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DISTRIBUTION OF ROOT SYSTEM AT APPLE CV. GRANNY SMITH
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This paper analyses the distribution of root systems of nine dwarf apple rootstocks (M.9 T 984, M.9 T 337,
Jork 9, Mark 9, Budagowski 9, M.9 EMLA, Pajam 1, Pajam 2 and Supporter 4). All rootstocks were grafted with
apple cultivar Granny Smith. The study was performed in the experimental orchard established in the Prespa region
(Resen, R. Macedonia). The experimental orchard was established in 2004, with a planting distance 3.5 m x 1.5 m. At
the end of the 7" growing season following characteristics were evaluated: length and weight of the fine (fibrous) and
coarse roots, and depth distribution of the root system. Among the evaluated rootstocks statistically significant differ-
ences in total length of the fine roots were not found. Between different rootstocks the results for total length of
coarse roots showed more variability. In general, even 89% of the total length of root system belonged to fine roots,
and the highest percentage (35%) was located at depths of 20 to 40 cm. Trees grafted on Mark 9 rootstock had the
highest value for total root length, while the smallest values were registered on those grafted on Pajam 1 rootstock.
Trees grafted on Supporter 4 rootstock had the greatest weight of the root system, while the smallest one was found
on rootstock Budagowski 9.
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INTRODUCTION of root systems of apples directly depends on the
planting distance and the type of the rootstock.
According to Fante Junior et al. [7] the as-
sessment of such factors as the volume of soil ex-
plored, root length and root activity is a difficult
task, and great difficulties are encountered in any
sampling technique, including the time spent, lim-
ited information obtained and great variability of
results. According to Vasconcelos et al. [8] a per-
fect method for evaluating roots does not exist be-
cause the suitability of a method for the evaluation
of the root system depends on the in situ conditions.
The ratio between the tree root system and
the aerial system in grown fruit trees is relatively
constant within the same soil, regardless of the cul-
tivar and rootstock. In general, the tree root is ap-
proximately 25-30% of the total tree mass in inten-
sive orchards [9], and most of the roots are distrib-

The root systems of fruit trees have a heredi-
ty-determined pattern. However, the some environ-
mental factors like soil, climate, presence of a shal-
low hard rock or groundwater, as well as the cultural
practices applied, can induce important changes in
the root system distribution in soil [1-3].

Knowledge of the quantity, quality and dis-
tribution of roots is useful in agricultural produc-
tion to provide information on the location of ferti-
lizer application, tree spacing, intercrops, soil man-
agement and irrigation [4]. The development of
root system is primarily affected by its origin (root-
stock and variety combination), soil and climate
conditions, and applied cultural practices. Atkinson
et al. [5] and Atkinson [6] point out that the length
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uted within the 25-100 cm depth in temperate cli-
mate and mineral soils [10].

According to De Silva et al. [11] the main
component of the root system of trees are fine roots
(diameter < 2 mm) through which trees made the
absorption of water and nutrients.

The objective of this study is to show the ef-
fects of various dwarfing apple rootstocks on distri-
bution of the root system of Granny Smith apple cul-
tivar under the specific conditions of the apple grow-
ing region of Prespa, South-Western Macedonia.

MATERIAL AND METHODS

The research was carried out in the experi-
mental orchard located in the South-Western part of
the Republic of Macedonia (Region of Lake Pres-
pa). According to Scheffer’s and Schachtschabel’s
classification, the soil is a texture class clay loamy
soil, which is characterized by a very suitable tex-
ture. The root system distribution of the rootstocks
M.9 T 984, M.9 T 337, Jork 9, Mark 9, Buda-
gowski 9, M.9 EMLA, Pajam 1, Pajam 2 and Sup-
porter 4 was evaluated using the scion cultivar
Granny Smith. The trees were planted in 2004 at a
spacing of 3.5 m x 1.5 m and were trained to slen-
der spindle system. The experiment has been ar-
ranged in randomized block design with four repli-
cations of five trees per plot. The orchard is
equipped with drip irrigation system. The study was
carried out in 2010 (the 7™ growing season). The
development of root system, its length and weight
was determined by digging of the model trees, ac-
cording to the method of trench. From each differ-
ent rootstock, 4 representative trees with similar

vigor of the crown were selected. From each tree
the digging of % of the total predicted area of the
root system, differently positioned, was done. The
size of the trench was 1,25 m x 0,75 m, or a half of
the distance between rows and a half of the distance
between the trees. The distribution and develop-
ment of the root system were followed at 3 differ-
ent depths: from 0-20 cm; 20-40 cm and 40-60
cm.

The differences between rootstocks were
evaluated by ANOVA analysis through General
Linear Model (GLM) procedure. After GLM anal-
yses, post hoc comparison of means was calculated
by LSD. Results were expressed at the P < 0.05
level of significance.

RESULTS AND DISCUSSION

In Table 1 and Figures 1 and 2, the data of
the length and distribution of the root system in the
evaluated rootstocks are given. By analyzing the
data on the length and distribution of the root sys-
tem in the evaluated rootstock (Table 1, Figure 1,
Figure 2), it can be concluded that there were no
statistically significant differences in the total
length of the fine roots between the evaluated root-
stocks. The largest length of the fine roots was rec-
orded in the rootstock Mark 9 (23947.2 cm), and
the lowest in the rootstock Pajam 1 (15270.4 cm).
A greater variability between rootstocks was ob-
served in the length of the coarse roots (> 3 mm).
The highest value for the total length of coarse
roots was measured in the rootstock Supporter 4
(3617.6 cm). It was statistically significantly higher
than in the rootstock Budagowski 9 (1017.6 cm).

Table 1. Length of the root system of different dwarfing rootstocks in Granny Smith apple trees (cm)

Soil depth (cm)

Rootstock Fine roots (< 3 mm) Coarse roots (> 3 mm)
0-20 20-40 40-60 Total 0-20 20-40 40-60 Total

M.9 T 984 6030.4° 10273.6°  4584.0°  20888.0° 435.2%¢  1417.6%  600.0™ 2452.8%®
M.9 T 337 7814.4%  8009.6°  5467.28 21291.22 1236.8% 1086.4®  577.6™ 2900.82
Jork 9 8785.6%  9433.6° 5092.8% 23312.0° 1051.2%° 1534.4%  489.6™ 3075.22
Mark 9 12672.00  7363.2°  3912.0*° 23947.2% 1033.6%° 1486.4%®  486.4 3006.42
Budagowski 9 5604.8°  6124.8°  4945.6% 16675.2% 280.0¢ 560.0° 177.6° 1017.6°
M.9 EMLA 6812.8%  10088.0°  5756.8° 22657.6°  484.8°¢ 1200.0®  1403.2° 3088.02
Pajam 1 5044.8>  5843.28  4382.4% 15270.4%  529.6°¢  708.8% 1115.2% 2353.6%
Pajam 2 5926.4>  6585.6°  4611.2% 17123.2%  667.2%  1489.6%°  737.6%C 2894 .42
Supporter 4 8166.4%  8216.0° 6171.2° 22553.6° 1110.4%®  1640.0° 867.2%° 3617.6°
Average 7428.6 7993.1 49915  20413.2 435.2 1417.6 600.0 2452.8

Values followed by the same letter in a column were not statistically different according to LSD test (P < 0.05).

Contributions, Sec. Nat. Math. Biotech. Sci., MASA, 39 (1), 69-74 (2018)



Distribution of apple trees root system on different dwarfing rootstocks

71

length of the fine and coarse roots was recorded at a
depth of 20 to 40 cm, with average values of 7993.1

cm,

the results of Arsov [11] who examined the distri-
bution of the roots of the Jonagold apple variety
grafted on M9 rootstock.

Length (cm)

Length (cm)

In all the examined rootstocks, the largest An exception to this statement is the data for

the fine roots of the Mark 9 rootstock. The root
length at the depth from 0 to 20 cm was greater in

and 1417.6 cm, respectively. It is in line with  relation to the length at the depth from 20 to 40 cm
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Figure 1. Vertical distribution of the fine roots of different dwarfing rootstocks in Granny Smith apple trees
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Figure 2. Vertical distribution of the coarse roots of different dwarfing rootstocks in Granny Smith apple trees
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(Figure 1). These data correlated with literature
data that indicate a shallow development of the root
of this rootstock and its susceptibility to drought.
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According to the data on distribution of dif-
ferent types of roots in different soil depths (Figure
3), it can be concluded that even 89% of the total
length of the root system belongs to the fine roots
and the largest percentage of them (35%) was lo-
cated at a soil depth of 20 to 40 cm.

The data on the weight of the fine and coarse
roots of the evaluated rootstocks, depending on the
depth of the soil layer are given in Table 2. In all
evaluated rootstocks the highest weight of the fine
roots was registered at soil depths between 20 and
40 cm, except in the rootstock Mark 9 where
weight of the fine roots in the first soil layer was
higher. The highest total weight of the fine roots
was found in Jork 9 rootstok (347.9 g), while the
smallest one was found in Pajam 1 rootstok (182.3
g). Statistically significant differences between the

O<3mm 0-20 cm

O>3 mm 0-20 cm

3%

rootstocks concerning the total weight of the fine
root were not detected.

Expectedly, the highest weight of the coarse
roots in all evaluated rootstocks was found at the
depth of the soil layer from 0 to 20 cm, which on
average was 349.8 g. According to the total values,
the Supporter 4 rootstock had the highest weight of
coarse roots (1344.4 g), statistically significantly
higher than those in the Budagowski 9 rootstock,
which had the lowest value (146, 7 g) for this pa-
rameter.

According to Arsov [12], the total weight of
the fine roots in M9 rootstock grafted with Jonag-
old apple variety growth on the planting distance of
4 x 1.5 m was 573.6 g, and of the coarse roots it
was 2397.4 g. This data correlates with the data
obtained in this research.

B<3mm20-40cm 0O< 3 mm 40-60 cm

B>3mm20-40cm B> 3 mm 40-60 cm

Figure 3. Length and depth distribution of total root system on various dwarfing apple rootstocks
in Granny Smith apple trees

Table 2. Weight of the root system of different dwarfing rootstocks in Granny Smith apple trees (g)

Fine roots (< 3 mm)

Coarse roots (> 3 mm)

Rootstock Soil depth (cm)
0-20 2040  40-60 Total 0-20 20-40 40-60 Total

M.9 T 984 89.42 148.52 52.32 290.22 148.2°  333.82  124.2%¢  606.2%®
M.O T 337 108.5% 128.22 67.12 303.78 737.02 351.12 65.7% 1153.78
Jork 9 136.6% 151.02 60.32 347.8%  253.6%  436.0° 56.9°  746.6®
Mark 9 165.12 105.00  40.7° 310.7¢  276.4®  308.8° 87.5c  672.7%
Budagowski 9 60.7° 93.00  42.5° 196.12 96.0% 32.7° 17.9° 146.7°
M.9 EMLA 89.6% 126.78 75.28 291.52 98.1>  333.22 276.7%  708.0%®
Pajam 1 52.9° 63.92 65.52 182.3%  345.8®  173.7%  184.1%c  703.7%®
Pajam 2 84.2% 102.92 67.92 255.08  509.3%  451.6%  188.2%¢  1149.12
Supporter 4 120.7% 112.92 75.42 309.02 683.78  456.3° 204.4® 134447
Average 100.9 114.7 60.7 276.3 349.8 319.7 133.9 803.4

Values followed by the same letter in a column were not statistically different according to LSD test (P < 0.05).
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CONCLUSIONS Lucr. St. ICPP, X, Pitesti, Romania, (1983), pp.
137-142.

The mass and the length of the root system, [4] A. A. Fracaro, F. M. Pereira, Distribui¢do do
and its horizontal and vertical layout are important sistema radicular da goiabeira ‘Rica’ produzida a
elements in determining the planting distance, as partir de estaquia herbacea, Revista Brasileira de

well as for applying agro-technical measures in the Fruticultura, v. 26, n. 1 (2004), pp. 183-195.
orchard. [5] D. Atkinson, D. Naylor, G. A. Coldrick, The effect
Between the nine economically most im- of tree spacing on the apple root system, Horticul-

portant rootstocks evaluated in Prespa region statis- ture Research, 16 (1976), pp. 89-105.

tically significant differences were not found . The [6] D. Atkinson, The Distribution and Effectiveness of
highest root length in all investigated rootstocks the Roots of Tree Crops, Hort. Rev., 2, (1980), pp.
was found at the soil depths between 20 and 40 cm. 424-490.

An exception to this is the root system of the trees [7] L. Fante Junior, K. Reichardt, L. A. C. Jorge, S.
on Mark 9 rootstock where the highest length was Crestana, Distribui¢do do sistema radicular do
found at the first soil depth (0-20 cm). Total root milho em terra roxa estruturada latossélica: I.
lengths were the highest in the trees on Mark 9, Comparagio de metodologias, Scientia Agricola,
Supporter 4 and Jork 9 rootstocks, while the lowest V. 51,1n. 3 (1994), pp. 513-518.

values were registered in the trees on Pajam 1 and  [81 A. C. M. Vasconcelos, A. A. Casagrande, D.
Budagowski 9 rootstocks. The trees grafted on Zir:l(;;néoLdoAs\i'st;:rﬁa\]ro;c?féulgf' daGéa I’f‘a'_ d«l,:-in?iilat
Supporter 4 had the highest weig_ht of coarse roots, por dfferemes métodos, Revista Brasileirgl de
while the lowest one was found in the trees grafted Ciéncia do Solo, v. 27, n. 3, (2003), pp. 849-858.

on Budagowski 9 rootstock. [91 M. M. Westerwood, Temperate-Zone Pomology,

Freeman & Company, W. H., 1978, New York.
[10] A. Negrila, Pomology, Didactica si Pedagogica,
Bucharest, 1971.
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JAUCTPUBYIINJA HA KOPHOBHOT CUCTEM KAJ COPTATA JABOJIKO T'PEHU CMUT
KAJIEMEHA HA PA3JIMYHU CJIABOBYJHU IIOAJIOT'

Buxrop I'amosexn'”, Mapjan Kunpujanoscku?, Tomo Apcos?

3emjonencku uncruryt, Yuusepsurer ,,Cs. Kupun u Metoauj“, Ckonje, Perny6nuka Makemonuja
dakynreT 3a 3eMjOJeJICKH HAyKH U XpaHa, Y HuBep3ureT ,,Cs. Kupnn u Meroauj®,
Ckorje, Penyoninka Makenonuja,

Bo Tpyzmot ce coapikaHU pe3ynTaTHTE O] CHOPEIOCHN NCIIUTYBamka Ha JeBeT cIabo0yjHH MoIIorH 3a jabosko
(M.9 T 984, M.9 T 337, Jork 9, Mark 9, Budagowski 9, M.9 EMLA, Pajam 1, Pajam 2 u Supporter 4), kaiemeHu Ha
copTara TpEeHH CMHUT, BO OJTHOC Ha Pa3BOjOT U AUCTPUOYIMjaTa HA KOPEHOBHOT CUCTeM. VcnuTyBamara ce H3BPIICHU
BO 7-Ta BEreTaliCcKa rOJIIiHA Ha OBOIIKHTE BO €KCIICPHMEHTAJICH OBOIITAPHUK JIOIIMPaH BO pernoH Ha [Ipecna Bo P
Maxkenonuja. OBOmTapHHUKOT € moaurHaT Bo 2004 romuHa, co cajiekhe Ha OBOIIKHUTE Ha pactojanue o 3,5 m x 1,5 m.
Bea eBamympanu cieqHHTE KapaKTEPHCTHUKHU: JOJDKMHA M TEXHHA HAa OOpPACTyBaykwTe (BIAKHECTH) M CKEJICTHUTE
KOpeHUHba W TUCTpHOyNHja TOo JjJabovyrHa HAa KOPEHOBHOT CHCTEM. AHAJIM3UPAJKU TH JOOHMEHHUTE TOJATOILH,
3aKiIydyBaMe JIeKa ToMery HCHHUTYBAaHWTE IMOJIOTH HE MOCTOjaT CTATHCTUYKH PAa3UKM BO BKYITHATa JOJDKHMHA Ha
oOpacTyBauKuTe KOpeHUMIba. BO pe3yiaraTuTe 3a BKYIHA JOJDKMHA HAa CKEJIETHUTE KOpPeHUHma € 3abenexana
morojeMa BapujabmiIHOCT Mery moaiorure. Bo npuammn aypu 89% ox BKymHaTa IODKWHA Ha KOPEHOBHOT CHCTEM

Ipunosu, 000. dpup. maii. buotdex. nayku, MAHY, 39 (1), 69-74 (2018)
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oTnara Ha 00pacTyBayKUTe KOPEHUYHIbA, a HaJBUCOKHOT MpOLeHT (35%) KopeHunma ce Haolaat Ha anabouynHa ox 20
1o 40 cm. OBomkure Ha noanorata Mark 9 mMaar HajBHCOKa BPEOHOCT Ha BKyIHATa JOJDKMHA Ha KOPEHOT, a
HajMajiaTa OHHE KOH ce mpecaneHu Ha Pajam 1. OBomkute Ha momorata SUppOrter 4 MMaaT HajroJeMa TEeXHHA Ha
KOPEHOBHOT CUCTEM, T0JIeKa HajMaa Te:KUHa nMaat Tie Ha Budagowski 9.

Kayunu 300poBu: jaboiKo; MOI0ora; KOPSHOB CUCTEM; JUCTPHOYIIHja Ha KOPEH
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