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A trial with ‘Poncd@ tangerine (Citrus reticulata Blanco) on ‘Rangpur Lime' (Citrus limonia
Osbeck) rootstock was carried out in Londrina - PR - Brazil in an oxisol. Five treatments
were used: permanent cover with Indigofera campestris Benth; permanent cover with Arachis
prostrata Bong. ex Benth; Stizolobium pruriens during spring and summer; alternate
mowing (rainy season) /tillage (dry season); and bare soil (by hand weeding). The soil
received lime and fertilizers according soil analysis. Plant yield and fruit quality were not
affected by treatments. There was a tendency of greater yield in the mowing /tillage plots.
Probably the chemical fertilization (that was the same for all treatmens) was more important
for plant nutrition and yield than soil management. Treatments did not have any consistent
effect on chemical characteristics of the soil except soil organic matter, that was significantly
higher in A. prostrata and alternate mowing / tillage. The profile wall method was used to
determine root quantity and distribution. The roots were counted (area and lenght) in
digitized video images of the profile by SIARCS program. Total root amount had no
differences among treatments but root distribution was significantly different. Trees
maintained vegetation-free had the most spread out root systems. The presence of perennial
leguminous plants in the inter-rows limited the presence of citrus roots to the region of the
profile where roots of the cover plants were absent. This was compensated by a significant
increase in the citrus root system deepening in the A. prostrata treatment.
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Introduction

The regions of citrus production at Parana state are in tropical and subtropical
climates, with rains occurring during spring and summer, when it is important to maintain
the soil protected, reducing the risks of erosion. The most used soil management system
in the citrus orchards is a combination of mowing and tillage during rainy and dry season
respectively (Negri, 1988). Many producers, however, intensify the use of disk tillage,
creating compaction problems, reduction in the water infiltration rate, increase of erosion
risks and damages to the root system.

Ground covers protect the soil against erosion, avoid the infestation of weeds,
reduce soil compaction (depending on the species used) and fix atmospheric nitrogen.
Yield reduction has not been observed when leguminous ground covers are used in citrus
orchards. In some cases an increase of yield has been detected (Castro & Lombardi
Neto, 1992).

Studies done in Brazil have shown that the most prejudicial system for citrus yield
is the mowing of the natural vegetation all year long (Rodriguez, 1969; Passos et al.,
1973; Koller et a., 1977). The use of mulch has given the highest yields, but it is
considered of low economical viability for citrus. Other systems (mowing or
incorporating cover crops, tillage, and mixed systems of tillage and mowing) have
presented conflicting responses, varying with the location and period of observation
(Rodriguez, 1969; Passos et a., 1973).

The root distribution of citrus plants vary with the chemical and physical
characteristics of the soil, rootstock, plant’s age and occurrence of diseases. Other fruit



species present differences in the root system due to soil management, but these
influences on citrus plants have not been properly studied.

The effect of soil management systems, including ground cover species
recommended for the State of Parana (Calegari, 1995) on the soil chemical attributes,
root system, yield and fruit quality of ‘Ponc& tangerine, were evaluated in Londrina,
Parana.

Materials and Methods

The region’s climate (23°23'S and 51°11' W), according to Koppen's classification,
is of the Cfa type, humid subtropical, with rain in al seasons, with a possible dry season
in winter. The experiment took place at the Londrina State University campus, on a
clayey haplortox (latossolo roxo). The orchard was composed of 10 year old trees of
‘Ponc& tangerine (Citrus reticulata Blanco) grafted on ‘Rangpur’ lime (Citrus limonia
Osbeck), with a 6.0 x 6.5m spacing. The treatments, since orchard planting, were: a)
perennial leguminous Indigofera campestris Benth.; b) perennia leguminous Arachis
prostrata Bong. ex Benth.; ¢) ‘mucunacinza (Stizolobium pruriens) in the rainy season;
d) aternated use of the mower (three or four timesin the rainy season) and of one tillage
by disk harrow (dry season); €) bare soil by manual weeding. Treatments were replicated
four times in a completely randomized design with two sampled plants per plot. Mineral
fertilization and liming were the same for al treatments. Yield was evaluated by the
number of fruits per plant. On a sample of 10 fruits/plant the mean weight, juice content,
soluble solids content (SS), total acidity and the SS/total acidity ratio were determined.
Six soil samples were collected from each plot, making up one compound sample per
replication for the chemical analysis (C, N, P, K, Ca, Mg, H+Al, pH, SB, CEC, and
SBS%). Sampling was done in two areas of each plot: underneath the tree canopy and in
the inter-rows, at the depth of 0-20cm and 20-40cm.

To study the root system, the profile wall method (Bhom, 1979) was used, with
three profiles per treatment. Each profile was opened perpendicularly to the tree row,
with a 1.0m depth and a 3.25m length, from the tree's row to the middle of the inter-
row. The amount of exposed roots was evaluated through images obtained with a video
camera using 25x25cm squares limited by nylon thread in a wooden frame fixed to the
profile (Cintra & Neves, 1996). The images were digitized and the root area and length
were determined using the SIARCS program (Crestana et al., 1994).

Results and Discussion

A fruit yield of 114-143 kg plant™ year™ (Table 1) is considered satisfactory for ‘ Ponc&
tangerine (Hiroce et a., 1981). The treatments did not present any significant
differences, but the use of the mowing/tillage showed a tendency of a higher yield when
the harvests were averaged. This performance can be attributed to the absence of
vegetation during the dry season, that must have diminished the water and nutrient
competition, as observed by Vasconcelos et a. (1976) and Santinoni & Silva (1995).
Passos et al. (1973) obtained a better orange yield in one of the harvests with the
mowing treatment during the wet season and tillage during the dry season, but this
behavior was not repeated every year, probably due to the climatic conditions. Mustaffa
(1988) obtained better tangerine yields with mulch and less with mowing natura
vegetation. This was attributed to the soil moisture, that was significantly higher when
the soil was covered with mulch, given the water stress conditions caused by the climate.



In the results obtained in this study, if there was a water and nutrient limitation in the
presence of the cover plants, it was not strong enough to cause significant differences
among treatments. This tendency had already been observed in earlier harvests of the
orchard in study (Nilo Gonzalez & Neves, 1992). Smilar yields for different types of solil
management in citrus have aready been found elsewhere (Passos et al., 1973; Bouma &
Mclntyre, 1963). The quality of ‘Ponc& tangerine fruits was not influenced by soil
management (Table 2). The alterations on the soil are a secondary factor on the quality
of citrusfruits, whereas the main role is played by the climatic conditions (Reuther,

Table 1. ‘Poncd tangerine yield for treatments and years of observation, in kg of fruits
per plant (mean of four replications) and length of roots in cm (mean of three
replications) for the soil management treatments.

Yield (kg plant™) Roots

Treatment Year
1992 1993 1994 1995 92-95 cm

|. campestris 119.2 a* 1129a 1349a 1609 a 132.0a 1,329.22 a
A. prostrata 110.0a 89.5a 139.3a 119.1a 1145a 1,826.52 a
Mucuna cinza 1188 a 1059 a 111.3a 1336a 1174 a 1,097.89 a
Mowi/tillage 1788 a 115.7 a 130.0a 1483 a 143.2a 1,284.31a
Weeding 145.0a 1123 a 1276 a 127.7 a 1279 a 1,468.45a
M.D.S. 79.58 69.32 112.02 121.08 58.62 1,738.65
C.V. (%) 27.11 29.64 39.86 40.18 21.13 46.22

* Numbers followed by the same letter, in the vertical, are not significantly different, by the Tukey test, at a 5%
significance level; M.D.S.= minimum difference for significance; C.V.= coefficient of variation.

Table 2. Soluble solids content (in ° Brix), total acidity content (in %, w/v) and ratio
soluble solids/total acidity of ‘Ponc& tangerine fruits for the soil management
trestments and years of observation (mean of four replications).

Soluble Solids (°Brix) Acidity (%) Ratio

Treatment Year Year Year

1992 1993 1995 1992 1993 1995 1992 1993 1995

I. campestris 9.0 9.9a 103a 060a 0.45a 0.45a 15.11a 21.79a 23.32a
A. prostrata 9.1a 10.2a 10.8a 0.6l1a 0.46a 0.47a 15.18a 24.12a 23.38a

Mucuna 91a 99a 108a 0.64a 0.49a 0.51a 14.50a 20.41a 21.56a
Mow/tillage 9.0a 10.1a 10.7a 056a 0.46a 0.42a 16.32a 21.86a 26.11a
Weeding 88a 10.1a 104a 0.60a 0.43a 0.37a 14.85a 23.03a 28.66a
M.D.S. 0.67 1.64 1.68 0.15 0.08 0.12 517 437 7.36
C.V. (%) 3.43 7.34 7.29 11.50 8.46 12.26 10.64 13.17 13,69

* Numbers followed by the same letter, in the vertical, are not significantly different, by the Tukey test, at a 5%
significance level; M.D.S.= minimum difference for significance; C.V.= coefficient of variation.



Table 3: Soil chemical analysis of the inter-rows of the orchard at the depths of 0-20cm
and 20-40cm, when submitted to different soil management treatments (mean of
four replications).

Treatment O. M. pH P K Ca Mg H+AI SB CEC SBS
gdm? mg dm™® mmol, dm™ %

0-20 cm

I. campestris 28.4b* 6.15a 11.50a 39a 66.3a 26.7a 255a 96.9a 122a 79.0a
A.prostrata 353a 5.88a 6.45a 25a 64.7a 242a 243a 91.1a 1l16a 78.7a

Mucuna 293b 563a 953a 35a 494a 229a 26.7a 75.8a 102a 73.4a

Mowi/tillage 31.0ab 5.78a 9.15a 45a 58.1a 253a 215a 87.9a 109a 80.8a

Weeding 27.1b 5.66a 9.05a 44a 51.0a 203a 326a 757a 108a 69.6a

M.D.S. 5.15 0.81 5.52 2.6 27.4 12.1 17.8 37.6 39.3 16.04

C.V. (%) 7.80 6.36 27.64 3241 21.68 23.10 31.22 20.11 16.11 9.62
20-40 cm

I. campestris 23.3a 555a 585a 22a 457a 243a 330a 723a 1053a 68.3a
A.prostrata 27.2a 548a 278 19a 353a 123b 26.7a 495a 76.3a 65.7a

Mucuna 241a 533a 4.73a 25a 357a 138pb 27.1a 523a 793a 653a
Mowftillage  25.0a 5.58a 4.48a 34a 410a 142b 240a 585a 828a 718a
Weeding 22.3a 524a 3.45a 22a 327a 108b 395a 458a 85.0a 544a
M.D.S. 5.81 0.72 351 2.2 23.8 8.3 26.4 28.6 31.0 27.28
C.V. (%) 10.92 6.09 37.80 4116 2864 2529 4016 2351 16.56 19.18

* Numbers followed by the same letter, in the vertical, are not significantly different, by the Tukey test, at a 5%
significance level; M.D.S.= minimum difference for significance; C.V.= coefficient of variation; SB= soil basis;
SBS= soil basis saturation.

1973; Koller et al., 1977; Santonini & Silva, 1995).

The soil chemical analysis of the orchard inter-rows (Table 3) showed that the
nutrient content for both depths analyzed was not influenced by the soil management.
The use of A. prostrata and mowing/tillage had a positively significant effect on soil
organic matter content at the depth of 0-20cm in relation to the rest of the treatments,
reflecting the good contribution in green matter given by these treatments. The organic
matter content increased from 29.2g dm®, at the beginning of the experiment, to 35.3g
dm® with A. prostrata and to 31.0g dm™® with mowing/tillage, in the 0-20cm depth
sampling. The treatments with I. campestris and ‘mucuna maintained approximately the
same content, whereas the permanently bare soil by hand weeding had the organic matter
content reduced in relation to initial conditions. For the 20-40cm sampling depth there
were no differences between the treatments, but with a tendency to repeat the outcome
presented by the upper layer. The increment in soil organic matter was also observed in
citrus orchards by Koller et a. (1977) with mowing natural vegetation, and by Silva
(1995) with seven annual leguminous species. Thus, the adequate use of ground covers
in an orchard can contribute to the sustainability of the productive system. Soil organic
matter is one of the factors that can be used to evaluate the maintenance, in the long run,
of the soil chemical and physical factors that give conditions for the maintenance of crop
yields (Feller, 1995).

The yield performance probably reflects the root total quantity, that was not
affected by the soil management systems (Table 1). However, in terms of distribution
(Figure 1A), the treatment with A. prostrata differed from the rest in the first three
distances, with a higher concentration of roots up to 0.75m from the trunk. From this
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Figure 1: Root distribution of ‘Ponc& tangerine on ‘Rangpur’ lime rootstock in different
soil management systems. A) For depths. B) For the distances from the trunk.
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Figure 2. Percentage of root accumulation (%) of ‘Ponc& tangerine grafted on
‘Rangpur’ lime in different soil management systems. A) for distances from
trunk. B) for depths.

distance and up to 1.75m, this trestment continued presenting higher quantities, although
with no significant differences. This higher quantity of roots ceases abruptly at 2.25m
and no roots were found up to 3.25m. This abrupt interruption of citrus roots coincides
with the beginning of the presence of A. prostrata root system, that is very abundant and
vigorous. The data of the root distribution in depth (Figure 1B) show that no differences
were caused by the management systems up to the depth of 0.50m.

For 0.50-0.75 and 0.75-1.00m depths A. prostrata caused a deepening of the root
system, with significant differences in relation to the other treatments, except
weeding,that had an intermediate behavior. A compensatory growth occurred (Russdl,
1981) probably as aresult of a horizontal restriction caused by the intense root growth of
A. prostrata. This compensation was observed in citrus planting density trials by
Kauffman et a. (1972) and by Castle (1980), with a higher concentration and depth of
roots in dense planting spacings, compensating in this way the smaller available area of
soil. This mechanism can be explained in terms of source-sink relationship and the action
of growth inhibitors (Russel, 1981; Drew, 1990).

Sixty to seventy percent of the root system was present up to the distance of 1.0 m
from the trunk when A. prostrata and |. campestris were used. In the rest of the
treatments this same percentage was reached at a distance of 1.5m (Figure 2A). In terms
of depth (Figure 2B), most of the root system (from 60 to 70%) of the plants were found
at 0-0.50m, with exception of the treatment with A. prostrata, that did not follow the
pattern with a deepening of the plant root systems. At this depth the roots reached
47.2% of the total, and 71.5% at the depth of 0.75m.



Conclusions

1) Soil management treatments did not significantly influence the total quantity of roots,
yield, nutritional status and fruit quality of ‘Ponc& tangerine in Londrina, PR, but there
was a tendency of higher yield in the mowing treatment in wet season and tillage in the
dry season.

2) Soil organic matter content in the 0-20cm layer increased significantly with A.
prostrata and mowing/tillage treatments.

3) Root system distribution was significantly different among treatments:. the presence of
perennial leguminous plants in the inter-rows limited the presence of citrus roots to the
region of the profile where roots of the cover plants were absent. This was compensated
by a significant increase in the citrus root system deepening in A. prostrata treatment.

Bibliography

ATKINSON, D. The distribution and effectiveness of the roots of tree crops.
Horticultural Reviews, v. 2, p. 424-490, 1980.

BOHM, W. Methods of studying root systems. Berlin: Springer-Verlag, 1979. 188 p.
(Ecological Studies, 33).

BOUMA, D.; McINTYRE, G.A. A factoria field experiment with citrus. Journal of
Horticultural Science, v. 38, p. 175-198, 1963.

CALEGARI, A. Leguminosas para adubacao verde de verao no Parana. Londrina:
IAPAR, 1995. 118p. (IAPAR. Circular, 80).

CASTLE, W.S. Fibrous root distribution of ‘Pineapple orange trees on Rough Lemon
rootstock at three tree spacings. Journal of the American Society of
Horticultural Science, v. 105, n. 3, p. 478-480, 1980.

CASTRO, O.M. de; LOMBARDI NETO, F. Mangjo e conservacéo do solo em citros.
Laranja, v. 13, n.1, p. 275-305, 1992.

CINTRA, F.L.D.; NEVES, C.S.\V.J. Aspectos metodolédgicos do estudo do sistema
radicular de plantas perenes através de imagens. Boletim Informativo da
Sociedade Brasileira de Ciéncia do Solo, v. 21, n. 3, p. 91-94, 1996.

CRESTANA, S.; GUIMARAES, M.F.; JORGE, L.A.C.; RALISCH, R. TOZZI, C.L.;
TORRE, A.; VAZ, C.M.P.; Avdiacéo da distribuicdo de raizes no solo auxiliada por
processamento de imagens digitais. Revista Brasileira de Ciéncia do Solo, v. 18,
p. 365-371, 1994.

DREW, M.C. Root function, development, growth and mineral nutrition. In: LYNCH,
JM. The rhizosphere. John Wiley & Sons, Chichester, 1990. cap. 3, p. 35-57.
FELLER, C. Lamatiere organique du sol et la recherche d'indicateurs de la durabililité
des sistémes de culture dans les régions tropicaes semi-arides et subhumides
d Afrique de I'Ouest. In: GANRY, F.; CAMPBELL, B. (eds) Sustainable land
management in African semi-arid and subhumic regions. Montpellier: CIRAD,

1995. p. 123-130.

HIROCE, R.; GALLO, JR.; TEOFILO SOBRINHO, J; POMPEU JUNIOR, J.
Influéncia de porta-enxertos na composicdo mineral das folhas e das frutas de
laranjeira ‘Vaéncia e tangerina ‘Poncd. In: CONGRESS OF THE TROPICAL
REGION, 29., 1981, Campinas. Proceedings... Campinas. American Society of
Horticultural Science, 1981. p. 155-162.



KAUFMANN, M.R.; BOSWELL, SB.; LEWIS, L.N. Effect of tree spacing on root
distribution of 9-year old ‘Washington" navel oranges. Journal of American
Society of Horticultural Science, v. 97, n. 2, p. 204-206, 1972.

KOLLER, O.C.; BARRADAS, C.I.N.; PEREIRA, A. Efeito de dois sistemas de manegjo
do solo sobre a producdo de duas variedades de laranjeira doce Citrus sinensis Osb.
In. CONGRESSO BRASILEIRO DE FRUTICULTURA, 4., 1977, Savador.
Anais... Salvador: Soc. Brasileirade Fruticultura, 1977. p. 183-190.

MUSTAFFA, M.M. Effects of orchard management practices on yield, quality and leaf
nutrient content of Coorg mandarin. Journal of Horticultural Science, v. 63, n.4,
p. 711-716, 1988.

NEGRI, JD. de Préticas culturais para 0 aumento da produtividade dos citros. In:
SIMPOSIO DE CITRICULTURA, 3., 1988, Jaboticabal. Anais... Jaboticabal:
FUNEP, 1988. p. 205-219.

NILO GONZALEZ, M.G.; NEVES, C.SV.J. Mango de solo e sua influéncia sobre a
producéo e qualidade dos frutos nas primeiras safras de tangerineira “ Ponkan” (Citrus
reticulata Blanco). Revista Brasileira de Fruticultura, v. 14, n. 2., p. 71-77, 1992.

PASSOS, O.S.; CUNHA SOBRINHO, A.P. da; COELHO, Y. daS. Mango do solo em
pomar de citros. In: CONGRESSO BRASILEIRO DE FRUTICULTURA, 2., 1973,
Vigosa. Anais... Vigosa: Soc. Bras. de Fruticultura, 1973. v.1, p. 249-256.

REUTHER, W. The citrus industry. Riverside: Univ. of California, 1973. v. 3, cap.
9, p.280-337: Climate and citrus behavior.

RODRIGUEZ, O. Problemas de ervas daninhas em pomares citricos do Estado de Séo
Paulo. In: CONGRESSO NACIONAL DE BOTANICA, 20., 1969, Goiania.
Anais... Goiania: Sociedade Botanica do Brasil, 1969. p.19-23.

RUSSEL, R.S. Plant root systems - their functioon and interaction with the soil. In:
RUSSEL, R.S,;; IGHE, K.; MEHTA, Y.R. The soil/root system in relation to
brazilian agriculture. Londrina: Fund. Inst. Agron. do Parana, 1981. p. 3-19.

SANTINONI, L.A.; SILVA, N.R. Crescimiento, produccién y maduracion del
mandarino cominn bagjo diferentes practicas de mangjo de suelo. Horticultura
Argentina, v. 14, n. 36, p. 5-11, 1995.

SILVA, JA.A.da. Consorciacdo de Adubos Verdes na cultura de citros em formagéo.
Piracicaba, 1995. 116p. Dissertagdo (M.S.) - Escola Superior de Agricultura “Luiz
de Queiroz”, Universidade de S&o Paulo.

VASCONCELLOS, H. de O.; ARAUJO, C.M.; BRITTO, D.P.P. de S. Mangjo do solo
em pomar de laranja Pera (Citrus sinensis). Pesquisa Agropecuaria Brasileira, Sér.
Agron., v. 11, p. 43-48, 1976.

Key words: Citrus, soil management, ground covers, yield, fruit quality, root system.
Mots clés: Citrus, gestion du sol, plantes de couverture, production, qualité des fruits,
systeme racinaire.



