure. Morastsal. (2007)
with increase irA, E andWUEn plants ofLycopersicon found that the production of monocropped nasturtium was
lycopersicumvar. Cerasiforme cultivated with chicken greater in number (13,298,500), fresh mass (8.8 t&ad
manure. dry mass (0.70 t i than intercropped with cabbage cv
Production of leaves in monocropped vacum wa&hato de quintal”, indicating a better adaptability in the
greater due to better adaptation and less competitioronocropping.
between plants for watewutrients, light, and CQtogether The production of nasturtium flowers, overall, can be
with the addition of chicken manure, contributing to aonsidered low compared with results of other studies
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