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Abstract: Mexico is one of the main guava producers at the world level with a cultivated area of 21,566 hectares and an annual fruit
production of 300 thousand tons. Traditional plantation system at the producing region of Calvillo-Cafiones” has been using 204 trees
hal (7 x 7 m). Nevertheless, it has been observed a tendency to increase plant densities, as a way to increase production per unit area.
However, high plant density systems could be affected by intraspecific competition (light, water, nutrients) and do not reflect a greater
productivity. The objective of this work was to study the effect of the intraspecific competition on the fruit yield of guava trees
established at high density. The study was conducted during three production cycles (2017-2019) at the Experimental Site “Los
Cafiones” which belongs to the INIFAP, located in Huanusco, Zacatecas. The following variables were registered each cycle: fruit
yield, fruit number and average fruit weight. The experimental plot had four lines with 10 guava trees each one, planted at a density of
2,500 trees ha! (2 x 2 m). Age of trees at the beginning of the study was nine years. All variables were analyzed using a randomized
complete block design, as well regression analysis. The results showed that guava trees were very sensible to competition, revealed by
a severe reduction on yield and fruit number up to 69%. This was attributed to the effect of the intraspecific competition among guava

trees established at high density. Although, fruit size did not show a clear tendency.
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1. Introduction

According to FAO (2020) [1], it was estimated that
the world production of guava in 2018 was 7.8 million
tons, of which, 5.1 were produced in Asia; 1.25 in
Africa and 0.86 in Latin America and the Caribbean. In
Asia, the main guava producing countries are India and
Pakistan with 4.1 and 0.49 million tons per year,
respectively. In Africa, Sudan stands out with 0.47 and
Egypt with 0.31 million tons, while in Latin America,
Brazil and Mexico are the main guava producers with
0.35 and 0.30 million tons per year, respectively [2].
The foregoing reveals the great importance of this fruit
tree around the world, as well in our country. Due to its
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cultivated area, guava crop is among the first 10 fruit
species cultivated in Mexico, with 21,566 hectares on
average during the period of 2015-2019 and the main
producing states are Michoacéan (10,931 hectares),
Aguascalientes (6,243 hectares) and Zacatecas (2,892
hectares), which together represent 93% of the total
area [3].

In the “Calvillo-Cafiones” producing region, which
includes the municipalities of Calvillo, Aguascalientes,
and Huanusco, Jalpa, Apozol and Juchipila mainly in
the state of Zacatecas, guava has a long history of
cultivation with more than 100 years, especially in
Calvillo, Aguascalientes, from where it extended to the
region of “Los Cafbnes”, in Zacatecas. The guava
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orchards were established, using between 204 and 234
trees hal, in real frame systems, respectively at a
distance of 7.0 x 7.0 m [4], which has prevailed until
the last 25 to 30 years. However, at international level,
a trend has emerged in the establishment of fruit trees,
both in temperate climates, as well as tropical and
subtropical climates, with higher tree densities ha?, as
a strategy to increase production per unit area.

Mitra et al. (1984) [5], pointed out that the increase
in fruit yield per unit area in guava is possible with high
planting densities. In Mexico, the new plantations in
the main producing areas have been established 666
trees ha?! [4]. In addition, other studies have been
reported in which the fruit yield of guava selections was
evaluated, where the density was 1,111 (3 x 3 m) and
5,000 (2 x 1 m) trees ha* [6, 7].

Singh etal. (2007) [8], reported a study in which they
evaluated four planting densities on the development,
yield and quality of fruit and the penetration of light in
the guava crop. The results showed that the height of
the plants was higher, but with a lower crown volume
in the density of 2,222 plants ha*. The fruit yield was
higher in the density of 3.0 x 6.0 m, compared to that
observed in the highest density. However, the
production per unit area was higher in the density of 1.5
x 3.0 m. In the lowest densities (6.0 x 6.0 m and 3.0 x
6.0 m), fruits of greater weight were obtained and with
a higher content of total soluble solids and vitamin C.
Finally, they point out that photosynthetically active
radiation (PAR) was lower in the trees at high density,
compared to those more widely spaced trees, and
conclude that light penetration was better at lower
densities. It is important to mention that in high density
systems, various aspects that can affect the production
and quality of the fruits must be considered, since there
is competition for resources such as: water, light and
nutrients. Thus, fruit yield of guava trees at high density
could not be reflected in higher productivity.

Therefore, the objective of this study was to evaluate
the effect of intraspecific competition on the fruit yield

and its components of guava trees established in high
density.

2. Materials and Methods

Location and characteristics of the study area:

The study was carried out at the Experimental Site
“Los Carfbnes” of the INIFAP, located in the
municipality of Huanuasco, Zacatecas (Latitude 21°
44.7' North; Longitude 102°58.0' West; Altitude 1,508
meters above sea level). The climate in the region is
semi-dry, semi-warm of the BS; hw (w) type, according
to the classification of Garc & (1981) [9]. The annual
average temperature is 20.4<C, the maximum annual
average is 31.1<C and the minimum is 9.8<C. Average
annual rainfall is from 550 to 650 mm, of which
approximately 80% occurs during summer (June to
September). Some of the  physicochemical
characteristics of the soil are: Loamy-clay texture;
apparent density of 1.0 g cm; alkaline pH of 8.5; low
electrical conductivity of 0.74 ds m* without problem of
salts and an average content of organic matter of 2.2%.

Annual crop management and recorded variables:

The irrigation application was carried out through a
micro-sprinkler irrigation system, with weekly
irrigations during approximately eight months of the
crop cycle (March to October). The annual crop cycle
is initiated with the tree pruning, which was carried out
in March of each year. Fertilization was provided
through the irrigation system, with an applied annual
dose of 90-90-90 for N-P,0s-K>0, respectively, mainly
covering the sprouting, flowering, fruit set and fruit
development stages. Manual weeding was carried out
to control weeds; the pests and diseases were controlled
according to the recommendations for the guava crop
in the Calvillo-Cafones region [10]. The traditional
management of the guava crop in the study region has
an annual production cycle which begins after a period
of “calmeo”. The calmeo is a common practice during
which the application of irrigation is suspended for
about 2 to 4 months, inducing the plant to a state of
quiescence due to the water stress imposed. The calmeo
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period was induced at the end of the harvest of the
previous cycle and it is used to schedule the harvest of
the new cycle, which is obtained between 7 to 8 months
after pruning and application of the first irrigation.
Another reason to subject the guava trees to a water
stress period (calmeo) is to avoid damage to the trees
due to low temperatures mainly during the months of
January to February, since frozen temperatures during
winter months are not uncommon to occur in the region
[11].

The experimental area included four lines with 10
guava trees each, established in a high density system
with 2.0 m of separation between lines and 2.0 m
between plants (2,500 plants hat). The age of the plants
at the beginning of the study was nine years. The plants
were obtained from material propagated by air layering
from the INIFAP guava germplasm bank. The variables
recorded in each one of the three production cycles
(2017 to 2019) were: fruit yield and number of fruits
per tree and the average weight per fruit. The harvest
was carried out every week during the months of
September to October, when the fruits had a green-
yellow or yellow external color that correspond to
stages 3-4 of maturation according to the scale for
guava proposed by Padilla et al. (2002) [12]. The
average variables recorded during the three years of the
study were analyzed using a randomized block design
with 10 replicates and the experimental unit consisted
of a tree. The data were analyzed with the statistical

package SAS version 8 [13] and also regression
analyzes were performed to estimate the productive
behavior due to intraspecific competition between trees.
Information on meteorological conditions (maximum
and minimum temperatures and precipitation) was also
registered in a daily basis from a near weather station
to the experimental site.

3. Results and Discussion

Meteorological conditions at the experimental site:

The average maximum temperature ranged from
27.0<C occurring during the months of December and
January, up to 37.0C in May, which is the hottest
month, prior the rainfall season starts. The lower
average minimum temperatures occurred in December
and January with values from 3.0 to 4.5<C, although
temperatures below 0<C can occur during some days in
those months. These chilly temperatures during the
winter months may decrease growth of guava trees or
even may cause damage to fruits or to trees, therefore
the “calmeo” practice contribute to reduce damages
[11]. Monthly average precipitation showed that the
dryer months were from January to May, as well as
from October to December with less than 40-50 mm per
month, indicated that irrigation is need to achieve the
water requirements of guava trees. In the other hand,
precipitation from June to September represented
almost 80% of the total annual rainfall (Table 1).

Table 1 Monthly average of Maximum and Minimum temperatures and accumulated precipitation at the Experimental Site
“Los Caiiones” of INIFAP at Huanusco, Zacatecas, Mexico, from 2017 to 2019.

-------- TMax. T -------- -=-=--=-TMin. C -------- --------Prec.mm --------
Month 2017 2018 2019 2017 2018 2019 2017 2018 2019
J 30.1 27.5 27.7 3.1 3.3 35 0.0 36.0 9.0
F 29.3 28.8 30.3 4.1 7.7 5.9 4.0 25.0 0.0
M 32.2 32.8 33.3 7.9 6.8 8.7 3.0 0.0 0.0
A 34.0 33.6 33.3 9.5 9.6 104 0.0 115 0.0
M 36.6 35.0 35.6 12.7 12.7 105 0.0 26.1 0.0
J 36.1 324 34.9 15.9 14.6 15.6 14.0 166.0 59.0
J 30.3 31.1 32.3 14.0 12.6 14.2 287.9 94.0 206.0
A 30.5 30.0 30.7 15.3 134 14.0 145.5 124.0 89.0
S 29.9 295 31.1 13.8 14.3 13.2 118.0 128.5 92.0
o 29.6 29.1 30.1 10.7 10.0 125 29.0 63.5 55.0
N 32,0 27.7 28.8 4.7 5.6 10.2 0.0 345 44.4
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The ANVA of the fruit yield and fruit number
showed significant differences (p < 0.01) between lines
and between trees within each line, while in the average
fruit weight, no statistical significance was observed at
any of the variation factors. Results for each variable is
discussed at the following paragraphs.

Fruit yield:

The average fruit yield was higher in the trees of line
1, compared to the rest of the trees on lines towards the
interior of the experimental plot, which showed an
average reduction of 69%. Fruit yield was from 9.9 kg
tree? in the first line to only an average of 3.0 kg tree!
in the rest of the lines (Fig. 1, left). This response is
attributed to the fact that line 1 did not have complete
competition, while the other three lines were subjected
to intraspecific competition on both sides. Regarding
the average yield of fruit per tree, a reduction was also
observed in the trees in the center of the lines due to
competition, with a very marked reduction in the third
and fourth trees, without showing recovery at the end
of the line. The regression analysis was performed
using a second degree polynomial equation, which
showed an R? of 0.54 (Fig. 1, right). The percentage of
reduction estimated with respect to tree 1, varied from
22 t0 68% due to the effect of intraspecific competition,
depending on the position of the tree within the line.
These results agree with those reported by Brar et al.
(2009) [14], where they evaluated the distribution of
10.0

9.0 A
8.0 1
7.0 |
6.0 |

5.0
4.0 4

3.0
2.0 1
1.0 I
0.0
1 L-2 L-3 L-4

L-

Fruit yield (kg treee ")

Lines

solar radiation in guava plants established at different
densities, indicating that a lower density of 420 trees
ha' (6 x 4 m) it was the best with respect to radiation
interception and that higher densities decreased yield
and fruit quality.

Fruits per tree:

The average number of fruits tree?, followed a
similar trend to that of fruit yield. The average number
of fruits in the trees of line 1 was 174 fruits tree?,
compared to an average of only 53 fruits tree in lines
2 to 4 (Fig. 2, right). This meant a reduction of more
than 65% in the production of fruits tree! due to
intraspecific competition, since, as indicated above,
line 1 did not have full competition, while the rest of
the lines did. The average number of fruits tree?
showed a pattern similar to that of the fruit yield, with
a greater average number of fruits in tree’* (204 fruits
tree!) and a marked reduction in the following trees
towards the interior of the line, mainly starting from the
third and fourth tree. Pal and Lal (2015) [15], reported
similar results, where high-density guava plants had
lower fruit set and fruit retention, mainly attributed to
competition for light, due to the overlapping of
branches, which can reduce the photosynthetic activity
of the plants. The polynomial regression equation had
an R? of 0.55, and estimates the greatest reduction in
the number of fruits in the middle trees of up to 70%
compared to tree 1 (Fig. 2, left).
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Fig. 1 Fruit yield average per line (left) and per tree (right) of guava trees established in a high density system (2 x 2 m),
during three production cycles (2017-2019). Experimental Site “Los Cafiones”. INIFAP. Huanusco, Zacacatecas, Mexico.
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Average number of fruits tree per line (left) and per tree (right) of guava trees established in a high density system (2
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Fig. 3 Average fruit weight per line (left) and per tree (right) of guava trees established in a high density system (2 x 2 m),
during three production cycles (2017-2019). Experimental Site **Los Cafbnes'. INIFAP. Huanusco, Zacacatecas, Mexico.

Fruit weight average:

Regarding the average fruit weight, no significant
effects were observed due to intraspecific competition
among guava trees. The average fruit weight in the four
lines varied from 50 to 60 g fruit? (Fig. 3, left), being
even slightly higher in line 4, which is attributed to the
fact that this line showed the lowest number of fruits,
which may had compensated fruit growth, thus fruits
achieved a slightly larger size, despite the competition.
In contrast, Singh et al. (2007) [8] reported smaller
fruits in guava trees at high densities, where the
penetration of solar radiation was lower. The average
weight of the fruits per tree did not reveal a clear trend
of the effect of competition between trees, which was

manifested in the low value obtained from the R? (0.19)
of the polynomial equation (Fig. 3, right). The trees
with the lowest values of fruit weight were: A-5, A-6,
A-8 and A-9 with an average of 46.3 g fruit™, while the
trees that had the largest fruits were: A-1, A-3, A-4 and
A-7 with an average of 65.0 g fruit.

4. Conclusions

Guava trees showed high sensitivity to competition.
The intraspecific competition generated among guava
trees established in high density (2,500 trees ha),
considerably affected the fruit yield and fruit number,
up to 70%, with respect to the trees subjected to less
competition. The average weight of the fruit did not
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show a clear trend of the effect of competition. It is
suggested that in order to establish a high-density
system in guava, specific agronomic management
practices must be integrated (nutrition, pruning,
irrigation), as well as the use of genotypes with a more
compact development, in order to obtain higher
productivity.
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