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What is already known on this subject?

portant effects on root structure, root hormone con-
tents, yield, and fruit quality of apple trees in dwarf 
apple cultivation.

roots, thereby providing more nutrients for plant 
growth and development, ultimately improving fruit 
yield and quality of apple trees. 

What is the expected impact on horticulture?

interstocks is of great importance to dwarf apple cul-
tivation, and this study will provide reference data 
and technical support for dwarf apple cultivation.

  Summary
This study investigated how the planting depth 

tribution, root hormone contents, yield, and fruit 
quality of ‘Red Fuji’ apple (Malus domestica Borkh.) 
trees in a semi-arid region on China’s Loess Plateau. 
Three-year-old plants of the apple cultivar ‘Changfu 

ferent planting depths, i.e., 5, 10, 15, 20, and 30 cm. 

tributed in the soil layers above 40 cm, 13.5–41.6% 
more than those in the other treatments. Total 
number and dry weight of roots were respectively 
18.3–33.2% and 11.2–68.4% greater in the 15-cm 
treatment, corresponding to the higher fruit yield, 
greater single fruit weight, and improved fruit 

and color. Among different treatments, planting 

highest contents of growth-promoting hormones 
(indole-3-acetic acid, IAA; zeatin riboside, ZR; and 
gibberellic acid, GA3) but less growth-inhibiting ab-
scisic acid (ABA) and lower (IAA + GA3 + ZR) / ABA 
ratio in roots, all of which facilitated the stimulation 
of root growth. The results indicated that plant-

thereby providing more nutrients for plant growth 
and development, ultimately improving fruit yield 
and quality of apple trees. 
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Introduction
Dwarf apple cultivation has become a global trend in ap-

and Yang, 2006; Li et al., 2010). In China, due to the lack of 
dwarf rootstock, dwarfed interstocks is the main rootstock 
types in dwarf apple cultivation, more than 90%. Selecting 

of great importance to dwarf apple cultivation. Late-stage 
overgrowth or early-stage weak growth of many dwarf 
trees is commonly related to the improper planting depth 

Thus, studying the impacts of planting depth of dwarf-
ing interstocks on root structure, root hormone contents, 
yield, and fruit quality of apple trees has great implications 
for dwarf apple cultivation. 

Roots are the major organ system through which plants 
absorb nutrients and resources from the soil environ-
ment. Nearly all the physiological functions of roots are 

al., 2001; Schenk, 2005; Fan and Yang, 2006; Gan and Liu, 

tor for plant growth and development in fruit trees. Chen et 
al. (2002b) found that the roots of dwarf ‘Fuji’ apple trees 
were vertically distributed mainly in the soil layers above 

a planting depth of 15 cm, the number and dry weight of 
roots of dwarf ‘Fuji’ apple trees were increased while the 
yield was improved. 

Additionally, Jia et al. (1991) assessed the effects of 

centrated the root distribution in the upper layer of soil. Ma 
et al. (2010) considered that in the case of excessively deep 

soil can easily root and the tree tends to become vigorous; 

stocks such as M26 are prone to sunscald or cold damage, 
easily causing plant diseases in the tree branches. 
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Thus, it is generally required to keep the joint between 
scion and rootstock at 5–10 cm above the ground, with 
shallow hilling after transplanting. 

interstocks for apple trees has mainly focused on deep 
planting while few studies have compared different plant-
ing depths to assess their impacts on fruit yield and quality 
(Koike et al., 1988). In particular, less is known about how 

-
dogenous hormone contents in roots of apple trees (Liu et 

-

root growth, vertical root distribution, and root hormone 
contents, as well as the yield and fruit quality of young ap-
ple trees. The results were analyzed to determine the ap-

to provide reference data and technical support for dwarf 
apple cultivation.

Materials and methods

Study site and plant material
The present study was conducted during November 

2008 to November 2012 in an orchard of National Apple 
Industry and Technology Demonstration System (34°18’N, 
108°02’E), Guan village, Yangling, Shaanxi Province, China. 

-
tion of 525 m above the sea level. Average annual sunshine 
hour is 2,015 h and the frost-free period is 210 d. Annual 
average temperature is 12.9°C and annual average precipi-
tation is 635–663.9 mm. 

In this text, plants are described as scion/interstock/
rootstock combinations. For example, a tree comprised of a 
‘Fuji’ (Malus domestica Borkh.) scion grafted onto an M.26 

M. sieversii 

The interstock M.26 were propagated by layering and the 

wild apple  trees were planted at different depths. The in-
terstock was 30 cm in length. Row spacing was 4 m and 
plant spacing was 2 m. All plants were irrigated regularly 
under consistent management, including weeding with 
white clover (Trifolium repens L.) and fertiliser by inte-
grated management of water and fertilizer. The soil texture 
is dark loessial soils with an average pH of 7.5. The average 
soil organic matter, available nitrogen, available phospho-
rus, available potassium, is 15.13 g kg-1, 77.7 mg kg-1, 15.37 
mg kg-1, 179.1 mg kg-1, respectively.

Experimental design
-

stocks (the junction between rootstock and interstock) 
-

ing depth were chosen for different treatments (n=175 in 

i.e., 5 cm (I), 10 cm (II), 15 cm (III), 20 cm (IV), and 30 cm 
(V). There were 35 trees in every group, each group had 

Survey of vertical root distribution
Vertical root distribution was surveyed using a ditch 

method according to Qin et al. (2006). A vertical soil pro-

-
lar to horizon at approximately 60 cm away from the trunk 
and then divided small grids (20 cm x 20 cm). Roots were 

and >5 mm. The number of roots in each diameter class was 
counted in every grid. 

Block sampling of soils (20 cm x 20 cm x 20 cm) was 

60 cm from the midline of trees, and at a depth of 20, 40 and 
60 cm. Roots were separated by sieving the clods and then 
rinsed. The number and dry weight of roots in different  
diameter classes were determined in three soil layers at 20 
cm interval. 

Determination of root hormone contents
Fine root samples were collected from different treat-

ments monthly during July to October in 2012. The sam-
pling was conducted at 8:00 am–11:00 am and roots were 
sampled from three soil layers at 20 cm interval, each re-
peated 15 times. The samples were taken to the laboratory 
in an ice box and then immediately stored at -70°C. Endoge-
nous hormone contents in roots, including indole-3-acetic 
acid (IAA), zeatin riboside (ZR), gibberellic acid (GA3), and 

-
zyme-linked immunosorbent assay (ELISA) method (Zou et 
al., 2006). For ELISA, a microtiter plate (Costar, USA) was 

3 h at 37°C. After washing four times with phosphate-buff-
ered saline (PBS) by an automated plate washer (Wellwash 
4 MK2, Thermo, Vantaa, Finland), the plate was blocked 

37°C. After the plate had been washed with PBS with 0.1% 

standard in PBST contain 0.5% (w/v) gelatin (PBSTG) were 

were then incubated for 0.5 h at 37°C. The unbound anti-
body was removed by washing the plates four times with 
PBST. After incubation of the plates for 0.5 h at 37°C, 200 

-
STG was added to each well. Plates were then washed with 

-

of 2 M H2SO4. Absorbance was read at 492 nm in the mi-
croplate reader (Multiskan MK3, Thermo, Vantaa, Finland).

Assessment of fruit yield and quality
Fruits were randomly collected from each tree in four 

directions (east, west, south, and north of the canopy; one 
in each direction) on October 18 of 2012. 4 fruits per tree 
were harvested, and totally 700 fruits were obtained for 
laboratory analysis of fruit quality, and the yield per plant 
was measured during harvest. There were 140 fruits in 

-
licate had 28 fruits. Single fruit weight was measured by 
gravimetric analysis. The size (vertical and horizontal 
diameters) of fruits was measured using a digital vernier 
caliper (DL91150, Deli Tools (Yu Yao) Co., Ltd., Zhejiang, 

15-type fruit texture analyzer (Guss Manufacturing Ltd., 
Strand, South Africa), with a diameter probe of 5 millime-
ter (mm), a penetration depth of 5 mm. One mm thick sliced 
peel from 2 opposite sides of the fruit was used for these 

-
ness (kg cm-2). Soluble solids content was measured using 
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an YTF-J handheld ref   ractometer (Beijing Jiasi Technology 
Co., Ltd., Beijing, China). Titratable acid was determined 
using an GMK-835F digital refractometer (G-WON Hitech 
Co., Ltd., South Korea). Fruit surface color was determined 
using a CR-400 automatic colorimeter (Konica Minolta, To-
kyo, Japan). 

Statistical analysis 
The experimental results are presented as the mean 

mean separations using SPSS 17.0 software package (SPSS 
Inc., Chicago, IL, USA).

Results

Vertical root distribution in relation to planting depth 

which plants absorb nutrients from the soil environment 
and nearly all the physiological functions of roots are ac-

ments. Fine roots were mainly distributed in the soil layers 
above 40 cm, accounting for a large proportion (>80%) of 
the total number of roots. Among different treatments, the 

(92) > IV (81) > I (77) > II (72) > V (65). The largest number 

in treatments I, II, IV, and V by 19.5%, 27.8%, 13.5% and 
41.6%, respectively. The above results showed that plant-

different treatments, descending in the order of treatment 
III (104) > I (88) = IV (87) > II (80) = V (78). The largest num-

those in treatments I, II, IV, and V by 18.3%, 30%, 19.5%, 
and 33.2%, respectively. Taking into account the numbers 

conducive to promoting root growth of apple trees. This 

promoting plant growth and development. 
Table 2 summarizes root dry weight per unit soil volume 

occurred in the soil layers above 40 cm, while that in the 
40–60 cm layer declined to some extent. This result con-

in the soil layers above 40 cm. Among different treatments, 
average root dry weight per unit soil volume descended 
in the order of treatment III (0.606 mg cm-3) > I (0.545 mg 
cm-3) > IV (0.496 mg cm-3) > V (0.417 mg cm-3) > II (0.36 mg 
cm-3). The largest value of 0.606 mg cm-3 in treatment III 

Plateau, Northwest China.

  Treatment Root diameter 
(mm)

Total number 
of roots0–20 20–40 40–60

I

0–2 33±4.5ab 35±4.04bc 9±1.08a 77±3.51bc
2–5 4±0.51c 3±0.46b 2±0.54b 9±0.64c
>5 0a 1±0.33a 1±0.33a 2±0.66a

Total 37±3.43b 39±2.14c 12±0.62a 88±2.31b

II

0–2 27±2.67a 31±2.83b 14±0.81b 72±5.62ab
2–5 1±0.33a 1±0.33a 1±0.33a 3±0.53a
>5 1±0.33b 2±0.66b 2±0.66b 5±0.58b

Total 29±2.51a 34±1.25b 17±1.73b 80±3.24a

III

0–2 47±3.32c 36±1.84c 9±1.21a 92±4.16d
2–5 2±0.33b 4±0.38c 1±0.33a 7±0.47b
>5 2±0.66c 2±0.33b 1±0.33a 5±0.33b

Total 51±2.74c 42±0.69d 11±1.06a 104±3.43c

IV

0–2 34±1.05b 34±1.25bc 13±0.54b 81±4.02c
2–5 1±0.33a 1±0.33a 1±0.33a 3±0.52a
>5 0a 2±0.66b 1±0.33a 3±0.57a

Total 35±1.35b 37±1.55c 15±0.62b 87±2.71b

V

0–2 33±3.82ab 22±2.62a 10±0.81a 65±4.81a
2–5 2±0.33b 4±0.27c 2±0.58b 8±0.55bc
>5 2±0.33c 2±0.66b 1±0.33a 5±0.88b

Total 37±2.49b 28±1.31a 13±1.27a 78±3.43a
Note: Data are presented as the mean value ± standard error (n P

compared between different treatments in each soil layer.
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Northwest China.

Treatment Total root dry weight 
(mg cm-3)0–20 20–40 40–60

I 0.184±0.025bc 0.244±0.031b 0.116±0.016ab 0.545±0.037c
II 0.091±0.013a 0.148±0.045a 0.122±0.042ab 0.360±0.024a
III 0.238±0.036c 0.217±0.013ab 0.151±0.035b 0.606±0.033d
IV 0.191±0.023bc 0.215±0.036ab 0.090±0.024a 0.496±0.052bc
V 0.161±0.016b 0.169±0.023a 0.087±0.031a 0.417±0.047b

Note: Data are presented as the mean value ± standard error (n P

(I to V) in each soil layer. 

on the Loess Plateau, Northwest China.

Month Soil layer
(cm)

ABA (ng g-1 FW) IAA (ng g-1 FW)
I III V I III V

July
0–20 90.81c 83.93b 64.60a 145.88b 145.84b 86.97a

20–40 89.45b 61.02a 68.03b 106.98a 155.79c 111.76b
40–60 73.53b 64.97a 74.33c 88.12b 137.90c 81.14a

August
0–20 64.87b 63.44a 76.64b 89.31a 98.67c 90.02b

20–40 77.75c 54.60a 61.23b 70.23b 90.97c 33.52a
40–60 71.11c 56.81b 49.72a 65.75b 70.01c 25.64a

September
0–20 85.43c 67.73a 68.57b 59.58b 62.87c 25.18a

20–40 69.15c 65.50a 66.15b 25.39a 35.73c 30.27b
40–60 67.95b 58.90a 84.26c 30.01b 69.85c 26.85a

October
0–20 78.21c 67.06a 69.82b 45.42b 49.82bc 23.23a

20–40 68.27b 69.52c 67.35a 24.39a 30.75c 25.82b
40–60 50.48b 38.18a 58.17c 28.52b 30.38c 22.19a

GA3 (ng g-1 FW) ZR (ng g-1 FW)
I III V I III V

July
0–20    6.11a 7.72c 6.86b 7.11c 6.52b 6.20a

20–40 5.551a 10.33c 6.47b 5.91a 6.77c 6.06b
40–60 4.96a 9.15c 6.47b 4.09a 5.97c 5.56b

August
0–20 7.36a 7.86b 8.40c 4.37a 6.69b 4.30a

20–40 8.34b 6.50a 10.23c 6.73c 5.47a 5.73b
40–60 8.38c 6.32a 7.42b 5.32b 9.08c 4.17a

September
0–20 7.33b 7.62c 6.82a 6.20b 7.88c 4.33a

20–40 5.92a 8.84c 7.32b 4.51a 6.26b 4.57a
40–60 6.21b 7.07c 4.98a 5.61c 3.55a 5.30b

October
0–20 6.52b 6.61c 6.34a 5.78b 5.99c 3.76a

20–40 8.84b 9.23c 7.25a 3.82a 5.80c 4.92b
40–60 5.93b 6.13c 5.02a 3.62a 4.10b 4.76c

3

error (n P
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and V by 11.2%, 68.4%, 22%, and 45.3%, respectively. The 

cantly increased root dry weight.

Endogenous hormone contents in roots in relation to 

1. Endogenous hormone contents. Table 3 shows that 

exhibited a declining tendency from July to September, with 

root ABA content in the 0–20 cm soil layer was highest in 
treatment I, 90.81 ng g-1 FW, followed by that of treatment 
III, 83.93 ng g-1 FW. The corresponding values in the 20–40 
and 40–60 cm soil layers were respectively 64.97 and 61.02 
ng g-1

treatments I and V. In August, root ABA content in the soil 

III (63.44 and 54.60 ng g-1 FW) than in treatments I (64.87 
and 77.75 ng g-1 FW) and V (76.64 and 61.23 ng g-1 FW). The 
corresponding values in the 40–60 cm soil layer of differ-
ent treatments descended in the order of treatment I > III 
> V. In September, root ABA content in different soil layers 

and 58.90 ng g-1 FW; from top to bottom) than in treatments 
I (85.43, 69.15, and 67.95 ng g-1 FW) and V (68.57, 66.15, and 
84.26 ng g-1 FW). In October, root ABA content in the sur-
face and bottom soil layers (67.06 and 38.18 ng g-1 FW, re-
spectively) was lower in treatment III than in treatments I 
(78.21 and 50.48 ng g-1 FW) and V (69.82 and 58.17 ng g-1 
FW), whereas that in the middle layer followed the order 
of III > I > V. In short, root ABA content was reduced when 

to that at a planting depth of 5 or 30 cm.

ferent treatments. During July to October, the val-
ues exhibited a declining tendency over time. In 
July, root IAA content in the 0–20 cm soil layer was 
highest in treatment I, 145.88 ng g-1 FW, followed 
by treatment III, 145.84 ng g-1 FW. In the subsur-

higher in treatment III (155.79 ng g-1 FW for 20–40 
cm and 137.90 ng g-1 FW for 40–60 cm) than in 
treatments I and V. In the following three months, 
root IAA content remained higher in treatment III 
than in treatments I and V throughout the 0–60 

3 
content with different planting depths of dwarf-
ing interstock. Among different treatments, root 
GA3 content occurred at relatively high levels in 

changes in September or October. During July, Sep-
tember, and October, root GA3 content remained 
greater in treatment III than in treatments I and 

in August, higher root GA3 content was observed 
in treatment V (8.40 and 10.23 ng g-1 FW) than in 
treatments I and III in the soil layers above 40 cm, 
whereas that in the bottom soil layer was highest 
in treatment I (8.38 ng g-1 FW) and lowest in treat-
ment III (6.32 ng g-1 FW). 

ments, root ZR content generally increased from July to 
August but declined in September. In July, the highest ZR 
content in roots of the 0–20 cm soil layer was found in 
treatment I, 7.11 ng g-1 FW, followed by that in treatment 
III, 6.52 ng g-1 FW. In the lower soil layers, root ZR content 

g-1 FW) than in treatments I and V. In August, higher root ZR 
content was detected in treatments III than in treatments 
I and V for the top and bottom layers, i.e., 6.69 and 9.08 ng 
g-1 FW, respectively; the values varied in an opposite ten-
dency in the middle layer, I > V > III. In September, root ZR 
content in the soil layers above 40 cm (7.88 and 6.26 ng g-1 
FW) was higher in treatment III than in treatments I and 
V, whereas in the 40–60 cm soil layer, the highest root ZR 
content occurred in treatment I, 5.61 ng g-1 FW and the low-
est in treatment III, i.e., 3.55 ng g-1 FW. In October, root ZR 
content in the soil layers above 40 cm was also higher in 
treatment III (5.99 and 5.80 ng g-1 FW) than in treatments 
I and V, whereas in the bottom layer, the value was largest 
in treatment V, 4.76 ng g-1 FW, and smallest in treatment I, 
3.62 ng g-1 FW.

During July to October, the contents of endogenous hor-
mones capable of root growth promotion (IAA, GA3, and 
ZR) were generally higher in treatment III while ABA with 
growth inhibitory activity was less than those in the other 
treatments. Additionally, root ABA, IAA, and ZR contents 

stock, whereas GA3 content remained stable and only oc-
curred at relatively high levels in the 20–40 cm soil layer.
2. (IAA + GA3 + ZR) / ABA ratio. From July to October, the 
(IAA + GA3

layers exhibited a decreasing trend (Table 4). Among treat-

(IAA + GA3

Table 4. The (IAA+ GA3

Loess Plateau, Northwest China.

Month Depth 
(cm)

Treatment
I III V

July
0–20 1.75±0.012b 1.91±0.003c 1.55±0.008a

20–40 1.32±0.003a 2.83±0.005c 1.84±0.016b
40–60 1.32±0.002b 2.36±0.002c 1.25±0.004a

August
0–20 1.56±0.021b 1.78±0.021c 1.34±0.003a

20–40 1.10±0.008b 1.89±0.012c 0.81±0.021a
40–60 1.12±0.015b 1.50±0.006c 0.75±0.004a

September
0–20 0.86±0.013b 1.16±0.003c 0.53±0.016a

20–40 0.52±0.007a 0.78±0.009c 0.64±0.005b
40–60 0.62±0.005b 1.37±0.005c 0.44±0.002a

October
0–20 0.74±0.009b 0.93±0.007c 0.48±0.008a

20–40 0.54±0.002a 0.66±0.005b 0.56±0.004a
40–60 0.75±0.011b 1.06±0.004c 0.55±0.001a

3

zeatin ribosid. Data are presented as the mean value ± standard error (n = 5). 
P

month, means are compared between different treatments (I, III, and V) in each 
soil layer.
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III than in treatments I and V irrespective of time or soil 
layer. It is obvious that the growth condition of roots was 

depth compared to that at a planting depth of 5 or 30 cm.

Fruit yield and quality in relation to planting depth of 

1. Fruit yield. Table 5 shows that the yield per plant was 
highest in treatment III, 6.89 kg, followed by that in treat-
ment IV, 5.63 kg. The largest value of 6.89 kg in treatment 

IV, and V by 1.82, 1.97, 1.26, and 2.04 kg, respectively.
2. Exterior quality. Fruit length-to-diameter ratio had 

in the order of treatment III (272.71 g) > IV (235.11 g) > II 
(234.12 g) > V (216.51 g) > I (212.70 g). The maximum value 
of 272.71 g in treatment III was greater than those in treat-
ments I, II, IV, and V by 60.01, 38.59, 37.6, and 56.2 g, re-

interstock was planted at 15–20 cm depth, the roots could 
acquire adequate nutrients for fruit growth.

Regarding fruit color, the L* value was greatest in treat-
ment IV, 59.48, which decreased in the order of IV > I > V > 

-
ments. The b* value was also greatest in treatment IV, 22.23, 
descending in the order of IV > I > V > II > III and showing 

value was greatest in treatment III, 14.04, which varied in 

the latter four treatments. Collectively, the results showed 

III and IV compared to that in the other treatments. That 
-

cantly improved fruit color, enhanced whole fruit coloring, 

3. Intrinsic quality.
planted at different depths, soluble solids content in fruits 

III than in treatments I, II, IV and V by 9.7–12.7%, with no 

Titratable acid content in fruits decreased in the order of 
treatment I (0.44%) > IV (0.41%) > V (0.40) > II (0.38) > III 

-
mer four and the last one treatment.

Discussion
Roots are the vital organ system for water and nutrient 

uptake, growth regulation, metabolite synthesis and stor-
-

tial role in the growth and development of fruit trees (Hou 
and Wang, 2003). Koike et al. (1988) suggest that M.26 in-
terstem trees, which have been widely used in Japan, must 
be planted deeply in order to avoid burrknot formation on 
the interstem piece above ground. Our results showed that 

-
enced root distribution and growth in apple trees. In the 

distributed in the soil layers above 40 cm (Table 1), and 

-
responding to the greatest root dry weight (Table 2). These 

(2002a). Jia et al. (1991) pointed out that the higher the de-

the distribution of roots in the surface soil layer, and the 

the total roots. These authors also observed that after 

second year. In the present study, the largest number and 
the greatest dry weight of roots were obtained by plant-

planting depth of 20 cm (Table 1). Further increasing the 

mainly because poor aeration and low temperature con-

For fruit tree, roots are the major organ system syn-
thesizing endogenous hormones such as ABA, gibberellin, 
and cytokinin. Roots are also the basis and center of plant 
growth, which play a major role in regulating and control-
ling the adaption of fruit trees to the environment (Wang 
et al., 2002; Luo et al., 2008). Higher contents of endoge-
nous IAA and ZR in roots are conducive to the differenti-
ation of adventitious roots and promotion of root growth. 
Additionally, endogenous IAA is the primary hormone pro-
moting root formation and growth in apple trees (Pagnus-
sat et al., 2003; Wang et al., 2005; Tang and Yang, 2008; 
Li et al., 2010b). In the present study, we determined the 
changes in endogenous hormone contents in roots during 
two peak periods in June–July and September–November, 
respectively. Compared to the other treatments, planting 

-
tents of growth-promoting hormones (IAA, GA3, and ZR) 
but less growth-inhibiting ABA in roots (Table 3), with a 

Plateau, Northwest China.

Treat-
ment

Single fruit 
weights (g)

Length-to-
diameter

Firmness 
(kg cm-2)

Soluble solids 
content (%)

Titratable acid 
content (%)

Yield per tree
(kg)

Chromaticity
L* a* b*

I 212.70±6.18a 0.87±0.021c 6.53±0.51a 15.70±0.36a 0.44±0.003d 5.07±0.13b 56.92±1.12ab 12.87±0.54a 21.71±0.53ab
II 234.12±7.26b 0.79±0.023a 6.57±0.56a 15.80±0.42a 0.38±0.007b 4.92±0.17ab 55.69±1.38ab 13.24±0.42a 20.68±0.94a
III 272.71±6.31c 0.83±0.028b 7.35±0.62b 15.53±0.31a 0.33±0.013a 6.89±0.08d 56.32±2.33ab 14.04±0.39b 19.73±1.02a
IV 235.11±5.25b 0.83±0.024b 6.52±0.41a 15.90±0.47a 0.41±0.011c 5.63±0.16c 59.48±1.52b 13.11±0.42a 22.23±0.03b
V 216.51±6.48a 0.82±0.022b 6.70±0.73a 15.52±0.51a 0.40±0.015c 4.85±0.05a 56.61±1.86ab 13.63±0.55ab 20.76±0.82a

Note: L* presented bright degree, a * presented red and green saturation, negative value mean green, positive value was red. b* presented blue 
and yellow saturation, negative value mean blue, positive value was yellow. Data are presented as the mean value ± standard error (n = 5). Means 

P
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higher (IAA + GA3 + ZR) / ABA ratio (Table 4) during July 
to October. As the above changes coincided with the rainy 
season in the study area, increased moisture content pos-
sibly contributed to the decreases in root ABA content. 
Additionally, root ABA, IAA, and ZR contents displayed a 

stock was increased, while the GA3 content remained sta-
ble with the highest level observed in roots of the 20–40 
cm soil layer (Table 3). At this depth, roots contained more 
hormones with growth promoting activities (IAA, GA3, 
and ZR) but less hormone with growth inhibitory activity 
(ABA). Thus, planting the dwarf interstock at 15 cm could 
mostly easily stimulate root growth of apple trees. Wang et 
al. (2010) suggested that a higher (IAA + GA3 + ZR) / ABA 

stock at 15 cm resulted in the highest (IAA + GA3 + ZR) / 
ABA ratio, which would facilitate the differentiation and 
growth of roots in fruit trees. The changes in root hormone 

trees needs to be studied in future work.
Chen et al. (2002a) reported that compared to the treat-

15 cm depth resulted in increased levels of single fruit 
weight, soluble solids content, coloring rate, excellent fruit 

above fruit properties were improved to different extents 
compared to those at shallower or deeper planting depths. 

ity were better in the 15-cm treatment than in the other 
treatments (Table 5), possibly due to the following reasons. 
First, compared to the depths of 5 and 10 cm, the planting 

and thus reduced the consumption of water and nutrients 
during upward transport. As a result, the water and nu-
trients supplied to the aerial part was increased and the 
aboveground physiological activities were enhanced, ul-
timately increasing the amount of material accumulation 

could adsorb adequate nutrients and water from the soil. 
The abundance of nutrients in apple trees would enhance 
photosynthetic processes to generate more photosynthetic 
products, thereby improving single fruit weight and the 
yield.

terstocks is thus a crucial step in dwarf apple cultivation, 
which needs to take into account multiple factors such as 
climate, soil, water, fertilizer, and variety (cultivar). The 
present study indicates that for ‘Red Fuji’ apple trees, 

increase the contents of growth-promoting hormones (GA3, 

+ GA3

roots, which absorb adequate nutrients and water to sup-
port plant growth and thereby improve fruit quality. 
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