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ABSTRACT

The different effects on flowering, yield as well as physical and chemical properties of fruits in the trees
of Anna apple cultiver obtained from scion grafted on  MM 106, Baladi apple and Malus communis rootstocks.
Tested trees were compared during three seasons under Delta soil conditions. The aim of this study is to
evaluate the possibility of using rootstocks other than Baladi apple, checking their effect on yield and fruit
quality. For the 3 studied years, results showed that the rate of flower bud burst accelerated on MM 106
rootstock and recorded the earlest blooming periods on either shoots or spurs comperd with the other studied
rootstocks. Rootstock MM 106 reflected higher flower numbers per buds, branches and spurs followed by
Baladi apple rootstock. Baladi apple increased percentages of initial and final fruit set on shoots and spurs
followed by MM 106 rootstock. Malus communis  significantly  improved individual fruit size ( fruit length,
diameter, weight) and firmness followed by Baladi apple rootstock.. Rootstock type also affected total soluble
solids, total sugar and total anthocyanins fruit contents. Fruits from cultivars which were grafted on MM 106
followed by Baladi apple rootstock recorded the highest quality values. While, fruits on Malus communis
rootstock had the highest total chlorophyll content. Our results indicated that yield and fruit quality of Anna
apple are strongly influenced by the rootstock used. Also, the Anna apple cv. Could be grown commercially
in clay soils if budded on MM 106 followed by Baladi apple rootstock, where interaction between cultivar and
rootstocks may be an interesting strategy for the adaptation of cultivars to different soil types.
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Introduction

Anna apple (Malus domestica, Borkh) is a low chilling cultivar spreading in many tropic and subtropics
areas. It is considered as one of the most important commercial cultivars planted in Egypt.  It suffers from
several factors which have a negative effect on its yield and fruit quality. Among these factors the depression
of apple yield which may attribute to chilling requirements for breaking dormancy. Recently, apple grow in
a wide range of climate after introducing cultivars with low chilling requirements, i.e. Anna and Dorsett
Golden which grow successfully in Egypt (Abd-El Aziz, et al.1990 & Foad, et al.1995a). It is well known
that growth, flowering and fruiting of apple cultivars are greatly affected by rootstocks (Hamposn et al, 2001
& Autio et al,2001). MM 106 as a semi-dwarf  rootstock, Malus communis and Balady apple are the most
common rootstocks in Egypt. Their effect on growth of Anna apple trees was compared in another paper.
However any trials aims to compare their effect on flowering and tree production of Anna apple cultivar are
still lacking more information. So, it is of importance to record on blooming, fruit set, yield and fruit
characteristics of Anna apple as affected by the three common used rootstocks in clay soils. 

Materials and methods

This experiment was conducted during three successive seasons 2008, 2009 and 2010 on 8 years-old apple
trees of Anna Cv. Were grafted on three rootstocks namely: MM 106, Baladi, and Malus communis. And
grown in clay soil in a private  orchard  satuated at south Aga, Dakahlia Governorate. The trees were planted
at 3x3 meters apart.                                                   
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Table 1:  Soil analysis of the tested soil.
Clay % : 52.0 
Silt %   : 29.0
Sand % : 19.0
Texture grade : clay
E.C .: 0.52 ( ds/m-1) (1 : 2.5 extract) 
pH : 8.1 (1: 2.5 extract)
O.M. % 1.46
Total N % :  0.29
Available P :  4.6 (ppm, Olsen)
Available K :  4.00 (ppm, ammonium acetate)

Regular agricultural practices were done as usual. Each rootstock (treatment) was replicated four times,
one tree per each. A completely randomized block design was followed. Three branches 2 years old  bearing
fruiting spurs  and three shoots one year old , were chosen and labeled on each tree to study: 
- Flower bud opening on (one year-old- wood) and (spurs). Rating stages from bud burst to blooming, were
numbered 1-7(El-Turk,1965) and recorded weekly as follows:

- Dormant - Swelling -Burst - Green balloon
- Pink balloon - Full opening - petal fall.
- Blooming period of one year-old- wood and spurs.
- number of flowers and initial & final fruit set percentages on shoots and spurs.   

Initial fruit  set =      No. of set fruits  & Final fruit set = No. of retained Fruits at harvest
               Total No. of  flowers           Total No. of  flowers

- Sample of 10 fruits/ replicate was collected to determine: fruit weight, fruit size,T.S.S using hand
Refractometer, acidity as malic acid (according to A.O.A.C.,1985), total sugars were determined according
to Smith et al,1956. Total Chlorophyll & total Anthocyanins (colorimetrically determined) and total yield
as (average total fruit No./ tree x average fruit weight). Data obtained were subjected to analysis of
variance. L.S.D.at 5% was used according to Snedecor and Cochran, 1980. 

Results and discussion

Rate of Flower Bud Burst on Shoots and Spurs: 

Seven stages of bud burst activity were numbered 1-7. Concerning rate of flower burst, Table 2, indicate
that bud burst activity on either shoots or spurs of Anna apple Cv. Increased gradually from 29th Jan. till 25th

March and from 13th Feb. till 7th April, in the second and third season, respectively. In this respect, MM106
rootstock generally accelerated the rate of flower bud burst on shoots followed by those on Baladi apple, in
the second season. But during the third one bud burst was faster on MM106 and Malus communis rootstocks.
Meanwhile, the rate on spurs was significantly higher on MM106 during 2nd and 3rd seasons and lower on both
Malus communis and Baladi apple rootstocks during 2nd season only, but during 3rd season Baladi apple
dominated in this effect. It may be concluded that rate of flower bud burst was faster on MM106 than those
on other studied rootstocks. In a similar study Schupp, 1995 & Fouad et al., 1995a and Kassem, 1998 who
found that the semi-dwarf MM106 reflected higher bud burst rates.

Blooming Period: 

Data presented in Table 3 show that the beginning of blooming date on shoots was generally accrued
during March at 11th and 22nd for Malus communis and 11th and 15th for Baladi apple and was earlier 4th and
7th for MM106 rootstock in the second and third season, respectively. Meanwhile, blooming on spurs, showed
that the beginning of blooming occurred on Malus communis 4th and 15th March, Baladi apple 25th Feb. and
7th March and MM 106 17th and 28Th Feb, for the second and third season, respectively. Full bloom was
recorded earlier on MM106 followed by Baladi apple and Malus communis rootstocks. These results are
confirmed with those reported by Lorenzana et al., 1989 and Abd El-Aziz et al., 1990.     
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Average Number of Flowers and Percentages of Initial and Final Fruit Set:
A. Number of Flowers: 

It is clear from Table 4 that average number of flowers per shoot was significantly higher on MM106
followed by Baladi apple and Malus communis, during the 2nd season, while during the 3rd one, MM106
recorded lower values and Baladi apple revealed the highest one. Also, average number of flowers per bud
was significantly higher on either MM106 or Malus communis during second season, but MM106 dominated
in the 3rd season, where, Baladi apple rootstock decreased number of flowers to significant levels in both
seasons. These findings may be due to irregular bearing which is common in this cultivar. Average number
of flowers per branch on MM106 was greater during both seasons and Baladi apple rootstock came next,
especially in the 3rd season.  As for average number per spur, Table 4 show that MM106 reflected highest
values followed by those on Malus communis and Baladi apple. This hold true in both seasons and in harmony
with those of  Fouad et al, 1995a and  Perry et al, 2008.  

B. Initial and Final Fruit Set:

Obtained results in Table 4, indicated that percentage of initial and final fruit set on one years old wood
of Anna apple Cv. were significantly higher on Baladi apple rootstock than those on MM106 or Malus
communis. Regarding initial fruit set on spurs, percentages were significantly higher on both MM106 and
Baladi apple rootstocks than that of Malus communis in the 2nd season, while trees on Baladi apple rootstock
dominated in the 3rd one.  Also, the final fruit set recorded higher values on Baladi apple following by either
MM106 rootstock in the 2nd season, or Malus communis in the 3rd one. In this respect Abd El-Aziz et al, 1995
found that highest fruit set of Anna apple Cv. was recorded on MM106. 

Table 5, indicate that summation of total yield for both first and second seasons was significantly higher
on either Baladi apple or MM106 rootstock (26.5 or 23.6 kg/tree, respectively) as compared with Malus
communis (17.9 kg/tree) which revealed the lowest yield. On the other hand, summation of total yield for both
second and third seasons, was significantly increased on Baladi apple to reach (36.5 kg/tree) and dominated
both MM106 (25.2 kg/tee) or Malus communis (925.6 kg/tree).The heavy cropping years of the biennial cycle
as well as rootstock effects may have been masked by the higher crop load (Embree et al 1993, Costes&
García -Villanueva, 2007, Perry et al. 2008 and Hassan et al,2010 ). 

Fruits Physical and Chemical Characteristics:

Data presented in Table 6 clearly show average fruit weight, size and chemical characteristics.

Average Fruit Weight:

Fruit  weight  was significantly higher on Malus communis followed by Baladi apple rootstock during the
1st and 2nd season, but Baladi apple dominated in the third one. However, MM106 rootstock reflected lower
values during seasons of study. These results confirm the work of  Barritt et al., 1996 and  Hampson et al.,
2001.  

Average Fruit Size:

Fruit size was significantly improved on Malus communis during the first and second seasons. However,
Baladi apple gave the largest fruit size in the 3rd season. Contrarily, MM106 reflected the smaller fruit size
during the three seasons. Variation in fruit size may be due to crop load (Embree et al, 1993 and Tustin&
Cashmore ,1994).

Fruit Chemical Characteristics:

Obtained data indicate that fruits on MM106 and Baladi apple rootstocks showed higher T.S.S. than those
on Malus communis. While total acidity was not significantly affected by all studied rootstocks in either 1st

or 3rd season but revealed lowest values on MM106 during the 2nd season only. Concerning total sugars, results
show that MM.106 revealed highly significant values of fruit sugar content, during the first season , while no
significant difference was recorded between Malus communis and  Balady apple. Moreover, sugar contents were
not significantly affected in the second and third seasons. 
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Results obtained by Drake et al, 1993 and Quamme & Brownlee, 1997 indicated that apple Cvs. scion on
MM11 or M26 contained more sucrose than those from trees on seedling rootstocks. Total chlorophyll content
was significantly higher in fruits grown on Malus communis during the three successive seasons, while MM106
reflected higher chlorophyll content during the 1st season only. Total anthocyanins content was significantly
higher in fruits on MM106 during the 2nd and 3rd season, where Baladi apple revealed highest values in the
1st one. These results are in general agreement with those obtained by Lorenzana et al,1989, Drake et al. 1991,
Ben, 1995 and Groot ,1997, who mentioned that the relationship between scion fruit quality and rootstock, may
be function of nutrient relations.

Table 2: Rate of flower bud opening on one year -old- wood and fruiting spurs of Anna apple Cv. on different Rootstocks. 
Dates (D) 2009       2010

---------------------------------------------------------------------------- -------------------------------------------------------------
   29/1 12/2 25/2 11/3 25/3 13/2 23/2 7/3 22/3 7/4
Rootstocks (R) One year old wood
Malus comunis 1.00 1.78 3.29 5.42 6.46 1.07 1.98 3.89 5.80 6.34
Balady apple 1.00 2.00 3.60 5.52 6.48 1.18 1.80 3.19 4.92 6.38
MM 106 1.27 2.32 4.43 6.16 6.49 1.29 2.32 4.23 5.50 5.91
L.S.D.at  0.05 R = 0.121 D = 0.222  RXD = 0.384  R  = 0.167 D = 0.304  RXD = 0.526

Spurs
Malus comunis 1.40 2.84 4.85 6.31 6.91 1.12 1.84 3.78 5.76 6.86
Balady apple 1.54 2.74 4.80 6.40 6.93 1.47 2.61 4.55 6.11 6.84
MM 106 1.70 2.87 5.15 6.50 6.71 1.35 3.03 5.05 6.46 6.77
L.S.D.at 0.05  R  = 0.106  D = 0.183 RXD = 0.316 R = 0.108  D = 0.187   RXD = 0.324

   

Table 3:  Blooming period of one year - old - wood and spurs of  Anna  apple scion on three rootstocks.
Character  Blooming period on spurs Blooming period on 1 year old wood

------------------------------------------------------------ ----------------------------------------------------------------------
Rootstock Beginning of bloom   Full bloom Beginning of bloom Full bloom

------------------------- ----------------------- ------------------------- ------------------------------------
2009 2010 2009 2010 2009 2010 2009 2010

Malus comunis 11 M 22 M 18 M 30 M 4 M  15 M 18 M 22 M
Balady apple 11 M 15 M 18 M 30 M 25 Feb.  7 M 11 M 15 M
MM 106 4 M  7 M 11 M 15 M 17 Feb. 28-Feb 25Feb. 7 M
* Feb.: February - M : March  

Table 4: Average number of flowers and  initial& final fruit  set percentages of Anna apple Cv. Budded  on three Budded on three root
stock.

Characters One year- old- wood Branch bearing spurs(2-3years old)
---------------------------------------------------------------- ----------------------------------------------------------------------
No.of flowers Intial Final No.of flowers Intial Final
--------------------------- fruit set % fruit set % --------------------------- fruit set % fruit set %
Per shoot Per bud Per shoot Per bud

Root stocks 2009
Malus comunis 47.2 5.65 37.3 8.3 89.6 5.35 49.78 13.38
Balady apple 49.8 5.11 55.9 15.07 81.2 4.34 67.58 20.36
 MM 106 68.8 5.76 55.8 9.77 168.6 5.86 69.88 16.79
L.S.D.at 0.05 5.06 0.41 8.37 1.816 11.27 0.405 4.454 3.191

2010
Malus comunis 48.7 4.96 33.4 10.31 95.2 5.27 49.18 15.72
Balady apple 73.6 4.59 46.3 12.8 140 4.29 62.12 15.92
MM 106 37.8 5.52 27.7 7.01 158.9 5.82 45.54 13.47
L.S.D.at 0.05 5.17 0.5 4.18 1.063 8.16 0.388 4.927 1.288

Table 5: Yield of Anna apple Cv. Budded  on different rootstocks during three successive  seasons.
Seasons 2008 2009 2010 200 + 2009 2009 + 20100
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Root stock No. Fruits Yield Kg No. Fruits Yield Kg No. Fruits Yield Kg No. Yield No. Yield

per tree per tree per tree per tree Fruits  Kg Fruits  Kg
per tree per tree per tree per tree

Malus comunis 51.2 6.41 87.4 11.48 124.1 14.16 138 17.89 210.1 26.53
Balady apple 85.6 9.27 150.9 17.26 153.7 19.28 237 26.53 305.0 36.54
MM 106 78.1 7.29 162.3 16.29 96.4 9.51 240 23.58 257.8 25.81
L.S.D. at 0.05 26.79 2.96 11.93 1.83
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Table 6:  Fruit Characteristics of Anna apple Cv. budded on three  rootstocks during three successive seasons.
Characteristics Fruit Wt. (g) Fruit size (CC) T.S.S % Acidity % Total sugars Total Antho- Total choloro-

Malicacid g/ 100g cyanin Mg/g phyl mg/g
F.W.t F.W.t F.W.t

Rootstocks 2008   
Malus comunis 125.8 136.3 12.49 0.638 7.024 0.211 2.012
Balady apple 107.2 134 13.63 0.638 6.202 0.415 1.562
MM 106 93.4 113.4 13.51 0.634 6.17 0.292 1.948
L.S.D.  at 0.05 5.03 3.41 0.378 0.048 0.471 0.024 0.113

2009
Malus comunis 138.1 174.8 11.49 0.674 6.354 0.243 2.062
Balady apple 121.4 154.8 13.69 0.637 6.667 0.246 1.578
MM 106 107.7 135.4 12.83 0.586 6.73 0.343 1.474
L.S.D.  at 0.05 5.79 7.72 0.411 0.047 0.569 0.027 0.244

2010
Malus comunis 114.2 144.1 10.48 0.668 7.336 0.263 2.407
Balady apple 125.1 150.4 11.58 0.656 7.98 0.339 1.645
MM 106 99.2 116 11.75 0.654 8.026 0.382 1.603
L.S.D.  at 0.05 5.61 4.96 0.582 0.022 0.692 0.0166 0.099

Conclusion:

It is evident from the present study that MM106 followed by Baladi apple are the most suitable rootstocks
for Anna apple trees grown in clay soils. where, rate of flower bud burst was faster, Full bloom  earlier,
average number of flowers per branch greater, percentage of initial & final fruit set on one years old wood
of Anna apple Cv. higher with increased  fruit yield. The heavy cropping years of the biennial cycle as well
as rootstock effects may have been masked by the higher crop load. Anna fruits on MM106 followed by
Baladi apple rootstocks showed also higher T.S.S., sugar and anthocyanins content. It may be a function of
nutrient relations.  
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