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ABSTRACT

Older apple trees often demonstrate physiologiaaiigasonable shoot distribution due to root sysigm
ing, which results in lower fruit yield and poor fruality. Therefore this study was conducted ta tes
whether root pruning combined with arbuscular mydaaihfungi could restore growth potential of forty-
year-old Red Fuji apple treel8lélus x domesticaorkh.) in a commercial orchard in 2013, by roaining
along both sides of rows, 80 cm from the trunk, tepth of 30 cm and application of 100 ml arbuscula
mycorrhizal inoculum per plant. Results showed thatpercentage of root colonized by mycorrhizagfun
increased as root pruning was combined with arbusowaorrhizal fungi, however mycorrhizal coloniza-
tion was not seen in the control roots and rootg bylroot pruning. For control tree total numbeshbots
decreased by 28.22% in 2015 than in 2013 and shaaitdy distributed in the outer canopy accounfimgy
58.10% of the total, which caused the lower lighemsity inside the canopy, followed by lower fruitlgie
and poor fruit quality. Compared to control plasttpot reduced by 33.96 and 38.51% in the outermano
but increased by 97.99 and 123.69% in the inneomaim 2015, as well as 390.20 and 478.43% in the ve
tical height of 1.5 to 2.5 m canopy, respectiveated by root pruning alone and combined with anbus
lar mycorrhizal fungi. Root pruning alone and condal with arbuscular mycorrhizal fungi also raisegl th
relative light intensity by 38.71 and 60.26% in theer canopy in 2015, subsequent fruit yield b$.39
and 373.68% respectively, in comparison to corglaht. Shoot re-distribution improved fruit qualigych
as increase in firmness and soluble solid. Datecaidd that the effect of root pruning combined veith
buscular mycorrhizal fungi on the rejuvenation tfev apple trees was stronger than root pruningealon
It is therefore concluded that root pruning combdineth arbuscular mycorrhizal fungi can think of as
a measure to renew the older apple trees.
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INTRODUCTION

Jiaodong Peninsula is one of the main applgradually reduces, and thus fruits produced are
producing areas in China, but now individual applgenerally small, diseased or hardness. Such a tree
trees are more than 40 years old and start agirneeds to be severe cuts by which it can be brought
These trees often contain a large number of deadback into production. Generally, all the old orgar
dying limbs inside the canopy and the tree sizlimbs are removed with chainsaw and this severely
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pruned tree will produce large number of new anstill support a full canopy and in this way physigi-
vigorous shoots. cal responses can not compensate for the imbalanced
Although severe crown pruning is an accepteratio of crown to root before root replacementisit
method used for rejuvenation of the older or abahere to present an alternative scenario in whiadr po
doned apple trees at present, supposed that etren ifgrowth of pruned root is compensated for by nutrien
canopy structure is temporarily recovered, can tlor water uptake via arbuscular mycorrhizal fungi
aged root synchronously regain inherent activitaso (AMF) pathways. The promotion in uptake nutrient
to meet demands of aerial parts in water or nusi#n of host by AMF has been deeply explored and eluci-
The root/shoot-balance of a tree is characterfstic dated in previous studies [Smith and Read 2008,
a certain cultivar/rootstock-combination at a sfieci Smith et al. 2011]. Otherwise, damage to roots by
location and certain phenological stage [Sachs ROOpruning can provide an access point for the entry o
Physiologically, new shoot growth forced by crowrfungus, under this condition AMF readily establish
pruning ought to promote new root formation to resymbiosis with host. No research was seen about
gain the balance, and previous researches herejuvenation of older apple tree by combination of
demonstrated that there was a strong positive learreroot pruning and AMF, therefore this study aimed to
tion between the rate of shoot extension and rgotirtest the effect of root pruning and AMF on renewing
after crown cutting [Wilson 1999, Cameron et althe older apple trees.
2001]. Undoubtly for an older apple tree root atfiv
is generally Iqw and its root can't supply suffitie MATERIALS AND METHODS
water or nutrient to support new growth only by
crown pruning. Therefore, man-made intervention

must be fulfilled, only in this way can the shoofield site _ _ _ S
growth maintain vigorous. The experimental site was located in Yantai Insti-

Root pruning in fruit trees has a long history atute, China  Agricultural University, Yantai City,
a management practice for the reduction of excessionandong Province, China  (119°34-121°57'E,
shoot growth, mainly in apple but also in othempsro 36°16—38°23'N). Forty-year-old Red Fuiji apple sree
In several long-term experiments the main objectiMalus x domesticéBorkh.) growing in a commer-
of root pruning, the reduction of shoot growth, waci@! orchard were planted in south-north rows at
only reached in some years but not in others, ar w@ SPacing of 4.0 m between rows and 3.0 m within
not achieved at all [Ferree 1992, Autio and Greerth® row. The selected mycorrhizal inoculum [t
1994, Miller 1995]. Also, little is known about how Versispora versiformigGlomus versiformeconsisted
the varying effects are brought about, and whatdcol©f 15 isolated spores per milliliter and was preedd
be done to adjust root pruning-if possible to sgeciPy Qingdao Agricultural University, Shandong Prov-
situation for proper results [Saure 2007]. Normally"ce, China. The soil used in this study was cinoram
new roots produce at the cut end to substitutehier soil cIass_lfled b_y FAO/_UNESCO soil _classn‘|cat|o_n
original old ones, ultimately providing absorptiand ~ SYStém. its main physical and chemical properties
anchorage plants. Based on this principle, takiag r included k_)lU”‘ density 1.32 g ¢ organic matter
pruning to renew old root is the most importanpste30-8> 9 kg', available nitrogen 38.65 mg klgava_n-
for the rejuvenation of older apple trees. able phosph_?rus 12.19 mg &gavaﬂable potassium
Root pruning produces inevitable damage to ro/-83 mg k@, pH 7.1 (1 : 2.5, soil: water suspen-
and the length of time required to replace the roSIon)-
system mainly depends on species, mode, timing, soi
condition, health-state of the tree, etc. [Retama&le Experimental design
al. 2004]. Often, 3 to 5 years is required to reach The experiment was conducted based on a com-
100 percent of the original spread and surface. arepletely randomized block design with three repbsat
That is to say less original absorbing root arestmuin the embryo stage of apple trees in 2013. Each
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block consisted of 10 trees arrayed in the same roStatistical analysis

Three combinations were applied: Treatment 1 (con- The data were analysed using SAS 9.1 software

trol): non root pruning without AMF, Treatment 2:and the means were compared using Duncan’s multi-

root pruning alone, Treatment 3: root pruning corrple range test & < 0.05. Figures and some calcula-

bined with AMF. tions were provided by using Microsoft Excel 2010.
Roots were pruned along both sides of the rows,

80 cm from the trunk, to a depth of 30 cm, wittRESULTS

a shovel in the stage of tree germination. Soil out

ward root incision was gently removed with theRoot colonization rate affected by root pruning

width of 20 cm and subsequently 100 ml per treand AMF inoculation

AMF (approximately 1500 spores) was uniformly Due to non AMF inoculation with root, the root

sprinkled around the root cut, at last soil removecolonization rate in control and root pruning alone

was again refilled. Watering and fertilization werewere zero throughout experiment, however roots

fulfilled as necessary. were colonized by root pruning combined with AMF.
Table 1 indicates that root colonization rate was r
Research methods spectively 15.4 and 17.3% in July and September,

Canopy shape was described by Wei et al. [20012013, and gradually increased as time progressed.

Each canopy was divided into different layers anlthese results imply that the root length colonarati

positions using 0.5 mx 0.5 m x 0.5 m cubes locatedrate was strong correlated with AMF application and

by bamboo poles. Horizontal positions of the canop:[}me period after root pruning.

were classified as inside, central and outsiderfs1
1-2 m, >2 m from the trunk, respectively). The vert The shoot distribution in different layer of apple

cal extent of the canopy was divided into six Isvel : .

<1 1-15 1520 20-25 55-30 canopy was described in Table 2. For control treat-
(<1m, 1-1.5m, 1.5-2.0 m, 2.0-2.5 m, 2.5- Y Ment total numbers of shoot were 2055, 1789 and
>3 m from the base of the tree trunk, respectively

. 1475 per plant respectively in the year 2013, 2014
The amognts of ShO_OtS were tested In every CUbeafrid 2015, and shoots distributed outside the canopy
the duration of spring shoot stopping growth t‘élccounted for 54.45, 57.63 and 58.10% of the total,
leaves falling, respectively. Th(_a rel_ative lighteinsi- respectively. In the horizontal plane, the shoannu
ty of canopy was measured in different levels aryq s inside, central and outside the control canopy
positions using TSE-1332A digital illuminometer INrespectively decreased by 27.8, 37.6 and 27.9%ein t
the typical sunny days during mid-August. Measuréyear 2015 than those in the year 2013, showing con-
ments were taken for four times each day: 8 aryg| treatment preferred to inhibit shoot growth in
11 am, 2 pm and 5 pm, respectively, and the valugreqa |ocated in central canopy. In the verticahgla
were calculated using average values for the 4stimghe drastic decline in shoot number centered on the
Percentage colonization of roots by AMF was anipace of 1.5 to 2.5 m height of control canopy wher
lyzed respectively using a gridline intersect methodecreased shoot accounted for 46.2% of the overall
after staining the roots with trypan blue in thdl fu decrement in the year 2015. Compared to control
growth of apple roots in July and September [Kosktreatment, root pruning alone and combined with AMF
and Gemmad 989]. The yield per tree and fruit qual-appeared diverse shoot distribution that shootoediu
ity were measured in mid-October. Fruit quality waby 33.96 and 38.51% in the outer canopy but inegtas
tested for the firmness with a GY-1 type fruit firm by 97.99 and 123.69% in the inner canopy in 2045, a
ness meter, soluble solid content using a PR-gitewell as 390.20 and 478.43% in the vertical height o
glucose meter and the titratable acid content k1.5 to 2.5 m canopy, respectively. Data also sugdes
titration using 0.1 mol - T* NaOH [Jung and Choi that root pruning combined with AMF had a larger
2010]. effect on sprouting than root pruning alone.

The distribution of shoots
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The relative light intensity horizontal direction, the relative light intensitf
Tree structure, including tree shape, shoot disticontrol treatment declined year by year wherever
bution and leaf quantity, clearly influences th&ate layer position was, however root pruning alone and
tive light intensity in different position withinamo- combined with AMF increased the relative light in-
py. Table 3 demonstrated that the relative ligtgrin tensity, especially in the inner canopy where #la-r
sity gradually decreased from tree top to bottomh artive light intensity increased by 38.71 and 60.26%
also from tree outside to inside, regardless ofrohn 2015 as compared to control plant. In the vertical
root pruning alone and combined with AMF. In thedirection, the relative light intensity of contrc&no-

Table 1. Root colonization rate after root pruning and AMBdaolation

Colonization rate (%)

Tr 2013 2014 2015
July September July September July September
of of of of of of
of of of of of of
15.4e 17.3e 22.8d 41.7c 50.5b 68.4a

Explanation: Tr — treatment: 1 — no root prunind an AMF application, 2 — root pruning alone, 3etrpruning and AMF application; each
value represents the mean of 3 replicates; therdift lower-case letters stand for significantediéhces at 0.05 level between years

Table 2. Shoot number in different layers of apple tree ggno

Shoot number (unit- plar)

Height (m) Tr inside central outside
2013 2014 2015 2013 2014 2015 2013 2014 2015
1 On 0j Oi 48m 43fg 38l 217b 206b 186b
1 2 On 0j 0i 49Im 58ef 60j 147de  138d 133ef
3 On 0j Oi 52Kkl 60ef 63j 145de  135de  126g
1 75h 73f 64f 123f 109bcd  94g 180c 165¢c 144d
1.0-15 2 799 86e 90d 127e 138b l46d 135f 1199 111h
3 85ef 92e 93d 131d 145b 150c 131fg 114h 105i
1 38l 22i 19h 129de  85de 52k 263a 245a 207a
15-20 2 63i 101d 109c 187b 205a 214b 148de  130f 136e
3 86e 115c 137b 194a 218a 236a 144e 1209 130f
1 54j 41h 329 81j 54ef 36l 221b 209b 172¢
20-25 2 83f 132b 141b 1199 137bc l4le 1289 113h 104i
3 124b 155a 158a 126ef ~ 140b 147cd 122h 107i 96j
1 30m 28i 22h 156¢ 139b 122f 149d 132ef 99j
25-3.0 2 49k 559 60f 111h 99cd 89h 67] 52k 47K
3 61i 71f 79e 102i 89de 83i 67] 49k 42
1 148a 121c 112c 54k 43fg 27m 89i 74 49k
>3.0 2 121c 106d 93d 35n 139 10n 59k 401 35m
3 106d 92e 90d 120 5¢ 40 55k 31m 28n

Explanation: Tr — treatment: 1 — no root prunind an AMF application, 2 — root pruning alone, Joetrpruning and AMF application; each value
represents the mean of 3 replicates; the difféoarer-case letters in the same column stand foifeignt differences at 0.05 level within a year
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py was continuously decreased from the year 2013 per plant in 2015, however root pruning alone and
the year 2015, the extent to which depended on tcombined with AMF increased fruit yield distributed
layer position located in the canopy, particularly inside, central and outside of the canopy from 11.8
the height of 1.5 to 2.5 m canopy where the regatin15.1, 15.8, 20.0 kg and 18.0, 21.9 kg per plant in
light intensity was no more than 50%. Contrary t2013 to 15.8, 18.0, 23.3, 25.6 kg and 25.1, 27.4 kg
control treatment, root pruning alone and combineper plant in 2015, respectively. Data also suggeste
with AMF gradually increased the relative light in-that root pruning alone and combined with AMF
tensity and the significant increase both appeared increased fruit yield inside the canopy by 315.7é a
the canopy height of 1.5 to 2.5 m, where root prgni 373.68% in 2015 in comparison to control plants.
alone and combined with AMF induced the relativiFigure 1 showed that, for root pruning alone and
light intensity to rise from mean value of 48.52ancombined with AMF, fruit was mainly scattered in
51.8% in 2013 to 51.65 and 59.18% in 2015, respethe vertical height of 1.0 to 2.5 m canopy, esgbcia

tively. with regard to the height of 2.0 to 2.5 m in whible
highest yield located. Contrary to root pruningneo
The distribution of fruit yield and combined with AMF, fruit yield of control treat

During the experimental 3 years, fruit yields horiment decreased despite vertical tiers of canopy and
zontally distributed inside, central and outside thdrastic decline happened in the height of 2.0 fon2.
canopy of control treatment decreased from 6.6 13canopy where fruit yield decreased by 24.7% in 2015
and 16.9 kg per plantin 2013 to 3.8, 10.0 and kg.8 than that in 2013.

Table 3. The relative light intensity in different layers ébple tree canopy

Relative light intensity (%)

Height

m) Tr inside central outside
2013 2014 2015 2013 2014 2015 2013 2014 2015
1 20.60 20.00 18.9m 22.3m 21.40 21.1k 25.1p 24.2023.9n
<1 2 21.5n0 25.4n 26.11 24.41 27.7m 28.1j 28.6n B81.4 32.3l
3 22.3n 27.6m 28.1k 26.0k 31.1k 32.0hi 31.7m 35.3 35.7k
1 22.2n 20.40 19.6m 24.11 22.9n 21.4k 27.30 25.9n25.2m
1.0-15 2 23.6m 28.8l 29.6j 26.7k 29.3I 29.9ij 31.3m 34.5 34.9k
3 25.11 32.2k 32.9i 29.9j 34.5j 35.1gh 34.51 39.6 40.6j
1 34.5k 29.61 27.9k 44.4h 33.5j 32.0hi 42.8k #1.1 40.5j
1.5-2.0 2 40.3j 47.2h 48.2f 48.79 48.69 49.2f 51.9i 56.2g 56.99
3 43.2h 52.4g 53.1e 42 .8i 54.9f 55.5e 55.3h 60.9f 61.5f
1 417 34.3] 32.7i 51.9f 39.8i 38.9¢g 47 .8 4590 45.1i
2.0-2.5 2 46.1g 53.7f 34.6h 54.8e 56.5e 60.0d 56.5g 60.5f61.0f
3 48.6f 57.1e 57.9d 47.8g 61.3d 61.8d 60.3f 64.6€65.3e
1 45.69 42 1i 40.5¢9 57.4d 46.6h 46.1f 54.3h 52.6h51.6h
2.5-3.0 2 52.6e 58.5d 58.9d 60.6¢c 61.6d 62.0d 63.2e 67.1d67.8d
3 54.7d 62.3c 63.1c 54.3e 68.2c 69.0c 67.3d 70.8¢71.7¢c
1 58.5c 54.7f 53.9e 71.6b 62.3d 61.8d 70.9c 68.3d66.8d
>3.0 2 65.8b 70.2b 71.0b 74.9a 75.0b 75.7b 78.8b 81.2183.0b
3 68.4a 74.7a 75.0a 70.9b 79.7a 80.3a 82.4a 85.286.0a

Explanation: Tr — treatment: 1 — no root pruning ao AMF application, 2 — root pruning alone, 3etrpruning and AMF application; each value
represents the mean of 3 replicates; the difféoever-case letters in the same column stand foifgignt differences at 0.05 level within a year
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9 9 B<1] B1.0-1.5 O1.5-2.0 @z20-25 Baz5-3.0 B >3

Fruityield (kg +planth)

T2 (3|12 3|1 (2|3 1|23 |1|2|3|1 (2|3 |1]|2|3|1|2|3|1/2]|3

2013 ‘ 2014 ‘ 2015 ‘ 2013 ‘ 2014 ‘ 2015 ‘ 2013 ‘ 2014 ‘ 2015 ‘

Inside ‘ Central ‘ Outside ‘

Treatment, time and horizontal cancpy

Fig. 1. The distribution of fruit yield in different layexsf apple tree canopy; treatment: 1 — no
root pruning and no AMF, 2 — root pruning alone, ®et pruning combined with AMF; each
bar represents a mean tstandard deviations; edoh nepresents the mean of 3 replicates

The fruit quality solid in 2013, not found in 2015 and no variatian i
Differences of fruit quality within the canopy titratable acidity was seen in the whole experiment
were shown in Table 4. The result indicated that
firmness and soluble solid of control fruit deceshs DISCUSSION
but titratable acidity increased year by year dmal t
poorest fruit appeared in the height of 2 to 2.5 m Root percent colonization is an important indica-
canopy. Compared to control fruit, firmness and sotor suggesting plants become mycorrhizal [Yang et
uble solid of fruit treated by root pruning and trooal. 2014a]. Results driven from this study implied
pruning combined with AMF obviously improved butthat pruned root was nicely compatible with AMF
titratable acid in fruit lightly decreased as tim®- and only in this way the function of arbuscular my-
gressed. The best fruit also occurred in the camdpy corrhizal symbiosis for older apple tree growthswa
2 to 2.5 m height in which firmness, soluble saliti  well realized. Root pruning is recommended for toot
titratable acidity affected by root pruning and trooballed trees to produce trees capable to rapid root
pruning combined with AMF were 1.23, 1.25, 1.15regeneration and also advocated to inhibit shoot
1.16 and 0.80, 0.77 times control counterparts, rgrowth for restoring the root to shoot balance f€at
spectively. Data statistically analysis illustratét rine et al. 1997, Saure 2007]. Actually, the ac-
differences between root pruning alone and combinceptance of root pruning in reduction shoot grointh
with AMF were sharp in fruit firmness and solublecommercial fruit production is now still rather liled
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Table 4. The fruit quality parameters in different layersapiple tree canopy

Height - Firmness (kg:cff) Soluble solid (%) Titratable acidity (%)
(m) 2013 2014 2015 2013 2014 2015 2013 2014 2015

1 6.99f 6.83h 6.65d 10.35ef  10.33e 10.29g 0.30a.3280  0.34a

<1 2 7.3%  8.02c 8.08c 10.52de  10.94d 10.99f 0.30a.27b0  0.26b
3  7.46de 8.09g 8.12¢c 10.61de  10.99d 11.03f 0.292.26b 0.25b

1 6.86g 6.79hi  6.60d 10.25fg  10.23e 10.1%h 0.318.32a 0.35a

1.0-1.5 2 7.47de 8.07fg 8.llc 10.39%ef  11.02d 11.06f 0.308.28b 0.27b
3 7.65c 8.11ef  8.15bc 10.58de  11.04d 11.34e 0.28a27b 0.26b

1 6.82g  6.75ij 6.61d 10.22g 10.19¢ 10.08h 0.31a.34d0  0.36a

1.5-2.0 2 750de 8.19cd 8.26b 10.27ef  11.44c 11.47d 0.292.27b 0.26b
3 7.67c 823 8.29ab 10.85d 11.60c 11.63d 0.28a27b0  0.26b

1 6.80g 6.71 6.60d 10.20g 10.16e 10.06h 0.31a35a. 0.38a

2.0-25 2 8.0lb 8.36b 8.39a 11.40c 11.82bc  11.89c 0.28a27b0  0.28b
3 8.20a 8.45a 8.52a 11.55¢ 12.00b 12.04b 0.27a26b0. 0.27b

1 6.8lg 6.73] 6.62d 10.31ef  10.23e 10.11h 0.33a.3480  0.36a

2.5-3.0 2 7.91b 8.12f 8.18b 11.33c 11.84b 11.86¢c 0.30a.2900  0.28b
3  8.00b 823 8.26b 12.27b 12.89a 12.98a 0.30a29b0. 0.28b

1 6.84g 6.7%9h  6.64d 10.44ef  10.41e 10.37g 0.318.32a 0.35a

>3.0 2  757cd 8.07fg  8.10c 12.57ab  12.96a 12.98a 0.30m30ab  0.29b
3 7.65c 8.15de  8.15bc 12.73a 13.02a 13.07a 0.3@a29b 0.27b

Explanation: Tr — treatment: 1 — no root pruning ao AMF application, 2 — root pruning alone, 3oetrpruning and AMF application; each
value represents the mean of 3 replicates; therdift lower-case letters in the same column stansidnificant differences at 0.05 level within
a year

regardless of previous reports that recorded thmpr vide more nutrients to satisfy the growth demand of
ising results. Therefore, this research is basethen aerial parts of the older apple tree. The re-tligtion
situation that root pruning is only considered as eof shoot caused by root pruning alone and combined
emergency measure for older apple trees associawith AMF, in particular inside the canopy, depended
with less shoot growth in the inner canopy, lowenot only on root regeneration but also on seveoetsh
activity of root and succedent yield loss. pruning which removed apical dominances and re-
In this study, root pruning alone and combineleased other buds under cut points from correlative
with AMF inhibited shoot growth in the outer canopyinhibition. Also, root pruning alone and combined
but improved it in the inner canopy, enabling oldewith AMF increased shoot number indicating vigor
apple tree to re-establish an optimal canopy siract restoration of older apple tree. While control trea
This certified that newly formed root system hamment had a decrease in shoot numbers across hori-
a physiologically favorable growth potential, whichzontal and vertical plane, because root system sub-
was supported by the fact that root pruning removsstantially degraded unable to absorb sufficientinut
part of the root tips, and in this way their apidam- tion for over ground parts, consistent with finding
inance within the root, allowing for the formatioh presented by Saure [2007] that older trees hackdlte
more side-roots and new root tips [Lloret and Gaseroot/shoot balance at expense of the roots anarim t
2002, Aloni et al. 2006]. Subsequently, the produdnhibiting the shoot sprouting.
tion of cytokinins could increase again that forteel At the tree scale, light interception is affected b
new root system formation. The new root could prcthe intrinsic architectural pattern of a cultivanda
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horticultural practices, such as training and pmgni within the roots, especially in phosphorous acqgiri
[Han et al. 2012, Da Silva et al. 2013]. Althougt[Smith and Read 2008, Smith et al. 2011]. Aftertroo
severe shoot pruning was performed, weaken vigor pruning there is a disadvantageous gap in root ab-
control plant gave preference to apical dominancsorbing nutrients before restoring rooting potdntia
outside shoot tips and resulted in more shoots acoincidentally AMF can offset the loss of roots dxs
peared in the outer canopy that thus prevented ligon their greater hypha network. Therefore, shoot
penetration inwards. Light intensity had strongafel number of root pruning combined with AMF was
tionship with fruit yield, the insufficient lightnio higher than that of root pruning alone, indicatihgt
control canopy decreased flower bud formation foAMF played a major role in the enhancement of the
lowed by fruit yield, which has been also reporited tree vigor. The result had already verified by Yang
other apple orchards [Jung and Choi 2010]. Roand coauthors [2014b] who also had applied AMF to
pruning and shoot pruning could more inhibit shocconfirm if AMF could induce bioprotection for older
growth avoiding renewal heading in older appledreeapple tree in which conclusion was drawn G-
[Saure 2007]. Shoot re-allocation treated by rommus versiformecolonization of older apple plants
pruning alone and combined with AMF might pre-markedly increased mineral nutrient concentrations
vent shading among the limbs to maximize the ligtapple leaves, especially nitrogen and phosphorus
intensity within the canopy. Adequate light distrib nutrition. Only restoration of tree vigor can older
tion is also required at the fruiting set to ensiln& apple trees freely regulate shoot number and light
dry matter is partitioned into fruits [Grappadeitial. interception to form a favorable condition for thei
1994]. This may be the cause of the increase ih frown growth.

yield treated by root pruning alone and combined

with AMF in comparison to control treatment. CONCLUSIONS
Fruit soluble solids and titratable acids were af-

been observed also in ‘Delicious’ apples. Root pruig|der apple trees obtained from this study to aehie
ing alone and combined with AMF had greater solirational canopy structure no matter AMF were rein-
ble solids but lower titratable acids in fruits quared  forced. AMF was the first to compensate the loss of
to control treatment. This indicated a reasonabl® | it yield and quality. So far, root pruning combd
distribution in the canopy can ensure a sufficieryith AMF could regard as a measure for older apple
supply of the metabolites required to produce higiree to restore juvenile characteristics. Howetlee,
quality fruit [Feng et al. 2014]. Fruit firmness sva risks of negative side-effects are ignored andether
positively related with the light intensity in tresudy, fore whether root pruning combined with AMF has

which also has been reported in the ‘Fuji’ app®$ 5 pright future is debatable, and perhaps need addi
[Jung and Choi 2010]. Root pruning alone and cortiona| experience.

bined with AMF made fruits to expose to the surligh
to maintain their firmness because fruits stimulate
protein synthesis related to the heat shock orrées ACKNOWLEDGEMENTS

and delayed at maturation and softening [Ferguson e _ . A
al. 1994]. However, fruit in control treatment had This work was supported by Yantai Science and

lower fruit quality due to worse light penetration! €chnology, Project No. 2011454,

coupled with weaken root absorption.
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