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ABSTRACT

Objective: To evaluate the influence of living and dead covers on the yield and quality of rambutan fruits
(Nephelium lappaceum L.) in Soconusco, Chiapas, Mexico.

Design/methodology/approach: Five treatments were evaluated, two live covers, two dead covers and an
always clean control without covers. The following were evaluated: plant height, crown volume, fruit quality,
fruit yield (t ha™ 1). The data were analyzed under a randomized block experimental design.

Results: All the agroecological modalities of hedging evaluated produced fruits with the quality required for
national and international commercialization.

Study limitations/implications: The morphological and physiological response of the crop can change with
the age of the tree.

Findings/conclusions: An agroecological management strategy is presented to develop rambutan cultivation
in Soconusco region.

Keywords: Covers, Rambutan, Agroecology, quality of fruits.

INTRODUCTION

Rambutan (Nephelium lappaceum L.) is a tropical fruit native to the Malay Archipelago
that belongs to the Sapindaceae family (Tindall, 1994).
into Soconusco, Ghiapas, Mexico, where it adapted to the warm-humid environment, a

It was introduced around 1960

condition which has favored its expansion in the last years. The fruit is consumed fresh
due to its sweet flavor, juicy pulp, vitamin C and riboflavin content (Pérez & Jirgen,
2004). Additionally, it has been found that it contains polyphenolic compound bioactives
(Herndndez et al., 2017; Ling et al., 2010; Thitilertdecha et al., 2010), antimicrobial activity
(Mohamed ¢t al., 1994; Solanki, 2010), and antihyperglycemic activity (Palanisamy ez al.,

Image by Engin Akyurt ait\Pl))?abay

|

N



Agro productividad 2021. https://doi.org/10.32854/agrop.v14i9.2143

2011; Manaharan et al., 2012), which are considered natural compounds with both high
added value and high antioxidant activity.

At present, there are more than 2000 ha of rambutan crops in Chiapas, ranging
from 100 to 700 m of altitude, which have allowed the region to diversify with regards to
production and economy (Caballero et al., 2011). This crop has also been established in
other regions of Mexico, like Veracruz, Tabasco, and Nayarit (Garcia-Gurria et al., 2013).
The production of rambutan as a traditional monoculture produces an average yield of
10 t ha™! year (SIAP, 2020) with the use of high amounts of agrochemicals (SAGARPA,
2015). Moreover, these technologies include non-quantified energy expenditure, which
diminishes crop profitability while it leads to phreatic surface contamination with collateral
damage to wild flora, whose function is to maintain ecological balance of agroecosystems
(Ruiz et al., 2013). In view of this situation, some agroecological practices, such as the
use of live and dead covers, have proven their efficiency in crop management and weed
management (Cairo et al., 2017). These practices allow the conservation of soil moisture
(Leyva, 2002; Vanderlinden ez al., 2004; Gémez et al., 2017), and boost the number and
diversity of macro-organisms (Toledo, 2008). As for rambutan, there is no research done
with such purposes. Therefore, the objective of the research hereby presented was to

evaluate the influence of live and dead covers on the yield and quality of rambutan fruits.

METHODS AND MATERIALS

Theresearch was carried outin the Cantén Barrio Nuevo, Villa Comaltitlan municipality
(15° 08 7,14” N and 92° 37 32,117 O) at 23 m of altitude. The climate corresponds to
type Aw (w”) IG, with 2500 mm of annual rainfall, distributed between June to November,
and an annual average temperature of 23 °C (Garcia, 1973). The experimental area is
characterized by having moderately fertile soil and classified as a cambic, deep Feozem,
with a sandy crumb texture, granular structure, slightly acidic pH (6.0), low organic matter
content (2.6%), 0.07% N, 26.6 mg kg~ ' P, 230.0 mg kg~ ' K, 804 mg kg™ ! Ca, 457.5 mg
kg_1 Mg, and 168.0 mg kg_1 Na (USS, Working Group WRB, 2015).

Uniformly growing 18-month-old rambutan plants of the Adelita variety were acquired.
The cultivation was done on November 8, 2009, through a 7X7 m spatial arrangement
(Fraire, 2001).

We set live and dead covers and a core with no cover 15 days after the cultivation, under
an experimental design of random blocks with 5 treatments and four replications. The
covers were established from the base of the rambutan plant and over the soil surface up to
2 m away at the cardinal points. A total of 16 m? were covered.

The treatments were as follows:

1. Arachis pintoi Krapov. & W. C. Greg cover (ApC). A. pintoi stolons were set at a rate of
12 stolons 15-20 cm long and with 5 to 6 knots per m?. After sowing, the cultivated
area was Irrigated with 32 liters of water, in two applications with 30-minute
intervals.

2. Weeds cover (WeC). The population of weeds was kept and was pruned with a
machete and by hand to 0,20 m high.
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3. Rambutan crop residues cover (RCR). The rambutan pruning residues were cut and
spread in 0,10 m pieces over the soil surface at an average height of 0,20 m.

4. Cover including short-cycle crop residues (corn straws, beans, and sesame) and weeds
(CRW). The area was covered with the crop residues and the rest was maintained
with weeds at 0,20 m high.

5. Uncovered core with herbicides (UCC). Herbicide paraquat was used, six times
a year, four during rainy period and two during dry period, at the rate of 2.0 LL
ha~'. When the effect of paraquat concluded, the same dose of glyphosate was used
covering 16 m? from the base of the rambutan plant. The surviving species were

extracted manually.

All five treatments were set in an experimental design of randomized blocks with four
replications. A tree was considered as one experimental unit.

Plant Height variables were recorded bimonthly from 2009. They were obtained using
a graduated ruler 4 m long (Error 0,01 m). The crown volume was measured bimonthly
from 2011 to 2014. Crown volume was estimated from the equatorial diameter, using a
measuring tape (Error 0,01 m) at a medium height of the crown in two directions (N-S and
E-W), and crown height was measured with a graduated ruler 4 m long (Error 0,01 m).
The total number of fruits was counted per treatment and replication. The Weight of the
fruits (g) was achieved by weighing them individually on a digital scale (Ohaus® USA)
with a sensitivity of 0.01 g. Degrees Brix (°Brix) were obtained in 30 fruits per plant and
taken at the four cardinal points at two different heights of the plant with a refractometer
(ATAGO Model Pallete PR-32 USA: 0-32%) following the AOAC methodology (1990).
pH was obtained with a potentiometer (Thermo Orion, Modelo 230A USA). Titratable
acidity quantification (expressed as % citric acid) was measured by means of the volumetric

method of AOAC (2000).

Statistical analysis
The data obtained were processed with the help of Statgraphics Centurion XVI.I
software. A variance analysis (ANOVA) was conducted to establish the statistical difference.

When differences were found, the comparison of Duncan’s means was carried out (P<0,05).

Economic Analysis

The economic evaluation was calculated considering the SAGARPA proposal (2014),
which contemplates: (i) the direct costs of the work and inputs used for treatments, (ii) the
indirect costs during the experimental phase, and (iii) the economic results of the three
rambutan harvests. To determine the total benefits per treatment (in Mexican pesos), the

total investment (benefit-cost-ratio) was subtracted from the gross income.

RESULTS AND DISCUSSION
Plant height and Crown volume

The results obtained show that the covers did not influence both variables. There were
no significant differences between the treatments during the experimental period (Table 1).
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Table 1. Height and crown volume in Nephelium lappaceum L., with different coverage treatments in Soconusco, Chiapas, Mexico, area for five
years. The values are averages of four repetitions and without statistical difference (P<0.05).

Plant height (m) Crown volume (m®)
Year Date
ApC WeC RCR CRW ucc ApC WeC RCR CRW ucc
2009 Nov 1.11 1.11 1.11 1.11 1.11
Jan 1.16 1.13 1.13 1.13 1.13
Mar 1.22 1.21 1.21 1.22 1.22
9010 May 1.29 1.28 1.29 1.30 1.31
Jul 1.40 1.38 1.36 1.41 1.42
Sep 1.52 1.51 1.44 1.51 1.51
Nov 1.64 1.60 1.54 1.64 1.65
Jan 1.76 1.72 1.62 1.71 1.75 3.03 2.41 1.77 2.68 3.12
Mar 1.88 1.77 1.70 1.76 1.82 4.11 2.93 2.24 3.05 3.70
May 1.94 1.82 1.75 1.81 1.87 4.70 3.29 2.59 3.46 4.16
2o Jul 2.13 2.11 1.87 1.90 1.95 6.86 5.96 3.52 4.33 5.03
Sep 2.25 2.29 2.03 2.02 2.14 8.56 8.04 5.07 5.66 7.31
Nov 2.37 2.41 2.21 2.17 2.27 11.04 10.39 7.55 7.87 9.20
Jan 2.43 2.49 2.28 2.27 2.35 12.29 11.68 8.63 9.44 10.58
Mar 2.56 2.54 2.38 2.34 2.42 14.76 13.13 10.08 10.48 11.81
9019 May 2.64 2.59 2.44 2.36 2.45 15.00 13.33 11.14 11.88 11.84
Jul 2.72 2.64 2.49 2.46 2.51 16.32 14.38 12.33 12.53 12.41
Sep 2.75 2.67 2.52 2.51 2.54 17.70 15.26 13.00 13.14 13.27
Nov 2.79 2.69 2.55 2.56 2.57 18.53 16.82 14.38 14.68 14.70
Jan 2.82 2.75 2.67 2.71 2.69 19.37 17.99 15.74 18.24 16.06
Mar 2.84 2.81 2.75 2.82 2.76 20.33 19.13 17.63 18.72 17.41
9013 May 2.87 2.83 2.79 2.89 2.80 21.12 19.80 17.79 18.87 18.02
Jul 3.00 2.88 2.78 2.95 2.83 21.46 19.97 18.89 20.76 19.23
Sep 3.06 2.91 2.77 2.99 2.85 24.91 23.97 22.52 23.66 22.18
Nov 3.13 2.94 2.77 3.02 2.87 27.60 25.98 25.05 26.38 25.01
Jan 3.26 3.13 2.96 3.23 3.03 30.46 28.21 27.15 29.54 27.13
Mar 3.32 3.29 3.18 3.29 3.17 35.05 30.08 30.16 34.06 30.38
9014 May 3.37 3.32 3.25 3.30 3.18 35.20 30.17 30.29 34.19 30.55
Jul 3.41 3.34 3.30 3.37 3.20 35.29 30.25 30.43 34.60 30.64
Sep 3.42 3.35 3.32 3.40 3.22 37.91 33.59 33.36 37.07 32.24
Nov 3.64 3.56 3.55 3.64 3.43 39.79 37.09 36.29 39.25 36.00

ApC (Arachis pintoi Krapov. & W. C. Greg cover), WeC (Weeds cover), RCR (Rambutan crop residues cover), RCR (Rambutan crop residues

cover), UCC (Uncovered core with herbicides).

The plants reached an average height of 3,3 m by the end of 2014. Plant height of fruit
trees is a growth variable closely linked to crop yield, and, from the practical point of view,
it is of great importance as harvesting fruits more easily or vice versa depends on that. The
architecture of the rambutan plant shows that the side branches define productivity.
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The initial growth of the crown volume in the ApC treatment increased from the second
year, a trend maintained until the last sampling. In contrast, the CRW treatment produced
the smallest crown size during evaluation.

At the end of the third harvest, the core, WeC and RCR had the smallest crown size
while ApC and CRW reached a significantly higher development. In this regard, Barreto
et al. (2015) explain that plants produced by grafting the same variety grow in a similar
way if set in similar edaphoclimatic conditions. This suggests covers contribute to it, mainly
with Arachis pintoi (ApC) by improving soil fertility through the activity of nitrogen-fixing
bacteria and moisture conservation with CRW.

In general, throughout the March-July period there is a greater increase in the plant
growth, which coincides with the induction of the flowering-fruiting stage. This effect in
the region was pointed out by Fraire (2001). The treatments with the greatest increase in
crown volumes (ApC and CRW), close to 40 m?® and compared to the rest of the treatments,
show a difference of about 4 m®. The increase in crown volume may be related to fruit
production and the volume of branches that must be pruned on each tree, after harvests.

This morphological expression may influence the results of subsequent harvests (Doruska
and Burkhart, 1994 and Brunner, 1998).

Influence of the covers on the quality of the fruits

The results show significant statistical differences (p=0.05) in the weight of the fruit
and the °Brix. In the case of fruit acidity and pH, there are no significant differences
over the years (Table 2). However, the quality of rambutan fruits for export is considered
optimal when they reach a weight greater than 30 g and a total soluble solids content of
16 to 18% (Codex Alimentarius, 2008), in addition to presenting a uniform red color,
free of lesions and pest damage. In our case, fruit mass was greater than 30 g, including
the core.

A less efficient result was expected with the WeC treatment, that is, smaller fruits, when
considering the weeds competition for nutrients and water with rambutan; however, up to
now, only in the second year of harvest, lower weight was obtained in comparison with the
other treatments. On the other hand, the treatment without weeds (UCCQ), produced fruits
of greater size in the years 2013 and 2014 which was statistically superior to the rest of the
treatments (p=<0.05).

In general, ApC treatment was considered to produce better results. This was partially
because it was easier to set Arachis pintoi under the shade of the rambutan and because of
its promiscuous condition of association with rhizobia, which is capable of fixing nitrogen
and improving the nitrogen supply to the plant.

Rambutan residues covers (RCR) and annual crop residues (CRW) had intermediate
values during the three years of production. In 2013 all treatments decreased their fruit
weight, which increased in the following year. This could have been due to environmental
conditions. °Brix content in the fruits differed between years and treatments, with no
apparent relationship. They increased with WeC and RCR in the first year, and only RCR
was again statistically different from other treatments in 2014. WeC was inserted into

the first statistical group only the first year and ApC in the last. Rambutan is a crop that
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can reach productions that fluctuate between 12 and 16 t ha~'in Chiapas (Fraire, 2001).

These productions can be achieved after crop yield stabilization, which occurs after the
sixth harvest (Arias and Calvo, 2014).

Table 2. Fruit weight Evaluation of the quality of Nephelium lappaceum L., fruits
three years after being set with different covers in Soconusco, Chiapas, Mexico.

Fruit weight (g)
Treatments
2012 2013 2014
ApC 35,0b 33,4b 32,3 be
WeC 31,8d 27,3d 32,9 be
RCR 374 a 319¢ 31,1c¢
CRW 332¢ 30,8 b 33,2b
UucC 31,9d 37,2 a 34,0 a
CV % 6,51 10,60 4,93
SE 0,281 0,494 0,438
Acidity
ApC 1,67 1,64 1,69
WeC 1,55 1,59 1,44
RCR 1,54 1,56 1,52
CRW 1,66 1,64 1,69
ucc 1,64 1,62 1,64
CV % 7,43 3,79 14,36
SE 0,047 0,021 0,09
pH
ApC 4,66 4,68 4,65
WeC 4,67 4,59 4,74
RCR 4,68 4,63 4,68
CRW 4,68 4,68 4,68
ucc 4,62 4,66 4,60
CV % 1,54 1,16 4,22
SE 0,023 0,019 0,063
“Brix
ApC 19,0 ab 20,1 b 20,6 a
WeC 20,1 a 18,9 ¢ 19,0 be
RCR 19,0 a 20,2 b 20,7 a
CRW 179b 214 a 19,9 ba
UucC 19,0 ab 20,9 ab 19,2 cb
CV % 7,22 5,87 6,85
SE 0,509 0,318 0,467

ApC (Arachis pintoi Krapov. & W. C. Greg cover), WeC (Weeds cover), RCR
(Rambutan crop residues cover), RCR (Rambutan crop residues cover), UCC
(Uncovered core with herbicides). Means with different letters in each column,
indicate significant statistical differences according to Duncan (P<0.05).

CV: Coefficient of Variation. SE: Estandard Error.
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Influence of covers on rambutan crop yield

The analysis of the first three harvests (Table 3) showed that for the first two harvests
the influence of covers was extremely low and highly variable between treatments, which
usually occurs with all perennial fruit trees.

The highest fruit yield was achieved with the treatment where protection with
CRW was used and was statistically different in the three harvest years compared to
the rest of the treatments. ApG also achieved the highest fruit production during 2014
and is positioned as the second-best option in yield. In this case, it is considered as an
alternative of great validity as it favors the presence of beneficial entomofauna for the
pollination of the crop flowers, and, therefore, for greater fruit production (Marroquin
etal., 2015).

WeC treatment produced the lowest yields of all the treatments in the three harvests.
This suggests interspecific competition crop-weeds for light, water, and nutrients, during
the growth and development of crops under adequate spatial arrangements (Franke, 1995).

However, the results obtained confirm the benefits of covers and the disadvantages of
keeping the soil uncovered, corroborating what Febles et al. (2010) proposed regarding the
effectiveness of the cover to protect the soil against erosion, solar radiation, rains, winds,
weed and extreme temperatures.

The results obtained shed light on the importance of the agroecological view of
considering any living or dead cover for the benefit of the crop compared to bare soil.

Economic evaluation of rambutan cultivation with a cover

The profitability of the two best treatments (CRW and ApC) amounted to 163 000
Mexican pesos. Harvest with ApC contributed the most with more than 80% of the profits
(Table 4).

Table 3. Rambutan crop (Nephelium lappaceum L.) yield with different cover
treatments in the first years of harvest in Soconusco, Chiapas, Mexico.

Treatments Performance (t ha™!)
2012 2013 2014
ApC 0,604 b 3,055 b 11,694 a
WeC 0,459 cd 2,383 ¢ 8,640 ¢
RCR 0,497 ¢ 2,811 ¢ 10,133 b
CRW 0,716 a 3,269 a 11,555 a
ucc 0,417 d 2,516d 10,409 b
CV % 23,95 13,02 13,33
SE 0,023 0,044 0,336

ApC (Arachis pintoi Krapov. & W. C. Greg cover), WeC (Weeds cover), RCR
(Rambutan crop residues cover), RCR (Rambutan crop residues cover),
UCC (Uncovered core with herbicides). Means with different letters in each
column, indicate significant statistical differences according to Duncan
(P%0,05).

CV: Coefficient of Variation. SE: Estandard Error.
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Table 4. Economic evaluation of Nephelium lappaceum L. fruit production with different covers in the Soconusco, Chiapas,

Mexico.

ApC WeC RCR CRW uccC
Establishment Costs ($/ha_1) 50 337,00 50 237,00 50 137,00 50 137,00 76 037,00
Maintenance costs ($/ha_1) 14 650,00 15 470,00 15 670,00 15 470,00 18 730,00
Income 227 595,00 173 085,00 204 105,00 229 485,00 200 055,00
Net Profit ($/ha_1) 162 068,00 107 378,00 138 298,00 163 878,00 105 288,00

ApC (Arachis pintoi Krapov. & W. C. Greg cover), WeC (Weeds cover), RCR (Rambutan crop residues cover), RCR
(Rambutan crop residues cover), UCC (Uncovered core with herbicides).

Both treatments can be successful from an agroecological point of view. While dead
covers with crop residues offer protection from the moment they are applied, live covers
take time to offer such protection. One advantage of the latter is that they can attract
beneficial insects, although they retain less moisture compared to dead covers. Therefore,
each alternative must be adjusted to the main interest of farmers, considering that both are
as efficient economically speaking.

The least successful treatment was UCC with a utility similar to the conservation of
regulated natural vegetation (WeC). Both treatments were surpassed by GCRW with a
difference that fluctuated between $56,000 and $58,000 Mexican pesos (US$ 2,800-2,900).
The treatment with the use of herbicides (UCC) was less efficient in terms of profitability,
as it increases the main crop production costs, facilitates erosion and loss of soil moisture,
apart from reducing biodiversity within the agroecosystem, which is counterproductive for

the conservation of agroecosystems considering the problems caused by climate change.

CONCLUSIONS

A. pintoi live covers and crop residues covers used in rambutan harvesting do not limit
the growth, yield, and quality of rambutan crop fruits regarding national and international
commerce. This research project generated a strategic proposal aimed at enhancing
sustainable rambutan harvesting for all producers with increased opportunities for national

and international trade.
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