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Effect of Planting Density on Root Growth in ‘Starking Delicious’ Apple Trees Grafted on Dwarfing
and Semi-dwarfing Rootstocks

Haruyuki Kuroda* and Kazuhiko Chiba
National Agricultural Research Center for Hokkaido Region, NARO, Hitsujigaoka, Toyohira-ku, Sapporo 062-8555, Japan

The effect of planting density on root growth was studied in 11 to 13-year-old ‘Starking Delicious’ apple
trees (Malus domestica Borkh.) grafted on M.9, M.26, M.7 and MM.106 without pruning. At the 330 trees/
ha plot the root system was composed of major lateral roots with few vertical sinkers, but at the 3178 trees/
ha plot it was mainly of lateral roots. The root spread decreased as planting density increased, but the degree
of intermingling of adjacent root systems increased. At the 3178 trees/ha plot the adhesion phenomenon
between adjacent root systems was observed. The root/canopy spread ratio decreased as planting density
increased, indicating that root spread was more strongly inhibited than canopy spread by an increase of plant
density. The distribution ratio of root weight with depth was not affected by planting density, but the root dry
weight per tree in each depth decreased as planting density increased, particularly in the major (>15 mm) root
of the 0-30 cm layer. On all rootstocks, the root dry weight per tree (R) decreased as planting density (p)
increased. The relationship between R and p could be represented by the reciprocal equation: 1/
R =Agp+Br—(1), where Ay and By are the coefficients depending on the tree age and rootstock. The
relationship between root dry weight per tree (R) and trunk cross-sectional area (0) could be represented by
the relative growth equation with h > 1: R = H6"—(3), where H is the coefficient depending on rootstock. The
root dry weight per hectare in each depth increased as planting density increased, and the increase was markedly
in the fine (<1 mm) and small (1-5 mm) roots. On all rootstocks, the root dry weight per hectare (R) increased
as planting density (p) increased. The relationship between R and p well fitted the theoretical equation obtained
from R = HB" (equation 3), 1/6 = Ap + B (equation 4) and R = Rp (equation 5): R = Hp/(Ap + B)"—(6), where
A and B are the coefficients depending on the tree age and rootstock. The planting density (PRpk) that R
becomes the maximum is given by prp=B/A(h — 1)—(7). These results indicated that root dry weight per
hectare increases as planting density increases, while it starts to decrease at the PRpk-

Key Words: apple trees, dwarfing and semi-dwarfing rootstocks, logistic theory, planting density, root
growth.
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Depth from ground (cm)

Distance between tree rows (m) Distance between tree rows (m)

. Fig. 1. Typical root system depending on planting density in 13-year-old ‘Starking Delicious’ apple trees grafted on M.7. (a), 330 trees/ha; (b), 865
trees/ha; (c), 3178 trees/ha.

Table 1. Effect of planting density on root spread, overlapping of root systems, canopy spread and root/canopy
spread ratio in 13-year-old ‘Starking Delicious’ apple trees grafted on M.7.

Ratio of root

Planting density Distance between  Root spread” Overlapping of  Canopy spread*
(treegs/ha) v tree rows (m) (rr?) root systr::I:nsg (m) p(}rln)p sprea:lptr(;:gnopy
330 5.51 5.70a" 0.19a 6.80a 0.84a
858 341 4.45a 1.04b 6.25ab 0.71ab
3178 1.77 2.90b 1.13b 4.30b 0.67b
Significance™ *x *k ** *

Values are means of two trees.

“ Calculated as: 2 x half-root spread measured from Fig. 1.

¥ Calculated as: root spread—distance between tree rows.

* Calculated as: (east-west width + north-south width)/2.

¥ Significant at the 5% (*) and 1% (**) by the F analysis.

* Different letters represent significant differences (P < 0.05) by Duncan’s multiple range test.
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Table 2. Effect of planting density on root distribution in 11-old-year ‘Starking Delicious’ apple trees grafted on M.26.

Dry wt. of root (kg/tree)*

Planting density ~ Depth from 3
(trees/ha) ground (cm) Diameter of root (mm) Root crown Total
<1 1-5 5-15 >15

623 0~ 30 1.54 1.93 2.56 5.30 2.86 14.19 ( 78.6)
30 ~ 60 0.65 1.27 0.55 0.37 — 2.84( 15.7)
60 ~ 90 0.19 0.52 0.05 — — 076 ( 42)
90 ~ 120 0.09 0.18 — — — 027( L5)

Total 2.47 (13.7) 3.90 (21.6) 3.16(17.5) 5.67(31.4) 2.86 (15.8) 18.06 (100)
1185 0~ 30 0.93 1.37 1.44 3.25 1.78 8.77 ( 76.5)
30 ~ 60 0.34 0.72 0.62 0.21 — 1.89 ( 16.5)
60 ~ 90 0.17 0.35 0.08 — — 0.60( 5.2)
90 ~ 120 0.07 0.14 — — — 021( 1.8)

Total 1.51(13.2) 2.58(22.5) 2.14 (18.6) 3.46 (30.2) 1.78 (15.5) 11.47 (100)
3178 0~ 30 0.50 0.72 0.71 1.26 0.89 4.08( 72.1)
30 ~ 60 0.25 0.30 0.23 0.17 — 0.95 ( 16.8)
60 ~ 90 0.08 0.33 0.08 — — 049( 8.6)
90 ~ 120 0.04 0.10 — — — 0.14 ( 2.5)

Total 0.87 (15.4) 1.45 (25.6) 1.02 (18.0) 1.43 (25.3) 0.89 (15.7) 5.66 (100)

Values are means of two trees.

2 Digging of root system was carried out in early June~late July, 1986. Digging area is a quadrangle enclosed by the midline between tree rows and
the midline between trees within a row. Roots were gathered from the soil at 0~30, 30~60, 60~90 and 90~120 cm dt;’pths. Roots at each depth were
divided into diameter classes (<1 mm, 1 to 5 mm, 5 to 15 mm and >15 mm) and then they were washed, dried at 80 C for one week and weighed.

¥ Values of parenthesis are the percentage of the total values.
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Table 3. Effect of planting density on trunk cross-sectional area (TCA), root dry weight per tree and per hectare in
‘Starking Delicious’ apple trees grafted on dwarfing and semi-dwarfing rootstocks.

Planting density TCA? Dry wt. of root  Dry wt. of root

Root stock Age (ys) (trees/ha) (cm/iree) per tree¥ (kg/tree) per hectare* (t/ha)
M.9 12 623 96.29a" 13.94a 8.68b
1185 82.46a 10.73a 12.72ab
3178 52.34b 5.52b 17.54a
Significance™ * * *
M.26 11 623 144.60a 18.06a 11.25b
1185 102.95ab 11.47b 13.59b
3178 60.00b 5.66¢ 17.99a
Significance * ** *
M.7 13 330 282.56a 50.03a 16.51¢
623 211.75b 38.02b 23.69¢
1185 160.19b 25.51¢ 30.23b
3178 96.27¢ 13.41d 42.62a
Significance ** ** *k
MM.106 12 330 242.30a 41.01a 13.53b
623 190.97ab 31.25b 19.47ab
1185 151.29b 22.45¢ 26.60a
3178 66.40c 8.62d 27.39a
Significance * *k *

Values are means of two trees.

z Measured at 20 cm above the graft union in October of 1985 for trees on M.26, 1986 for trees on M.9 and MM.106
and 1987 for trees on M.7.

¥ Digging of root system was carried out in June—July 1986 for trees on M.26, June—July 1987 for trees on M.9 and
MM.106 and June 1988 for trees on M.7. At each planting density digging area and depth are the same as Table 2.

* Calculated as: root dry weight per tree x planting density.

¥ Significant at the 5% (*) and 1% (**) by the F analysis.

v Different letters represent significant differences (P < 0.05) by Duncan’s multiple range test.
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Fig. 4. Relative growth relationship between root dry weight per tree
(R) and trunk cross-sectional area (8) in ‘Starking Delicious’
apple trees grafted on M.9, M.26, M.7 and MM. 106. The symbols
are the same as Fig. 3. ** Significant at the 1% level.

Table 4. Characteristic values of logistic growth of root dry weight per tree and trunk cross-sectional area (TCA), and relative growth of root dry

weight per tree in ‘Starking Delicious’ apple trees grafted on dwarfing and semi-dwarfing rootstocks.

Rootstock Age (ys) AgR* Bg* HY hY AX B*
M.9 12 0.0000432 0.0436 0.0141 1.5067 0.0000034 0.0082
M.26 11 0.0000468 0.0286 0.0256 1.3181 0.0000037 0.0049
M.7 13 0.0000190 0.0148 0.0462 1.2442 0.0000023 0.0031

MM.106 12 0.0000326 0.0108 0.0538 1.2080 0.0000039 0.0026

z Coefficients in the reciprocal equation (1) between reciprocal of root dry weight per tree and planting density.
¥ Coefficients in the relative growth equation (3) between root dry weight per tree and TCA.
* CoefTicients in the reciprocal equation (4) between reciprocal of TCA and planting density.
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Fig. 5. Effect of planting density on vertical root distribution in 11-
year-old ‘Starking Delicious’ apple trees grafted on M.26. Based
on the data shown in Table 2, root dry weight per hectare at each
depth was calculated as: root dry weight per tree at each
depth x planting density. (a), 623 trees/ha; (b), 1185 trees/ha; (c),
3178 trees/ha.
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Fig. 6. Relationship between root dry weight per hectare (R) and
planting density (p) of 12-year-old ‘Starking Delicious’ apple
trees grafted on M.9 (O) and MM.106 (A). The log R~log p
relations on each rootstock are well fitted by the curves given by
R =Hp/(Ap + B)" (equation 6).
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