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ABSTRACT

Intercropping is a method of growing plants that assists in rational use of natural resources. Based on this concept,
the aim of this study was to evaluate the response of collard green and radish ‘Cometo’ crops in monoculture and in
intercropping under different spatial arrangements through physical production indicators (technical coefficients). The
study was conducted in plant beds in a randomized block design (RBD) with 5 treatments and 4 replications. The
treatments involved growing the two crops separately and intercropped under different spatial arrangements: (1:2) one
row of radish ‘Cometo’ between two rows of collard green; (2:2) two rows of radish ‘Cometo’ between two rows of collard
green; and (3:2) three rows of radish ‘Cometo’ between two rows of collard green. The spatial arrangements adopted did
not affect the growth and development of radish ‘Cometo’ and of collard green, and all the arrangements used exhibited
high land use étiency, especially the 3:2 arrangement, which provided the greatest landicise&y, at 1.69.

Keywords: Raphanus sativy8rassica oleraced. var. acephala photosynthetic rate; land equivalent ratio.

INTRODUCTION Intercropping is a method that can assist in rational
c . " dopted in traditional cult use of natural resources for food production, with less
ropping practices adopted In traditional agricuiturg ., ;o mental impact and greater profitability (Rezende,

have cgused cqnsiderable damallge to SO_”' the ?nVironm%S).When performed correctlig can promote an increase
and soil organisms when carried out in an inadequafeyie|q. and may also limit pests and diseases(ll,
manney especially when there is combined action fror’ioog).According to Linet al. (2014), intercropping has
various causes, which accelerates the process of eCOSYSIR heen shown to be an effective remedial measure for
degradation (Oliveirat al, 2010). contamination of agricultural land by heavy metals, such
However there are age-old cropping practices that havgs cadmium.
allowed development of agriculture that is more sustainable The efficiency of intercropping directly depends on
and less aggressive to the environment. Cultivation gfe growing system and on the crops involved, and there
multiple crops simultaneously in the same area, known gsthe need for complementarity between them (Resende &
intercropping, is noteworthy in this respefetcording to  Vidal, 2008). Rezendat al (2006) furthermore add that this
Lithourgidiset al.(2011), intercropping has been practiceghractice can provide greater gain in production to
for centuries, especially in tropical regions in small plotproducers through the synergistic or compensatory effect
under subsistence agriculture. of onecrop on anotherThey see it as an accessible
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technology that is easily applied and that has come to The following spacings were used for each treatment:
constitute an alternative cropping system. T1-0.50 m between plants and 0.80 m between crop rows;
Nevertheless, for intercropping to be efficient and offef 2 — 0.20 m between plants and 0.20 m between crop rows;
good dividends to the producer and to the environmerft3, T4, and T5 — the collard green plants remained at a
the composition of species and spatial arrangements us@@cing of 0.50 x 0.80 m, but the radish ‘Cometo’ plants
for the crops must be studied in advance. Such factors #¢ere placed between the collard green. The following
important for management and can be employed with tii@atments were used in intercropping: T3 — consisted of
aim of improving use of resources and the efficiency ¢.25 m between the radish ‘Cometo’ crop row and the collard
intercropping in vegetable crops (Favacho, 20158reen crop rows, and 0.20 m between radish ‘Cometo’ plants
According to Camiliet al (2013), the aim is to seek for in the crop row; T4 —0.16 m between the radish ‘Cometo’
species that allow good interspecific combining ability and;rop rows and the collard green crop rows and 0.20 m
consequentlygreater production and agroeconomidetween radish ‘Cometo’ plants in the crop row; T5-0.12
efficiency in intercropping systems. m between the radish ‘Cometo’ crop rows and the collard
Although intercropping of different species providegreen crop rows and 0.20 m between radish ‘Cometo’ plants
various benefits and various species have been associat@éhe crop row
studies are lacking on the viability of associating collard The experiment was carried out in plant beds with
green Brassica oleracesar. acephald..) and radish ‘Co- dimensions of 1.0 m width and 10.0 m lengitestablish
meto’ (Raphanus sativuk.). Both belong to the same the crops, the area was cleared to eliminate weeds, and
family (Brassicaceae), but their different size, crop cyclel)e soil was turned over to a depth of 0.20 m. The plant
and nutrient demands can favor optimization of the spaBgds received nutrient supplementation through addition
dedicated to them, which can generate increases in produ@eprganic compost plus application of goat manure and
income. chicken litter in the proportion of 3:1. The fertility of the soil
On this basis, the aim of this study was to evaluate tkg€d for the crops exhibited the following chemical
response of collard green and radish ‘Cometo’ crops fitaracteristics: pH=6.6; 0.M.= 39.1 gkt = 2.38 g kg;
monoculture and in intercropping under different spatidl = 2-97 9 kg K=1.75 cmolc kg; Ca = 9 cmolc kg Mg

arrangements through physical production indicators 8-6 €molc kg; Na = 1.26 cmolc kg H+Al = 3.3 cmolc

(technical coefficients). kg™; andAl = 0.5 cmolc kg" _ _
The collard green seedlings were grown in 162-cell

MATERIAL AND METHODS polypropylene_trfa\ys. The .tray cells were filled with a
substrate consisting of a mixture of earthworm humus and

The study was developed in the didactic vegetablgrmiculite in the proportion of 9:1. The seedlings were
garden belonging to the Plant Science Department of thept in a screened environment (30% shade rate) for thirty
Universidade Federal do Ceara (UFC), Pici campus, in tigys and then transplanted to the plant beds. radish ‘Co-
municipality of Fortaleza, CE, Brazil, at 3°3'37°48W.  meto’ was sown directly in the plant beds on the same date
Altitude is approximately 19.5 m above sea level. Thgs transplanting of the collard green seedlifiggrevent
predominant climate in the region according to the Koppesdbmpetition of weeds with the crops, weeds were manually
classification i\w’, rainy tropical. removed from the plant beds each week.

A randomized block experimental design (RBD) was Harvest of collard green began at 70 days after
used with 5 treatments and 4 replications. The treatmemtansplanting the seedlings (100 days after sowing - DAS)
consisted of separate cultivation of collard green (T1) afey removing the leaves that had reached the point of
radish ‘Cometo’ (T2) crops, as well as intercropping therarvest, i.e., those with a leaf blade of at least 30 cm. Radish
under different spatial arrangements: (1:2) one row of radi€bometo’ was harvested at 30 DAS.

‘Cometo’ between two rows of collard green (T3); (2:2) The following factors were evaluated for radish ‘Co-
two rows of radish ‘Cometo’ between two rows of collardneto’: 1) plant height (PH), measured from the soil to the
green (T4); and (3:2) three rows of radish ‘Cometo’ betweeip of the highest leaf; 2) shoot dry matter (SDM, kg); 3)
two rows of collard green (T5). The spatial arrangemenghoot fresh matter (SFM, g); 4) root fresh matter (RFM,
were performed in such a way as to distribute thleg); 5) root dry matter (RDM, g); 6) number of leaves (NL);
intercropped plants within the same area that would B root diameter (D, mm), measured with a digital caliper; 8)
occupied by monoculture of collard green; only th@hotosynthesis (PHS, mmol ¢éns'), measured in a
planting density and arrangement of radish ‘Cometo’ wgshotosynthesis analyzemodel LCi — SD, from
changed. radish ‘Cometo’ was considered the second@joScientific; and 9) “a” and “b” chlorophyll content (Chl
crop in the intercropping. a; Chl b), determined by a chlorophyll metaodel CFL
1030, from Falker
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The following variables were evaluated for collardo soil water content variations, this can provide different
green: 1) number of leaves (NL) suitable for harvesgffects, according to Silvet al (2017), variations in soil
beginning with weekly observation of leaves that reachedoisture and temperature may hinder the development of
a determined standarg 80 cm length of the leaf blade); 2) this vegetable, consequently reflecting higher coefficients
leaf width (W m); 3) leaf length (LEN@GM); 4) leaf fresh of variation.
matter (LFM, kg); 5) leaf dry matter (LDM, g); and 6)  For the collard green crop, there was no interaction
photosynthesis (PHS, mmol évs?!), measured in a among the factors NL, LFM, LDM, and photosynthesis.
photosynthesis analyzemodel LCi — SD, from Thus, the different arrangements adopted in intercropping
BioScientific. did not have an effect on development of the collard green

To evaluate the &€iency of intercropping compared crop (Table 2). In relation to leaf length and width, the
to monoculture, the land equivalent ratio (LER) was useghean values were similaithough these values showed a
which is the ratio between the area cultivated iglight tendency of increase compared to collard green
intercropping and that cultivated in monoculturegrown separately and to the intercropping treatments with
Intercropping is considered advantageous in relation the 2:2 and 3:2 arrangementalfle 2).
monoculture if the LER is greater than 1.0. The LER is For the leaf fresh matter trait, no difference was

given by the expression: observed among the treatments, and a mean yield of 0.84 t
Ki Ri ha! ha was observed from the four harvest times. No
LER=——+ B~ difference was observed among the treatments for leaf dry

matter either; the treatments had a mean value of 63.20 g
where Ki and Km represent the collard green yield iper plot (Rble 2).
intercropping and in monoculture, respectivelyd Ri and In regard to the land efficiency ratio (LER), adoption of
Rm represent radish ‘Cometo’ yield in intercropping and ithtercropping proved to be advantageous, since in all the
monoculture, respectively arrangements adopted, a positive ratio obsenaul¢B).
Analysis of variance (ANOK) was conducted on the This suggests that an area of monoculture 16%, 43%, and
data obtained, and the mean values were compared by #9€4 greater would be necessary to obtain the same yield

Tukey test at 5% probability using the statistical softwargf commercial product compared to the arrangements
GENES version 1990.2018.18 (Cruz, 2013). evaluated.

RESULTS DISCUSSION

The data on shoot dry matter (SDM), shoot fresh In general, increasing crop density increases the level
matter (SFM), root dry matter (RDM), root fresh matteof competition among plants and may have an impact on
(RFM), plant height (PH), and root diameter (D) ofyield. Howevey in some cases, this might not happen,
radish‘Cometo’ grown separately did not differ from theespecially in intercropping systems. This can be confirmed
data on the other treatmentsable 1). Howeverif we  upon observing results of studies performed in diverse
compare radish ‘Cometo’ grown separately with thécations. Grangeiret al (2008) evaluated radish ‘Come-
intercropping treatments, a slight tendency of increase’ yield intercropped with cilantra3oriandrum sativum
in SDM (10.7%) is observed, whereas RDM shows aln.) and did not observe a difference between monoculture
opposite response, with a reduction of 13.1%. For thend intercropping for the variables of fresh matter and dry
physiological variables — photosynthesis, chlorophytnatter of radish ‘Cometo’ root. Cecilio Filho & May (2002)
“a”, and chlorophyll “b” — significant changes amongobserved that radish ‘Cometo’ plants in monoculture had
the treatments were not observed, indicating that thes@ accumulation of shoot dry matter (SDM) 29.4% less
were no relevant changes in metabolism of the plantisan in intercropping with lettucé gctuca sativa..), as
when they were subjected to the conditions of theell as greater accumulation of root dry matter in
arrangements evaluatecadle 1). intercropping. Ferreira & Cecilio Filho (2001) worked with

Regarding radish ‘Cometmot diametemo diference radish ‘Cometo’ and carroD@ucus carotal.) and
was observed among the treatments evaluated, and in geserved that intercropping allowed greater accumulation
neral, all the arrangements studied were able to produsiedry matter and fresh matter of tuber roots of radish
roots in the same range for mean diameter (34 mm), simil@ometo’ in relation to monoculture. When radish ‘Come-
to the mean commercial standard, which is greater than {0 is intercropped with other crops, the two species can
mm (Leeet al, 1996). significantly improve nutrient uptake from the soil and

The high coefficient values of variation observed ifincrease crop yield, reflecting the superiority of
RFM, SFM and RDM can be attributed to high sensitivityntercropping (Dangt al, 2012).
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The benefit of intercropping may be related to Such a situation could be expected if, at some time in
improvement in local climate conditions promoted byhe crop cycle of the intercropped plants, the leaves of the
companion plants, which, through greater size, tend targer size crop were excessively shading the leaves of the
reduce direct sunlight on the radish ‘Cometo’ plants ismaller crop.Taiz & Zaiger (2017) cite that availability of
some periods of the dayp to a certain level, reduction in solar radiation is one of the factors that most limit plant
direct exposure of radish ‘Cometo’ plants to sun cagrowth and development because all energy necessary
maintain the photosynthetic rate of plants high, alsir photosynthesis to occur comes from solar radiation. In
helping to maintain stomatal opening, which, consequentlddition to competition for light, other factors affect the
contributes to continual assimilation of atmospheric.COgrowth and production of crops, such as nutrients, water
If plants remain continuously exposed to the sun, leahd other related factors (San&sl, 2010).
temperature may increase, resulting in higher transpiration Cecilio Filho & May (2002) also observed that radish
levels through the stomata, which would stimulate stomat&ometo’ plants intercropped with lettuce had shorter plant
closing to prevent excessive water loss. In an indirect wayeight compared to radish ‘Cometo’ plants grown
such a phenomenon hinders Cé@ssimilation and separatelyAccording to the authors, there was competition
photosynthesis. between the two crops, possibly for light, which probably

However it is noteworthy that although there wereresulted in lower growth of the radish ‘Cometo’ plants.
different planting densities for radish ‘Cometo’ evaluated It should be considered that the proximity of the crops
in this study harvest occurred at 40 days after plantingn intercropping disposes plants to interspecific
which was before the first harvest of collard greercompetition, most commonly for light, watand nutrients
contributing to greater effectiveness of the 3:2 treatme(®liveiraet al, 2010).

(radish ‘Cometo’: collard green intercropping). Though the In this studythe photosynthetic rate of the two crops
plants were intercropped, no negative effect was observedhs not affected by the intercropping and harvest times.
especially in relation to light, between the two crop3hus, there was no difference between the treatments for
analyzed. this variable. This information is important because it

Table 1: Shoot fresh matter - SFM, shoot dry matter — SDM, root fresh matter — RFM, root dry matter — RDM, number of leaves
— NL, plant height — PH, root diameter — D, photosynthesis — PHS, chlorophyll “a” — Chl a, and chlorophyll “b” — Chl b in radish
‘Cometo’(Raphanus sativintercropped with collard greeBr@ssica oleracesaar. acephalg under diferent spatial arrangements.
Fortaleza, CE, Brazil

SFM SDM RFM RDM PH D PHS
Treat. NL Chl a Chli b
(kg) ) (kg) @ (cm)  (mm)  (mmol cm?s?)
Single 0.0314a 1.30a 0.0265a 1.60a 6a 21.20a 36.09a 19.92a 27.65a 6.29a
(1:2) 0.0177a 1.25a 0.0327a 153a 7a 17.63a 34.49a 18.34a 28.74a 7.83a
(2:2) 0.0182a 1.32a 0.0308a 159a 6a 20.72a 33.6la 22.47a 27.18a 6.77a
(3:2) 0.0221a 1.44a 0.0524a 1.39a 7a 21.3la 33.25a 18.62a 27.84a 6.95a
CV (%) 36.53 29.24 73.72 30.45 14.39 11.63 12.57 15.07 461 15.13

Mean values followed by the same letter do notedifrom each other by th€ukey test at the level of 5% probability

Table 2: Leaf length (LENG), leaf width (W), number of leaves (NL), leaf fresh matter (LFM), leaf dry matter (LDM), and
photosynthesis (PHS) of collard gredrgssica oleraceaar. acephala)intercropped with radish ‘Comet(Raphanus sativiis
under different spatial arrangements. Fortaleza, CE, Brazil

LENG W LFM LDM PHS
Treat. NL

(cm) (cm) (kg) (9) (mmol cm? s?)
Single 21.747 a 18.710 a 7.18a 0.635a 56.417 a 24.779 a
(1:2) 21.242 a 18.082 a 8.37a 0.673 a 64.000 a 23.779 a
(2:2) 22.965 a 19.482 a 7.31a 0.757 a 74.038 a 23.796 a
(3:2) 23.869 a 19.092 a 7.12a 0.615a 58.328 a 25.320 a
CV (%) 11.06 8.02 9.60 26.65 20.01 9.32

Mean values followed by the same lowercase letter in the column for the spatial arrangements and uppercase letters in the column for
harvest times do not dér from each other by th€ukey test at the level of 5% probability
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Table 3:Yield and land equivalent ratio — LER in collard greé@raésica oleracesar. acephalajntercropped with radish ‘Cometo’
(Raphanus sativyisinder different spatial arrangements. Fortaleza, CE, Brazil

Treat. Collard green (t ha?) Radish ‘Cometo’ (t ha') LER
Single 25.40 20.67 -

(1:2) 26.92 2.12 1.16
(2:2) 30.28 4.92 1.43
(3:2) 24.60 14.93 1.69

shows that the planting density of the growing systenSONCLUSIONS

evaluated did not cause competition for light between . .
L The spatial arrangements adopted did not affect the
the two crops evaluated or within the crops grown

individual growth and development of the radish ‘Come-
separately

According to Strassburget al. (2010), the use of a .to and cqllard green p'athS' Th'e most recommend.ed

: . . . - intercropping arrangement is 3:2, i.e., three rows of radish

suitable planting density can provide greater efficiency || , . .
ometo’ between two rows of collard green, since it

use of incident solar radiation on the plant canopy and, . .
. Qorowdes better use of the area without loss to the crops
consequentlygreater production per area. Just as far

photosynthetic rate, the chlorophyll “a” and “b” conten{nVOIVed'
also did not difer _among the treatmentaccording to ACKNOWLEDGMENTS
Rego & Possamai (2006), the chlorophyll and carotenoid
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