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HE FIELD research was performed in 11-year-old organic Balady

mandarin orchard (Citrus reticulate) budded on sour orange
planted 5 by 5 meters at El-kssassin Research Station, Ismailia
Govornorate, Egypt. It served to evaluate the effect of cover crops
including 100% Egyptian clover (Trifolium alexandrinum L.) (T1),
100% of barley (Hordeum vulgare L.) (T2), and a mixture of 1:1 of
clover and barley (T3) in comparison with a fallow as a control, on
soil salinity, organic matter, vegetative tree growth, ylcld and fruit
quality. Factorial plot design was used for the studies.

The results have shown significant increase in soil organic matter,

. tree canopy, fruit set, and fruit yield as well as decrease in soil

electrical conductivity and soil pH compared to a control set when T1,

T2 and T3 were applied. The highest soil salinity reduction was

observed in T1 and T3. Generally, the I:1 mixture of clover and

barley is recommended as a cover crop to improve mandarin fruit
yield and quality.

Keywords: Balady mandarin, Cover crop, Fruit quality, Organic
matter, Soil salinity, Vegetative growth

Citrus cultivation represents the most important fruit crop in Egypt in terms of
history, surface, local consumption and exportation (Sheta et al, 2002).
Mandarin orchards face serious problems in the newly reclaimed sandy soils. For
example, citrus is salt-sensitive (Maas, 1993). Its response to salinity depends on
several factors: These include rootstock - scion combinations, irrigation system,
soil type and climate. Changing one or more of these factors could produce
entirely different results. Similar to most other plants, salinity reduces citrus trees
growth, yield and causes physiological disorders and finally leads to soil
desertification (Maas, 1993 and Zekri, 1993a).

In addition, agriculture polices at national and European level have been
supporting sustainable agriculture production systems (i.e. organic fanning) able
to guarantee the “cnvuonmental quality” increase by preservmg air, water and
soil quality.
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The application of organic agriculture techniques, e.g. cover crops, may be
considered as a preventive approach. Advantages of using cover crops include
the ability to adjust pH of soil, reduce salts from soil, and provide a source of
available organic nutrients as well as organic matter to the trees once the cover
crop biomass is incorporated into soil (McCloskey et al., 1997).

Moreover, regardless of how healthy or alive soil is, cover crops can play a
vital role in ensuring that soil provides a strong foundation for farming system.
While, the most common reasons for including cover crops in a farming system
may relate to the current season, the continued practice of cover cropping
becomes an investment in building healthy soil over the long term. Cover crops
improve soil in a number of ways. Protection against soil loss from erosion is
perhaps the most obvious soil benefit of cover crops, but providing organic

. matter is a more long-term and equally important goal. Cover crops contribute

- indirectly to overall soil health by catching nutrients before they can leach out of
the soil profile or by adding nitrogen to the soil. Their roots can even help unlock
some nutrients, converting them to more available forms. Cover crops provide
habitat or a food source for some important soi! organisms, break up compacted
layers in the soil and help dry out wet soils (Sustainable Agriculture Network,
1598). _

The present investigation was carried out to evaluate the effect of cultivating
cover crops both legumes and non legume on the performance of irrigated
mandarin trees planted in saline soil.

>

Material and Methods

Twenty four mandarin trees grafted on sour orange organically grown in the
On-years were selected in two consecutive seasons 2004/2007 at El-kssassin
Research Station, Ismailia Governorate, Egypt. They grew in sandy soil at 5 by §
m. The trees were almost similar in vigor and received the normal practices for
pruning, organic fertilization etc. The fertilization program was about 1.70 kg
fock-phosphate /tree/year added on the soil surface close to the root system
around the tree canopy in December. In addition, animal manure extraction was
é’faplled manually under tree canopy 30 liters/tree/ month from December to
November

Drip irrigation system was used to irrigate the experimental trees daily during
spring, summer and autumn whereas it was done every two days during winter.
One more drip irrigation line was set in the area between mandarin trees to

irrigate the cover crops. Trees received 7616 m?3 ha-l year‘l;

Experimental design '

Four treatments in a randomized complete block design with three replicates
per each one was established, ie. growing 100% Trifolium alexandrinum L.
cover crop, 100% Hordeum vulgare cover crop, 1:1 mixture of Trifolium
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alexandrinum L. and Hordeum vulgare between tree rows. The fallow served as a
control treatment. Each replicate was represented by two trees.

Data were statistically analysed using the (SAS, V8, USA). The data were tested
using the general Linear Model. Multiple comparisons of means of the tested
treatments were performed according to the Duncan test (Snedecor & Cochran, 1972).

Experimental site preparation ‘

The area between tree rows was ploughed then the seed bed was prepared.
Fine animal manure and compost, 1:1 (14.4 ton ha-1), were mixed with the
soil. Seeds were then sown in December 2004 and 2006 with a rate of 25 -30
kg ha! for the Trifolium alexandrinum L. and 35- 40 kg ha-1 for Hordeum
vulgare (the common rate in Egypt). Cover crops were incorporated when
reached full bloom.

Soil analysis

Soil samples were collected three times per each season: i) before cultivating
cover crops in December, 2004 & 2006, ii) before incorporating cover crops in
April 2005 & 2007 iii) after incorporating the cover crops into the soil (May,
2005 & 2007). Soil samples were taken horizontally at a distance of 200 cm from
tree trunk and vertically at a depth of (0-50 cm) from soil surface using an auger.
Soil pH was determined in a soil] saturation extract (5g of soil + 50 ml of H,0
using a glass electrode pH- meter (Crison basic 20, xxx, SA, Alella, Barcelona,
Spain at 18 °C) as described by Rhoades (1982). The level of total soluble salts
(EC dsm’") was determined in soil extracts (1:2.5) of samples taken in December
2004 & 2006, April 2005 & 2007 and May 2005 & 2007 from the same site and
at the same depth using electric conductivity meter (XS cond510, xxx) to obtain
EC values in dsm-1 at 20°C. Soil moisture percentage was determined in samples
taken from the same site in April each season. The samples were dried at 105 °C
till constant weight, then the soil moisture percentage was calculated as follows:
[(soil fresh weight — soil dry weight)/ soil dry weight x 100].

Soil organic matter content was analyzed according to method of Wakley and
Black (Jackson, 1967). Mechanical analysis was performed randomly on three
samples taken at the first sampling dates, according to the description reported by
Chapman and Pratt (1961). Physical and chemical properties of soil are shown in
Tables 1 and 2.

TABLE 1. Main physical properties of the soil under experimental trees

Depth Pﬁrtii:ie size distribution %
{cm) Sand sl ‘ Clay
0-50 o 86.54 g 3.5 9.95

Soil classification according to Stoops (1998).
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TABLE 2. Main chemical constituents in the paste extract of the soil. _
EC pH N P K Ca™ Mg™ Na®* Ccr $O, HCQ,

dsm-l ppm Meq/l
280 804 1.3 0.70 0.30 [5.33 13.43 9.3 14.58

4.53

Vegetative growth attributes of mandarin trees

“At the beginning and at the end of each experimental seasons, tree height (m)
and tree canopy volume (m*) were calculated according to the equation: Canopy
volume (m %} =[0.5236 x height x diameter square] as stated by Turell (1965).
The yearly increments in tree height and tree canopy volume were calculated.
Ten shoots of the current spring flush, randomly distributed around the tree
canopy, were tagged. Leaves number of the tagged shoots was counted and the
leaf area (cm’) was determined using leaf area meter apparatus (model CI- 203,
USA). The number of flowers on each tagged shoot was counted. Later on, the
numbers of set fruitlets were counted on the same tagged shoots. Fruit set
percentage was calculated as follows: number of set fruitlets/ number of flowers
x 100). The percentage of fruit drop was calculated according to the following
equation: Fruit drop (%) = number of dropped fruits/ number of set fruitlets x
100. Fruit weight (g) and the number of fruit/tree were determined and the
yield/fed/ton was calculated. TSS, acidity, TSS/acid ratio and vitamin C were
determined in the fruit juice.

Leaf chemical constituents

Samples were taken in (August) of mature leaves from the middle locations
of non fruiting shoots of the previous spring flush. Then, dried at 70 °C and were
finely grounded and digested in a mixture of perchloric: sulphuric acid (1:3 v/v).
The following determinations were carried out: total nitrogen (%) using Kjeldahl
method (Naguib, 1969), phosphorus (%) by ascorbic acid method (Watanabe and
Olsen, 1965), potassium using the photometric method outlined by Brown and
Liiliand, (1946).

Total carbohydrates were determined colorimetrically (at 490 mp), using
phenol sulphuric acid method given by Smith ef al. (1956). The concentration of
sugar was obtained from glucose standard curve.

Results and Discussion

Tree vegetative parameters

Tree height and canopy

The increments in tree canopy volume, generally, ranged from 0.002 to
0.052m? according to the tested treatment.

Statistical analysis shows that the effect of cover crops was significant Fig. 1.
The highest value occurred for 7. alexandrinum L. However, there was no
significant differences between 7. alexandrinum L. alone and 1:1 mixture of 7
alexandrinum L. and Hordeum vulgare The least values were obtained from the
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fallow treatment. This could be due to the amount of nitrogen added by the T.
alexandrinum L. which influences tree vegetative growth .(Esteban, 2001).
Moreover, it is noticed that the tree canopy rate increased as the soil salinity
decreased. These data are confirmed by Adnan (2004).

The same trend was noticed with the tree height rate (Fig. 1).
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Fig. 1. Effect of cover crops on mandarin tree height rate (m) and tree canopy rate (m’)
Means followed by the same letter are not significantly different at P =0.05
(Duncan test).

Leaf number/shoot and leaf area (. cm? )

The average leaf number /shoot is presented in Fig. 2. The effect of cover
crops had significant differences on the leaf number/shoot in both experimental
seasons. The highest values were obtained from the 7. alexandrinum L. and 1:1
mixture of T. alexandrinum L. and Hordeum vulgare cover crop, whereas the
least value has resulted from the control sample. However, there were no
differences between the T. alexandrinum L. and Hordeum vulgare.
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Flg 2. Effect of cover crops ‘on number of mandarin tree leaves per shoot and area
(em?) Means followed by the same letter are not significantly different atP =
0.05 (Duncan test).
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The leaf area generally ranged from (0.6 to 1.7 cm?) according to the tested
treatments. The effect of the cover crops was statistically significant in both
studied seasons (Fig. 2). The best leaf area occurred by 7. alexandrium followed
by the 1:1 mixture of 7" alexandrinum L. and Hordeum vulgare. The least values
resulted by the fallow treatment.

Leaf mineral contents

The effect of cultivated cover crops on leaf NPK contents was shown in Fig
3. Statistical analysis showed significant differences in the first season for leaf N
and P contents while it was insignificant for leaf K content. Moreover, all the
treatments gave significant differences in the second season. However, The 1:1
mixture of 7. alexandrinum L. and Hordeum vulgare gave the highest leaf P and
K contents while the 7. alexandrinum 1.. gave the highest value of leaf N
content.
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Fig. 3. Effect of cover crops on leaf mineral contents of mandarin tree Means
followed by the same letter are not significantly different at P =0.05
(Duncan test).

In view of the obtained results, the obtained data could be due to the organic
matter that added to the soil via cover crops. These organic matters feed
microorganisms in the soil that, in the process of eating and living and dying,
recycle the nutrients embedded in the organic matter. The microbes slowly
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release not only nitrogen, phosphorous and potassium but also a host of other
nutrients and produce substances that combine with minerals in the soil and
make them more available to plants in ratios difficult to replicate with synthetic
fertilizers (Deborah, 2006).

Leaf carbohydrate content S

Data presented in Fig. 4 showed that there was no 51gmﬁcant dlfference
between the tested cover crop treatments. However, the control treatment has the
lowest carbohydrate contents. The differences started to show significant
difference in the second season. The highest value resulted from the use of 1:1
mixture of T. alexandrinum L. and Hordeum vulgare. These results can be due to
the availability of plant nutrition .
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Fig. 4. Effect of cover crop on leaves carbohydrate contents of the mandarin trees
Means followed by the same letter are not significantly different at P =0.05
(Duncan test).

Fruit set and Fruit parameters

Fruit set percentage

The effect of tested cover cr0ps was s;gmficant in both seasons on the fruit
set percentage. The highest value resuited from the use of 1:1 mixture of 7.
alexandrinum L. and Hordeum: vulgare while there was no significant difference
between the T. alexandrivium L.'and: Hordeum vulgare alone. The lowest fruit set
value was attained by thé control treatment (Fig. 5).

In general, cover crops have the advantages not only to increase water-
holding capacity but also to modify the microclimate under the tree canopy.
These advantages reduce tree stress which can positively affect the fruit set
percentage (Pehrson, 1989, Robert et al., 2001 and Dong & Shu, 2004). They
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mentioned that cover crops reduce tree stress factors ie. water stress and high
temperature improve the fruit set percentage in citrus and apple orchards.

The obtained results of fruit set were confirmed by Lin (1998) on Satsuma
varities, Gonzalez- Altozano and Castel (1999) on Clementina de Nules;
Ebrahiem and Mohamed (2000) on Balday mandarin trees and Abd El Aziz,
(2004) on Valencia orange.
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Fig. 5. Effect of cover crop on the fruit set percentage of the mandarin trees Means
followed by the same letter are not sigaificantly different at P =0.05 (Duncan
test). .
Fruit number/tree
Data represented in Table 3 cleared that the highest fruit number per tree
obtained from the use of 1:1 mixture of 7. alexandrinum L. and Hordeum
vulgare followed by both the 7. alexandrinum L. and Hordeum vulgare as
individually cover crops without significant difference between them in the two
consecutive seasons. However, the lowest fruit number has resulted by the
control treatments in both analyzed seasons. However, the reduction in fruit
number/tree, in the second season, ranged from 14 % to 25% in the second
season. This could be due to the natural thinning that happened in the first
season.

Yield/fed/ton

The same trend was found in the case of yield/fed/ton (Table 3). The
yield/fed/tone ranged from (12.6 to 18.6 ton) in the first season and from (1.2 to
8.0 ton) in the second season. All the tested cover crops have promoted the
yield/fed/ton in the first season. The highest value was obtained by cultivating
both.the 7. alexandrinum L. and Hordeum vulgare without any significant
difference between them in the second season, while the lowest values were
noted from the fallow treatment in the first and second seasons.
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TABLE 3. The effect of cover crops on the yield components and fruit chemic

compositions.

Yield components Fruit chemical compositions

Fruit . . qs vit. C.
Treatments umber Yield/ TSS Acidity TSSIs_acid (mg/100

Jtree *ha-1 % Yo ratio ml juice)

First season {2004/2005)
T a 440.0b 15.7b 9.7b 15a 70a 26.0 a
Hwv. 47000 16.4 ab 114a 1.4a 85a 250a
1:17 a & Hov. 5233 a 18.6a 11.7a 1.5a 77a | 279a
Fallow 306.7 ¢ 126¢ 11.2a 1.47 a 7.7a 240a
LSD 5% 32.46 1.08 0.90 NS NS NS
Second season {2006/2007)

T.a 35500 19.0 a 10.7a l15a 72a 273a
H.v. 351.7b 1520 11.7a 13a 93a 26.0 ab
1:17. a & H v. {3933a 18.8a 11.9a 13a 9.0a 287 a
Fallow 263.3 ¢ 7.6¢c 11.2a 1.4a 8§8a 240¢c
LSD 5% 25.74 1.04 NS NS NS 3.14

* Hectare = ha = 2.38 fed.

Fruit chemical compositions

Fruit TSS, acidity and TSS acid ratio

The effect of the cultivation of cover crops on fruit TSS was statistically significant
in the first season and insignificant in the second. It could be stated that in the first year
the soil water holding capacity was lower than in the second year. The TSS generally
ranged from (9.7 to 11.7) in the first season and from (10.7 to 11.9) in the second
season. The highest values were obtained by using a 1:1 mixture of 7. alexandrinum L.
and Hordeum vulgare. The lowest values have resulted from the use of 100% T.
alexandrinum L. (Tab. 3). Data in hand could be interpreted in the light of the fact that
cover crops increase the availability of irrigation water as a result of increasing water

holding capacity (Mark ef al, 2006).

Data shown in Table 3 clarified no significant difference in fruit acidity and
TSS acid ratio both in the first and second seasons.

Fruit vit. C content _

In the first season the differences between the tested treatments was insignificant
and were significant in the second. The highest values were resulted from the use of
1:1 mixture of 7. alexandrinum L. and H. vulgare followed by the use of 100% T.
alexandrinum L. and 100% H. vulgare while the lowest value was obtained from the
control treatment (Tab. 3). Results of the first season could be discussed by the fact
that the trees absorbed an abundance of nitrogen added as a result of incorporating
cover crops into the soil while in the second season the accumulation impact of cover
crops on soil organic matter was clear which increased the availability of the macro
and micro nutrients to be absorbed. Therefore, a plant will decrease protein
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production and increase carbohydrate production when it absorbs low of nitrogen and
because vitamin C is made from carbohydrates, the synthesis of vitamin C is
increased (Worthington, 2001).

Soil parameters

Soil organic matter

Data presented in Fig. 6 refer to the evolution of soil organic matter (SOM)
content during the first, second and third sampling dates (December 2004 &
2006, April 2005 & 2007 and May 2005 & 2007). No significant changes in
SOM content were observed for the tested cover crops in the first sampling dates
(December 2004) whereas significant differences were observed in the second
and third sampling dates (April 2005 and May 2005) in the first season. The
effect of the tested cover crops was significant with all the three sampling dates
in the second season.
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Fig; 6. Effect of cover ﬁrops on soil organic matter evolution (g.Kg') .

However, for the 1:1 mixture of 7. alexandrinum L. and H. vulgare the best
results were noted in all the sampling dates (December 2004/2006, April
2005/2007 and May 2005/2007).

Indeed, in that trial, both the tested cover crops showed high increases in soil
organic matter and characterized by an important production of biomass closely
to soil surface. Incorporatmg of the legumes biomass increased organic matter in
the soil. The same results were noted by Mahler (1989) and AlBitar (2004).

'_ Soil Electrical Conductivity
" Under the conditions of this investigation, the level of soil electrical conductivity

was considered high (> 2.34 dsm‘l), intermediate (2.34-1.56 dsrn"l) and low (< 1.56

dsm-1) in the soil extract (Magistad and Christiansen, 1984). However, the soil
electrical conductivity has reduced with the time (Fig.7).The lowest values were
pbtained in the last measuring date (May 2007).
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Fig. 7. Effect of cover crops on soil EC evolution (dsm™).

The reduction in soil salinity levels might be due to the role of legumes cover
crops which have the potential to reduce soil salinity level through their deep
roots that improve drainage, help to lower the water table level and thus reduce
soil salinity (Eilers et al., 1995).

Such effects started to be more evident in the second and third date (April
2005 & 2007 and May 2005 & 2007). Soil salinity level attained the highest
values with the fallow treatment, whereas the lowest values were obtained with
1:1 mixture of T. alexandrinum L. and H. vulgare. The values ranged from (1.59

to 1.73) and from (1.16 to 1.85 dsm-l) and from (1.13 to 1.84) and from (1.14 to

1.84 dsm 1) in the sampling dates of April 2005 and May 2005 in first and second
seasons, respectively. The least value resulted from the use of 1:1 mixture of T.
alexandrinum L. and H. vulgare and the heights value resulted from the fallow
treatment,

Soil pH

The values of soil pH were higher in the first sampling date (December 2004)
in the first season and ranged from 7.9 to 8.1 ppm, the soil classified then as
moderately alkaline Fig. 8. These values have reduced in the second and third
sampling dates (April 2005 & 2007 and May 2005 & 2007) especially with the
cultivated cover crops. The values ranged from 7.0 to 7.8 ppm; 7.0 to 7.6 ppm;
7.0 to 7.8 and from 6.7 to 7.6 ppm in the second and third dates (April 2005 &
2007 and May 2005 & 2007) in the first and second seasons, respectively. These
values moved the soil from moderately alkaline class to the neutral one (Marx
and Stevens, 1999).
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Fig. 8. Effect of cover crops on soil pH evelution (ppm)

The reduction in soil pH contents is probably because of the tested cover
crops, which could lower soil pH after decomposing into the soil and releasing
. organic acids (USDA, 1998).

Statistical analysis have shown significant differences between the tested
treatments in both the second and third sampling dates and the differences in the
first sampling date were not significant in the first season. On the other hand, the
tested cover crops have shown 51gn1ﬁcant differences in the first, second and
third sampling date (December 2006, April 2007 and May 2007) in the second
season.

In general, the lowest values resulted from the use of 1:1 mixture of 7.
alexandrinum L. and H. vulgare.

Soil moisture

Data showed in Fig 9 cleared significant differences between the tested
treatments on the soil moisture content. The highest values were obtained from
the 1:1 mixture of 7. alexandrinum L. and H. vulgare and the T. alexandrinum L.
without significant differences between them, in both the experimental seasons,
while the least values resulted from the fallow. These results may as a result of
the good impact of the cultivated cover crops to enhance soil organic matter,
water holding capacity and soi} aggregation.

Conclusion: According to the obtained results we can conclude that, cultivating a
mix of clover and barley cover crops between balady mandarin tree rows and
then incorporating them when they reach the bloom results in enhancing soil
organic matter and reducing the soil pH. The reduction in soil pH increases the
availability of macro and micronutrients to be absorbed which is reflected on the
tree vigor and fruit quality. On the other hand, cultivating cover crops between
mandarin trees can cause a reduction in the fruit number per tree due to the
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natural thinning that happened as a result of the competitions between the cover

-crops and the trees. However, the fruit quality parameters were improved. We

noticed that the trees yielded a remarkable yield in the off-year. This could be
due to the natural thinning that happened in the first season. Based on that notice,
we can recommend making more investigations to evaluate the effect of
cultivating cover crops between mandarin trees on the alternate bearing.
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Fig. 9. Effect of cover crops on soil moisture content (%) Means followed by the
same letter are not significantly different at P =0.05 (Duncan test)
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