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HE PRESENT investigation was carried out in the summer/

autumn season of 2010-2011/ 2011-2012 in citrus grove of the
Scholl Farm of Universidade Estadual de Londrina — Parana -Brasil.
Eighteen 15-year-old Montenegrina mandarin (Citrus reticulata) trees
grafted on Rangpur lime rootstock planted at 7 x 4m apart were
selected to study the impact of some cover crop species on various soil
and citrus trees properties. Six treatments; cultivating Stylosanthes
guianensis var. vulgaris, Clitoria ternatea, Crotalaria juncea,
Eleusine coracana, Mix of (Stylosanthes guianensis var. vulgaris,
Clitoria ternatea and Eleusine coracana) and the fallow as control.
Soil moisture and temperature; mandarin tree canopy and yield, cover
crop density, biomass and root system; weed identification and density
were measured. Both Clitoria ternatea and the Mix of (Stylosanthes
guianensis var. vulgaris, Clitoria ternatea, and Eleusine coracana)
gave the best results.
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In the last few decades, citrus fruit world production has experienced continuous
growth. The rise in citrus production is mainly due to the increase in cultivation
areas and the change in consumer preferences towards more health and
convenience food consumption and the rising incomes (UNCTAD according to
FAO data, 2004). It is an evidence that citrus is important from the socio-
economic and technical aspects allover the world.

Soil management practices in citrus orchards under the conditions of tropical
and subtropical climates are very important. The common citrus orchards ground
practice in Sao Paulo state, Brazil is the combination of mowing and tillage
during rainy and dry seasons, respectively (Negri, 1988). However, the intensive
use of disk tillage, creates compaction problems, reduction in the water
infiltration rate, increase erosion risks and damages to the trees root system
(Neves et al., 1998). Moreover, Traffic in the inter-row is other reason
contributing to the increase in soil density and thus cause reduction in root
growth, aeration, water potential, and penetration resistance. Citrus root systems
have shown great differences in shape, quantity, root depth and susceptibility to
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soil compaction (Neves et al., 2004 and Kemper, 1981). The root system is
restricted in compacted soils (Anghinoni and Meurer, 1999) which have a
negative impact on citrus trees performance.

According to the previous studies, some cover crops have a taproot that can
create channels into the subsoil. Others have a massive, fine root system that
intermeshes with soil particles, stabilizing aggregation and creating many small
channels. Deep-rooted cover crops may help alleviate effects of soil compaction
(Williams and Weil, 2004). On the other hand, there was no convincing evidence
that above-ground biomass of some cover crops contributed directly to the
reduction of machine-induced compaction effects (Ess et al., 1998).

The present investigation is aiming at evaluating the influences of some cover
crops on citrus tree growth, yield, their ability to compete with weeds, to evaluate
their root distribution and the influence on various soil parameters.

Material and Methods

Characterization of the experiment site

The study was carried out in the summer/autumn season of 2010 & 2012 in
citrus grove of the Scholl Farm of Universidade Estadual de Londrina — Parana -
Brasil. 550 m above the sea level, latitude 23° 34’ S and longitude 51° 21° W.
The soil is characterized as Oxisol Distroferrico typical red clay (EMBRAPA,
1999), rainfall annual average of 1610 mm and annual average temperature of
21.2°C.

Eighteen 15-year-old Montenegrina mandarin (Citrus reticulata) trees grafted
on Rangpur lime rootstock planted at 7m x 4m apart were selected for this
investigation. The trees are of almost uniform vigor and received the customary
horticultural practices for pruning, organic fertilization, etc. The trees received
the recommended fertilization program according to the GROUP of PAULISTA
fertilization and liming for citrus (1994).

Experimental design and statistical analysis

The CRBD design of six treatments with three replicates was followed
throughout the whole work. Each replicate was represented by one tree. The
treatments were; cultivating Stylosanthes guianensis var. vulgaris, Clitoria
ternatea, Crotalaria juncea, Eleusine coracana, Mix of (Stylosanthes guianensis
var. vulgaris, Clitoria ternatea, and Eleusine coracana) ] and the fallow as
control. The obtained data were statistically analyzed using the Statistical
Analysis System (SASM-Agri). The effects were tested using the general Linear
Model. Multiple comparisons of means were performed according to Duncan test
(Snedecor & Cochran, 1972).

Establishment of the tested cover crop species
The seed bed was prepared between the trees rows. The cover crops were
cultivated in a quadrate 4 x 4 m of each side of the mandarin tree. The total
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surface area needed for cover crop was 345.6 m?. The seeds were sown in
November with the recommended rates. Cover crops were incorporated in the
flowering bloom.

Cover crop parameters

Cover crop seeds germination %: Measuring seed germination was done by
counting the emergence of 100 seeds in seed bed and the percentage was
calculated as follows: number of germinated seeds/100.

Cover crop density: A 50 cm x 50 cm quadrate was used and the cover crops
density was visually evaluated.

Cover crops height: The height of fifty plants of the cover crops was
measured and the average was calculated in cm.

Cover crops dry weight biomass: Dry weight biomass was measured at the
end of the each growing cycle in three representative squares of 50 x 50 ¢cm
quadrate in each treatment.

Cover crops root system: Cover crops root weight was determined using the
root and soil cover analysis system SIARCS 3.0 (Crestana et al., 1994).

Weed parameters:

Emerged weed seedlings were periodically identified according to Harri
(2006) and Hanf (1990) then counted and removed. Actual weed infestation was
measured by counts in two fixed 50 x 50 cm quadrate per plot carrying out at the
end of each month and the average was calculated. Weed density and fresh
weight biomass was measured.

Soil parameters

Soil samples: Soil samples were collected at the end of the experimental
season at 0-20, 20-40, 40-60 cm depths with the aid of 3.5 cm diameter soil
auger. Five auger points were taken along the diagonals of each plot. Samples
from the same plot and the same soil depth were bulked, homogenized and
composite samples were taken to the laboratory for analyses. The following soil
parameters were measured:

Soil moisture contents

Soil moisture percentage was determined using 5TE sensor, Decagon Devices
Court Pullman WA99163. The level of soil moisture was considered high (>8
%), intermediate (4.2 - 8 %) and low (< 4.2 %) according to the American Soil
Taxonomy (1975).

Citrus tree measurements

Tree canopy volume: At the beginning of the experiment the canopy volume
(m*) [calculated according to the equation: Canopy volume (m® =0.5236 x
height x diameter square as stated by Turell (1965). The same measurements
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were done once more at the end of the experiment, one year later. The yearly
increments in tree canopy volume were calculated.

Yield/hectare: At the end of the experimental seasons, the number of fruit per
tree was counted then a sample of 10 fruits were weighted and the average fruit
weight was taken. The yield per hectare/ton was calculated theoretically as
follows = [average fruit weight (g) X number of fruit/tree x number of
trees/hectare]/1000 (hectar = 2.38 feddens).

Results and Discussion
Cover crop parameters

Cover crop seeds germination %

Data presented in Fig. 1 refer to the cover crop seed germination percentage
in both experimental seasons. The data showed significant differences between
the tested cover crops. The higher germination percentage resulted with
Crotalaria juncea while Clitoria ternatea gave the lowest value. This could be
due to the differences in the seed viability of the tested species. In this respect,
the timing, the climatic conditions and ensuring good seed to soil contact are
important for germination success (Morgan, 1997). However, it is difficult to
choose the best conditions for all species in one single seeding technique because
native seeds vary so widely in their germination requirements (Munshower,
1994). The obtained results gave an evident that the best seeding time for
Crotalaria juncea is November.
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Fig. 1. Cover crop seeds germination percentage in Montenegrina mandarin orchard
submitted to treatments of cover crops.
Means followed by the same letter are not significantly different at P= 0.05 (Duncan test).

Cover crop density

It was clear that both Clitoria ternatea and the Mix of (Stylosanthes
guianensis var. vulgaris, Clitoria ternatea and Eleusine coracana) gave the
optimal results with 100 % soil cover while Eleusine coracana and Crotalaria
juncea occupied the second and third positions with 98 % and 80 %, respectively.
The least cover crop density resulted from the use of Stylosanthes guianensis var.
vulgaris with 30 %. These results can be referring to the excellent seed viability
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or to the germination rate as shown in Fig 2 and/ or the rapid growth of Clitoria
ternatea (Conway et al., 2001) and Crotalaria juncea and the Mix of
(Stylosanthes guianensis var. vulgaris, Clitoria ternatea, and Eleusine coracana)
while Stylosanthes guianensis var. vulgaris was grown leisurely. However, the
differences between all the tested cover crops were significant.

Cover crops height

The obtained results in Fig. 2 showed that Crotalaria juncea followed by
Eleusine coracana and the Mix of (Stylosanthes guianensis var. vulgaris,
Clitoria ternatea, and Eleusine coracana) treatments gave the highest values
while Stylosanthes guianensis var. vulgaris gave the lower value. The differences
between cover crops were statistically significant. These results are in agreement
with those of Yost and Evans, (1988). In general, as much as the cover crop has a
rapid growth and cover large area of the cultivated soil in short time as much as it
is superior (USDA, 1998), such trend was not noticed in the case of Stylosanthes
guianensis var. vulgaris where the growth was slow that reached (25 cm)
compared to Crotalaria juncea (198.7 cm) and consequently the final height was
less than the other tested spices. Moreover, it produce less amount of biomass
compared to the other tested cover crop species.
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Fig. 2. Cover crop height (cm) in Montenegrina mandarin orchard submitted to
treatments of cover crops
Means followed by the same letter are not significantly different at P= 0.05 (Duncan test).

Cover crops dry weight biomass

Data in Fig. 3 showed significant differences between the tested cover crops
in dry weight biomass contents. The highest value of dry matter biomass resulted
from the use of Eleusine coracana followed by the Mix of (Stylosanthes
guianensis var. vulgaris, Clitoria ternatea, and Eleusine coracana). However,
Stylosanthes guianensis var. vulgaris gave the lowest results. On the other hand,
the differences between Clitoria ternatea and Crotalaria juncea and the Mix of
(Stylosanthes guianensis var. vulgaris, Clitoria ternatea, and Eleusine coracana)
were not significant. The obtained results are in harmony with the results of
cover crop height and it can be due to the growth rate of the tested cover crops.
We can notice that the growth rate of Stylosanthes guianensis var. vulgaris
resulted in 2.5 ton/ha while Eleusine coracana gave 11.5 ton/ha. The results also
showed that the legume cover crops resulted in lower amount of dry biomass
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compared to the grass. However, these results are confirmed by Yost and Evans,
(1988), Duke, (1979) and USDA, (1998).

Thus, the increase in cover crop biomass adds to the soil organic matter and
enhances the soil physical and chemical properties (USDA, 1998).
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Fig. 3. Cover crop dry matter (ton/ha) in Montenegrina mandarin orchard submitted
to treatments of cover crops
Means followed by the same letter are not significantly different at P= 0.05 (Duncan test).

Cover crops root system

The results of cover crop roots weight Fig. 4 showed the average results of
both experimental seasons. The highest values were noticed at (0-20 cm) of soil
surface. Whereas the lowest values were obtained with the depth of 40-60 cm.
The differences between cover crop root weights were not significant in the depth
of (0-20 cm) while the results of the depths (20-40 and 40-60 cm) gave
significant differences. However, it was clear that Stylosanthes guianensis var.
vulgaris has shallow roots while Clitoria ternatea followed by Eleusine coracana
and the Mix of (Stylosanthes guianensis var. vulgaris, Clitoria ternatea, and
Eleusine coracana) has deeper roots that helps in exploring large area of the soil
searching for nutrients and water.

The fact that Stylosanthes guianensis var. vulgaris has shallow and limited
root system have advantages because these roots will not compete with the
mandarin tree roots for the nutrients and water. On the other hand, it is also
disadvantages because the growth of Stylosanthes guianensis var. vulgaris
becomes very slow and loose the competitiveness with weeds and it takes time to
cover large area of the soil in short time.

Generally, cover crop root system helps stabilize the soil by infiltrating the

profile and holding it in place and thus reduce soil erosion (Sainju and Singh
1997).
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Furthermore, the Mix of (Stylosanthes guianensis var. vulgaris, Clitoria
ternatea, and Eleusine coracana) that includes grasses and legumes with shallow
and deeper root system can therefore be more effectively to prevent soil erosion
and reduce soil N concentration. Competition for soil N in mixed stands can also
result in increasing biological N fixation by the legume (Ranells and Wagger,
1997).
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Fig. 4. Cover crop root system (g) in Montenegrina mandarin orchard submitted to
treatments of cover crops.

Weed parameters

Weed identification

Table 1 represents the most common weed species that has been grown
during the experimental season. Generally, most of those species are commonly
grown under this area and prevailing climatic conditions.

TABLE 1. The common weed varieties in the experimental location.

Variety scientific name Variety scientific name
- Amaranthus deflexus - Sida rhomboidea
- Amaranthus hypochondriacus var. Patulus - Richardia brasiliensis gomes
- Bidens pilosa - Soliva pterosperma (juss) less
- Cenchrus echinatus - Stellaria media L. vill
- Chamaesyce hyssopifolia - Oxalis corniculata
- Commelina benghalensis - Oxalis latifolia kunth

Weed density (number/50 cm?) and fresh weight biomass

The least weed density was found with the Eleusine coracana while both
Stylosanthes guianensis var. vulgaris and the control followed by the Mix of
(Stylosanthes guianensis var. vulgaris, Clitoria ternatea, and Eleusine coracana)
gave the highest values (Table 2). The differences between the tested cover crops
were significant in both seasons. The lowest weed density results have been
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connected with Eleusine coracana, Crotalaria juncea and Clitoria ternatea,
respectively. Whereas the highest weed density was obtained from the use of
Stylosanthes guianensis var. vulgaris and the control treatment.

TABLE 2. Weed density (number/50 cm?) and fresh weight biomass of Montenegrina
mandarin orchard submitted to treatments of cover crops

Weed parameters
Treatments Weed density Weed fresh biomass
(Number/50 cm?) 0)

Stilozantes 9.83a 95a 98.73 ab 90.22 b
Clitoria 6.83 ab 595b 45.45 ab 39.34c
Crotalaria 6.67 ab 5.00b 23.87b 30.33¢c
Eleusina 4.00 b 3.50¢ 31.93b 25.45d
Mix (Stilozantes +

Clitoria + Eleusina) 7.50 ab 6.50 ab 52.32 ab 44.23 be
Control 8.33a 12.23a 192.92 a 200.45 a

Means followed by the same letter are not significantly different at P= 0.05 (Duncan test).

Generally, all cover crop treatments resulted in a decrease in the number of
weeds compared to the control treatment.

Table 2 also showed the results of weed fresh biomass. All tested cover crops
resulted in lower weed fresh biomass than the control. The differences were
statistically significant and the trend line shows an increase in the amount of
weed biomass particularly in the control treatment. In this respect, the highest
value of weed fresh biomass resulted from the control followed by Stylosanthes
guianensis var. vulgaris. Both Clitoria ternatea and the Mix of (Stylosanthes
guianensis var. vulgaris, Clitoria ternatea, and Eleusine coracana) treatments
showed intermediate levels of competitiveness between the grown weeds and the
cover crop species. However, the highest level of competitiveness was obtained
with Crotalaria juncea and Eleusine coracana. These trends can be explained by
taking into consideration that the growth of Stylosanthes guianensis var. vulgaris
was slower than the growth of Clitoria ternatea and the Mix of (Stylosanthes
guianensis var. vulgaris, Clitoria ternatea and Eleusine coracana) while the
growth of Crotalaria juncea and Eleusine coracana was fast. This gave
advantage to Crotalaria juncea and Eleusine coracana plants to prevent the light
to reach weed plants. In addition to the competition with the weeds for water and
nutrients while Stylosanthes guianensis var. vulgaris was not able to compete.
However, it was clear that the cover crop species was better than the control.

Indeed, many cover crops can suppress the growth of weeds. Some produce
thick canopies that prevent light from reaching the surface of the soil. This can
weaken competing weed species and suppress weed seed germination. Cover
crops have also been reported to exhibit allelopathic effects. “Allelopathy is the
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beneficial or harmful influence of one plant on another plant by the secretion of a
chemical or toxic substance” (Hanwen et al., 2007).

In general, planting mixtures of cover crops can take advantage of the
allelopathic potential of the cover crops to suppress weeds. Allelopathic
suppression of weeds has been shown to be a species specific phenomenon,
therefore a broader spectrum of weed control may be possible by growing a
mixture of cover crop species, each contributing allelopathic activity towards
specific weed species (Creamer and Bennett, 1997).

From the two experimental seasons, we can conclude that weed suppression
due to cover crops is likely to have a function of both numbers of cover crop
plants and cover crop biomass (Carol and Martin, 2003).

Soil parameters

Soil moisture contents

Figure 5 showed the average of soil moisture content of both the experimental
seasons. The results showed that the difference between soil moisture percentages
due to the tested cover crop species were not significant in the first season while in
the second one showed significant differences. This is true since the effect of cover
crops needs more time to show the accumulation effect (USDA, 1998). However, the
soil moisture level in March was low (<4.2 %) while it was intermediate (4.2-8%) in
May and high (> 8%) in Jan. (American Soil Taxonomy, 1975). The obtained results
could be due to the fact that in March the cover crop plants require higher amount of
water for growth and physiological process whereas in Jan. their water requirements
were less than the water requirements in May and March. In addition, this might be
due to the properties of the experimental soil and the influence of the cover crops
(USDA, 1998). These results are in line with the obtained results of cover crop
biomass since the species that produce high amount of biomass such as Eleusine
coracana, Clitoria ternatea and the Mix of (Stylosanthes guianensis var. vulgaris,
Clitoria ternatea and Eleusine coracana) increase the value of soil moisture which is
relatively related with the period of plant growth (James, 2009).
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Fig. 5. Soil moisture percentage of Montenegrina mandarin orchard submitted to
treatments of cover crops.
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Soil temperature at 0 and 5 cm from soil surface

The data in Fig. 6 showed that the average of soil temperature in both
experimental seasons had no significant differences between all the tested cover crops
in the two depths 0 and 5 cm from the soil surface. Overall, it is noticed that the soil
temperature at the depth of 5 cm was lower than the temperature at 0 cm. The
differences in soil temperature that ranged from 0.93 to 2.57 °C in the depths of 5 and
0 cm from soil surfaces, respectively.

In this respect, Dabney et at. (2001) declared that living cover crops can
significantly alter soil temperatures, decreased the amplitude of day and night
temperatures more than average temperatures resulting in less variability. Cover crop
mulches protect the soil from cold nights and slow cooling. This could be useful in
hot regions, but may slow growth in cooler regions. However, they found that winter
cover crops moderate temperatures in the winter and the standing crops have higher
soil temperatures than flat crops. These results were in agreement with our obtained
results even though the results were not significant.
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Fig. 6. Soil temperature °C of Montenegrina mandarin orchard submitted to
treatments of cover crops.

These results also could be due to the differences in the biomass production
of the tested species where as much as the amount of biomass as much as the soil
is covered that prevent the sunrays to reach the soil surface. In addition, as a
result for soil cover, the soil moisture enhance lowering the soil temperature.

Citrus tree measurements

Tree canopy volume

The effect of cover crop species on tree canopy volume was not significant in
the first season while the results showed significant differences in the second
season (Table 3). However, the highest value resulted from the cultivating of
Clitoria ternatea, Crotalaria juncea and the Mix of (Stylosanthes guianensis var.
vulgaris, Clitoria ternatea, and Eleusine coracana) followed by Eleusine
coracana, Stylosanthes guianensis var. vulgaris and the control. These results
could be due to the fact that legumes help to fix nitrogen into the soil and
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therefore increase the vegetative tree growth (Abdel-Aziz et al., 2008). On the
other hand, the significant results obtained in the second season were due to the
accumulation effect of the cover crop species (USDA, 1998).

TABLE 3. Tree Canopy volume increments (m) of Montenegrina mandarin orchard
submitted to treatments of cover crops

Tree canopy Tree canopy
increments increments
Treatments .
First season Second season
(m) (m)

Stilozantes 091a 0.99b
Clitoria 1.39a 142a
Crotalaria 1.33a 1.35a
Eleusina 0.96 a 0.90b
Mix (Stilozantes + Clitoria + Eleusina) 1.10a 1.202
Control 0.55a 0.50 ¢

Means followed by the same letter are not significantly different at P= 0.05 (Duncan test).

Number of fruit/tree, fruit weight/g and yield/hectare/ton

Data in Table 4 clarify that statistically there were significant differences
between all the tested cover crops. However, Crotalaria and Clitoria ternatea
followed by the Mix of (Stylosanthes guianensis var. vulgaris, Clitoria ternatea,
and Eleusine coracana) gave the higher yield values with 19.4, 18.4 and 17.2
ton/ha in the second season, respectively. This can be a result of the improving in
tree growth achieved by the existing of legumes which improve soil fertility and
enhance tree roots efficiency to absorb water and nutrients, in addition to the
increase in soil fertility (Abdel-Aziz et al., 2008). However, we declare that the
effect of cover crop practices needs more than two seasons to fulfill clear and
sustainable results.

TABLE 4. Number of fruit/tree, fruit weight/g and yield/ hectare/ ton of
Montenegrina mandarin in an orchard submitted to treatments of cover

crops
Treatments No. of fruit /tree Fruit weight/g Yield/ha/ton

First Second First Second | First | Second

season season season | season | season | season

Stilozantes 290 b 305hb 155a 150a | 16.0a | 16.3b

Clitoria 310a 340 a 160 a 152a | 17.7a | 184a

Crotalaria 323a 350 a 150 a 155a | 17.3a | 194a

Eleusina 300b 295b 115b 120b | 123b | 126¢

Mix (Stilozantes + 310a | 345a | 155a | 140a | 17.2a | 172a
Clitoria + Eleusina)

Control 300b 290 b 130b 112¢ | 139 b | 116¢c

Means followed by the same letter are not significantly different at P= 0.05 (Duncan test).
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Conclusion

The obtained results indicated that the use of a mix between legumes and
grasses enhance soil physical and chemical properties.

Moreover, it is noticed that some of the tested cover crop species such as
Stylosanthes guianensis var. vulgaris has slow growth and thus has less ability to
compete with weeds and other types of cover crops when mixed. Both Clitoria
ternatea and Eleusine coracana showed highly competitiveness to weeds and
also produce sufficient amount of biomass that add more value to the soil and
increase its fertility. In addition, the use of cover crop practices improve
mandarin trees growth and increase the final yield.

Generally, we recommend repeating the same experiment for several years to
achieve the cumulative effect of cover crops on both the soil and the mandarin trees.
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