
 

Vol. 13(1), pp. 12-19, January-June 2021 

DOI: 10.5897/JABSD2021.0384 

Article Number: 7C39A4D66885 

ISSN: 2141-2340 

Copyright ©2021 

Author(s) retain the copyright of this article 

http://www.academicjournals.org/JABSD 

 

 
Journal of Agricultural Biotechnology and 

Sustainable Development 

 
 
 
 
 

Full Length Research 
 

Effects of rootstocks on leaf nutrient concentration of 
selected apple (Malus domestica L. Borkh) cultivars at 

Gircha, Southern Ethiopia 
 

Biniam Bitane1*, Kebede Jobir1 and Derbew Belew2 

 
1
College of Agricultural Sciences, Arbaminch University Southern Ethiopia. 

2
College of Agricultural Sciences, Jimma University, South Western Ethiopia. 

 
Received 18 March, 2021; Accepted 18 May, 2021 

 

A superimposed experiment was conducted at Gircha, Chencha district, Southern Ethiopia to determine 
the effect of four rootstocks on leaf nutrient concentration of five apple cultivars. The experiment was 
laid out in a randomized complete block design (RCBD) with three replications. Data on leaf nutrient 
concentrations were collected and analyzed using SAS software. Results revealed that scion-rootstock 
interaction significantly (p<0.05) affected leaf nutrients (nitrogen - N, phosphorus - P, potassium -K, 
calcium- Ca and magnesium - Mg) contents. The maximum N  (2.32%), P  (0.43%), K  (2.09%), Ca (1.88%) 
and Mg (0.45%) were recorded for combination of Local + Saturn, Local + Scarlet, Begidu + Scarlet, TT-
Gala + Mlerose and TT-Gala + Scarlet, respectively; while the lowest values of N (1.3%), P (0.12%), K 
(1.02%), Ca (0.42%) and Mg (0.11%), were recorded for the combination of Gircha + Saturn, Gircha + 
Saturn, Begidu + Nela,  Gircha + Mlerose and Gircha + Mlerose, respectively. Under Gircha soil 
condition, Mlerose, Saturn, Alkmen and Scarlett O’Hara cultivars grafted on Begidu, TT-Gala and Local 
rootstocks were confirmed better in acceptable leaf nutrient concentration. Based on leaf nutrient 
concentrations TT-Gala, Begidu and Local rootstocks were selected as best compatible with most 
cultivars grafted. 
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INTRODUCTION 
 
Apple (Malus domestica L. Borkh) is the most 
omnipresent of temperate climate fruit tree native to 
Southwestern Asia and it is a woody plant belonging to 
the family, Rosaceae and sub-family Maloideae or 
formerly Pomoideae (Brown et al., 1994). Most of apple 
cultivars are diploid with chromosome number of 2n = 34 
(Sabir and Shah, 2004). 

According to Hayesso (2008) and Girmay et al. (2014), 
apple was introduced to Ethiopia in the 1950’s by 
Chencha Kalehiwot protestant church in the southern 
region of Ethiopia that has nearly 50 years of experience 
in growing highland fruits including apple, pears and 
plums. Recent data indicate that apple fruit production in 
Chencha  is  about  15  metric  tonnes per year while the  
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overall country production is estimated to be about 50 
metric tonnes (Kebede et al., 2015). Since the total 
production does not meet the local demand, the country 
imports about 350 metric tonnes of apple fruits mainly 
from South Africa, Iran, China and Israel (Holleta 
Agricultural Research Center (HARC), 2010). Apple is 
one of the most important temperate fruits grown in the 
highland climates of Ethiopia by virtue of high altitude 
(Seifu et al., 2014). The apple fruits are popular and have 
high economic values in most developed countries 
because of their multipurpose use and extended shelf life 
(Hempson and Kemp, 2003). 

Leaf mineral content of the grafted scion is greatly 
influenced by the types of apple rootstocks (Sotiropoulos, 
2008; Kebede, 2016). Mineral uptake and the leaf 
nutrient accumulation of apple cultivars influenced by 
rootstocks and the differences among the scions-
rootstock interaction were attributed to capacity of 
rootstocks due to their changing root structure 
(Abrisqueta et al., 2011; Joubert et al., 2011; Fazio et al., 
2013; Amiri et al., 2014). This indicates that scion-
rootstock difference can determine results. Thus, it can 
reduce the application of nutrients by selecting better 
type of rootstocks that have high absorption ability (Keller 
et al., 2001). Several studies have revealed that 
rootstocks differ in their effect on the level of nutrients in 
the grafted variety (Fallahi et al., 2001; Kucukyumuk and 
Ibrahim, 2011). The differences are due to the 
interspecific variation among rootstocks in terms of 
nutrient absorption and the translocation of this property 
to the variety (Tromp et al., 2005). However, site specific 
studies are important to determine the types of rootstocks 
used because the performance of rootstocks are site 
limited and differ from site to site, as well as region to 
region (Amiri et al., 2014; Kebede, 2016). The effects of 
most of the rootstocks studied were not consistent from 
site to site and varied overtime (Yahya et al., 2004).        
Apple rootstocks regulate tree growth, precocity, water 
and nutrient uptake and transport (Koepke and Dhigra, 
2013; Kviklys et al., 2014). The rootstock has far more 
effect on the ultimate size of the tree than the scion 
cultivar (Tromp et al., 2005; Badiu et al., 2014). In 
agreement with this, Roy and George (1987) revealed 
that, rootstocks profoundly affect water and nutrients 
uptake from the soil especially nitrogen which is of prime 
importance as it affects the photosynthetic rate, 
production of carbohydrates and proteins, which in turn 
control plant growth and development. Kebede and 
Sabura (2016) showed that influence of the rootstocks on 
nitrogen (N) content in the petioles was significant. 

In the study area, one limited factor that hinders apple 
expansion is lack of adequate studies on types of 
rootstocks used and farmers used these four (Begidu, 
Local, TT-Gala and Gircha) rootstocks without any 
evidences on the scions-rootstocks compatibility in terms 
of nutrient uptake. Apple fruit production and 
establishment  of  intensive  apple   orchards   has   been  
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limited by lack of adequate information on compatibility of 
rootstock-scion combination (Derbew and Jeong, 2014; 
Kebede, 2016). Hence, identifying appropriate scion-
rootstock combination is expected to alleviate challenges 
of production and productivity of apple in the area that 
farmers have been facing yet. Well matched scion-
rootstock combination for the production of temperate 
fruits especially apple is fundamental for its optimal 
nutrient concentration (Kebede, 2016). It is unwise to 
adopt scion-rootstock combination from one part of the 
region to another without an indepth evaluation locally. A 
mistake made in selecting the rootstock may adversely 
affect growth and productivity throughout the lifetime of 
the orchard. Therefore, this study was aimed to 
determine the effect of locally named different rootstocks 
on leaf nutrient concentration of different apple cultivars 
under Gircha Research Center. 
 
 
MATERIALS AND METHODS 
 
Description of the study area 
 

The study was conducted in the Highland Fruits and Vegetables 
Research Center of Arba Minch University at Gircha Chencha, 
Southern Ethiopia. The study site is situated at 6°19' 0'' N latitude 
and 37°35'0''E longitude with altitude of 3007 m.a.s.l and about 545 
km south of Addis Ababa. The district is categorized under Gamo 
highlands, Enset, wheat and barley livelihood zone and currently 
known for its high apple fruit production. The soil of Chencha 
(Gircha) is clay loam in texture with 77% Aluminium (Al) saturation. 
It has a weak medium sub angular blocky structure with 
consistence that is friable when moist and sticky/slightly plastic 
under wet condition with the pH value of 4.8. The topography of the 
area is hilly, with slope of 13%. The mean minimum temperatures 
from December to February and maximum temperatures from July 
to September of the Gircha area are 12 and 23°C, respectively. 
 
 

Experimental design and treatments 
 

The experiment was carried out by superimposing on two-year-old 
(planted in August 2015) apple cultivars (Nela, Alkemne, Melrose, 
Scarlett O'Hara and Saturn) established/grafted on four rootstocks 
(Begidu, Local, TT-Gala and Gircha). The experiment was laid out 
in randomized complete block design (RCBD) and the field 
experiment was designed consisting 20 treatments (scion rootstock) 
with three replications of 15-trees/plot. Along the rows in each 
experimental plot, weeds were controlled manually, and 5 kg 
organic manure was applied for each tree by ring method 
considering its canopy per a year during vegetative growth period. 
 
 

Experimental materials 
 

The four rootstocks such as (Begidu, TT-Gala, Gircha and Local 
(early introduced) as well as five (Nela, Alkemne, Melrose, Scarlett 
O'Hara and Saturn) scion cultivars were used. 
 
 

Data collection methods 
 

Soil data 
 

Five  sub-samples,  from  0-30  cm  depth,  were collected from 540  
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cm

2
 total experimental site representative spots of the entire 

experimental field by using diagonal sampling method and the 
composite sample was obtained by vertical insertion of an auger. 
The working samples were air-dried and made fine by using mortar 
and pestle. The fined soil was passed through 2-mm sieve and the 
following soil physico-chemical characteristics were determined in 
Arba Minch University Chemistry Laboratory by using standard 
laboratory procedures (FAO, 2008). 
 
Organic carbon content: This was determined by the volumetric 
method (Walkley and Black, 1934) as described in (FAO, 2008). 
 
pH value: The pH (1:2.5 solid: liquid ratio) of the soil was measured 
in water using digital pH meter. 
 
Cation exchange capacity (CEC): This was measured after 
saturating the soil with 1N ammonium acetate (NH4OAc) and 
displacing it with 1N NaOAc as described by Chapman (1965). 
 
Soil texture: This was analyzed by Bouyoucos hydrometer method 
and the textural class was determined using the soil textural triangle 
(Bouyoucos, 1962). 
 
Nitrogen (N): The total N was analyzed using the Kjeldahl 
digestion, distillation and titration method as described by Schuman 
et al. (1973). 
 
Phosphorus: Phosphorus contents of samples have been 
determined by vanadate-molybdate colorimetric method of 
Wantabe and Oleson (1963). 
 
Potassium (K): K contents were measured with flame photometer. 
 
Calcium (Ca) and Magnesium (Mg): Ca and Mg were measured 
with an atomic absorption spectrophotometer. 
 
 
Leaf sample collection 
 
For leaf sample data collection, five trees/rootstock, which have 
been two years old, were randomly selected and six mature leaves 
per cultivar (a total of 30 leaves near base of current year’s growth) 
were collected all around the tree from early May to late June 
(before dormancy) at the active growth stage season for 
determination of nutrients concentration as recommended by 
Kenworthy (1984). 
 
 
Laboratory analysis of leaves 
 
Sample preparation 
 
The collected leaves were washed in succession of tap water, 0.2% 
Teepol solution, N/10 HCl and double-distilled water. The fresh and 
free from contamination leaves were shadE dried and put in an 
oven at temperature of 70±2°C until constant weight. After drying, 
leaf samples were grinded with the help of a Wiley mill and then 
sieved through 1-mm mesh sieve. For the determinations of P, K, 
Ca and Mg concentrations, 0.5 g of samples were ashed in muffle 
furnace at 550°C for 8 h, the ash was dissolved in 4 ml 3N HCl and 
filled up with distilled water as described in Kucukyumuk and Erdal 
(2011). 
 
 
Nitrogen 
 
Nitrogen concentration in samples was determined according to 
modified  Kjeldahl   method   in   which  0.5 g   sample  digested   in 

concentrated H2SO4 and distilled with NaOH (40%). The ammonium 
N was fixed in H3BO3 (2%) and titrated with 0.1N H2SO4 following 
the procedure described by Kucukyumuk and Erdal (2011). Finally, 
data on N were expressed in percent on dry weight basis. 
 
 
Phosphorus 
 
Tissue samples were analyzed by dry ash digestion method by 
ashing 0.4 g of plant tissue at 500°C in a forced draft muffle furnace 
for five hours. The ash was then dissolved in 40 ml of 0.3025 M 
HCl. The suspensions were filtered and analyzed for elements. 
 
 

Potassium 
 

K concentrations were determined using flame emission 
spectrophotometers according to procedure described by Kacar 
and Inal (2008). 
 
 

Calcium and magnesium 
 
Ca and Mg concentrations were determined using atomic 
absorption spectrophotometer according to procedure described by 
Kacar and Inal (2008). 
 
 

Statistical analysis 
 
The collected data were subjected to analysis of variance (ANOVA) 
by using SAS software 9.1.3 and means separation was done using 
Duncan’s multiple range tests at 5% level of significance.  

 
 
RESULTS AND DISCUSSION 
 
Leaf tissue nutrients concentration 
 

Nitrogen 
 
On basis of results, scion-rootstock interaction had 
significantly (P<0.05) influenced the leaf N content (Table 
2).  

Among treatments, cultivar Saturn grafted on Local 
rootstock recorded the highest N concentration (2.32%), 
followed by Scarlet O’Hara grafted on Begidu rootstock 
(2.28%), while the least N concentration (1.3%) was 
registered for cultivar Saturn grown on Gircha rootstock 
(Table 2). Among the combinations, (Mleros, Saturn, 
Alkmen and Scarlett O’Hara + Begidu), (Mlerose, Saturn, 
Alkmen and Scarlett O’Hara + Local), (Mlerose, Saturn, 
Alkmen, Scarlett O’Hara and Nela + TT-Gala) and 
(Scarlett O’Hara + Gircha) recorded optimum nitrogen 
concentrations within the range of 2.00-2.25% as stated 
by Heckman (2004) whereas combinations Nela + 
Begidu, Local and Gircha, Mlerose, Saturn and Alkmen + 
Gircha registered under deficient range (below 0.2%).  
Regarding individual cultivar grafted on Begidu, Local 
and TT-Gala rootstocks, the value of N content recorded 
was within the standard or optimum range as stated by 
Heckman (2004). Whereas cultivars grafted on Gircha 
rootstock had less value and under deficient range with 
combination  of  Saturn  and   Alkemin   on   Gircha.  This  
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Table 1. Effects of combination of cultivar and rootstock on apple leaf nutrient concentration. 
 

Treatment N (mg/ 100 g
 -1

 FW) P (%) K (%) Ca (%) Mg (%) 

Begidu  + Mleros 2.12±0.01
bdac

 0.22±0.01
fg

 1.38±0.01
def

 1.34±0.04
dfe

 0.28±0.01
f
 

Begidu + Saturn 2.14±0.01
bdac

 0.21±0.01
fgh

 1.44±0.01
de

 1.06±0.01
i
 0.25±0.01

g
 

Begidu + Alkmen 2.08±0.01
bdac

 0.35±0.01
bc

 1.26±0.01
gef

 1.29±0.2
fge

 0.38±0.01
cb

 

Begidu + Scarlet 2.13±0.01
bdac

 0.16±0.01
jigh

 2.09±0.01
a
 1.27±0.4

hfge
 0.35±0.01

ed
 

Begidu + Nela 1.82±0.01
de

 0.32±0.01
dc

 1.02±0.01
g
 1.23±0.01

hfgi
 0.22±0.01

h
 

Local + Mlerose 2.18±0.01
bac

 0.29±0.05
de

 1.94±0.01
ba

 1.31±0.01
fge

 0.35±0.01
ed

 

Local + Saturn 2.32±0.01
a
 0.31±0.07

dc
 1.48±0.01

de
 1.12±0.01

hgi
 0.17±0.02

i
 

Local + Alkmen 2.22± 0.01
ba

 0.18±0.01
jfigh

 1.86±0.02
ba

 1.22±0.01
hfgi

 0.17±0.01
i
 

Local + Scarlet 2.28±0.01 
a
 0.43±0.05

a
 1.44±0.6

de
 1.45±0.01

dce
 0.24±0.01

hg
 

Local + Nela 1.8d±0.01
e
 0.14±0.01

ji
 1.78±0.1

bc
 1.33±0.01

dfe
 0.25±0.01

g
 

tt-Gala + Mlerose 2.27±0.01
a
 0.37±0.01

bc
 1.58±0.01

dc
 1.88±0.01

a
 0.40±0.01

b
 

tt-Gala + Saturn 2.23±0.01
ba

 0.33±0.01
dc

 1.93±0.01
ba

 1.73±0.01
ba

 0.36±0.01
cd

 

tt-Gala + Alkmen 2.28±0.01
a
 0.16±0.01

jigh
 1.98±0.01

ba
 1.58±0.01

bc
 0.33±0.01

e
 

tt-Gala + Scarlet 2.25±0.01
a
 0.4±0.01

ba
 1.48±0.01

de
 1.08±0.01

hi
 0.45±0.01

a
 

tt-Gala + Nela 2.22 ±0.01
ba

 0.24±0.01
fe

 1.78±0.01
bc

 1.38±0.01
dfce

 0.23±0.01
hg

 

Gircha + Mlerose 1.84±0.6
dec

 0.19±0.4
jfigh

 1.35±0.1
def

 0.42±0.01
k
 0.11±0.02

j
 

Gircha + Saturn 1.3±0.01
f
 0.12±0.01

j
 1.23±0.02

gef
 0.62±0.01

j
 0.13±0.01

j
 

Gircha + Alkmen 1.7±0.01
e
 0.2±0.9

figh
 1.03±0.01

g
 0.63±0.01

j
 0.13±0.01

j
 

Gircha + Scarlet  2.27±0.01
a
 0.18±0.01

jfigh
 1.96±0.2

ba
 1.52±0.01

dc
 0.24±0.01

g
 

Gircha + Nela 1.88±0.6
bdec

 0.15±0.01
jih

 1.18±0.01
gf

 0.44±0.04
k
 0.13±0.01

j
 

LSD 0.05 0.13 0.02 0.09 0.07 0.009 

CV (%)  8.85 % 5.6 % 8.6 % 9.0 % 5.0 % 
 

N=Nitrogen P= Phosphorous K= Potassium Ca= Calcium Mg= Magnesium CV=Coefficient of variation LSD=Least significant difference. 

 
 
 
CEC, characteristics of root exudates, due to the 
interspecific difference among rootstocks with respect to 
nutrient absorption and the transference of this traits to 
the scion variety and phenotype of the scion cultivars 
(Kucukyumuk and Erdal, 2011). In comparing leaf mineral 
composition of the same cultivar with four different 
rootstocks and the same rootstock with five different 
cultivars, there was a lack of consistency between 
rootstocks and their combination; this indicates that there 
was a strong influence of rootstocks and scion cultivars in 
uptake of mineral nutrients. The results agree with 
Kucukyumuk and Erdal (2011), Joubert et al. (2011) and 
Fazio et al. (2013). Amiri et al. (2014) reported that, 
rootstocks had a significant effect on scion leaf mineral 
concentration in apples. This study confirmed that, the 
uptake and transport of nutrients to the scion was mainly 
determined by the type of rootstocks on which the 
cultivars were grown. These findings are in line with 
Webster (2004), Abdolhossein et al. (2012) and Kebede 
(2016) who reported that rootstocks directly influenced 
the ability of grafted cultivars for absorption of nutrients 
from the soil. 
 
 
Phosphorous 
 
There was significant (p<0.05) interaction between scion-

rootstock combination in viewpoint of total phosphorous 
concentration (Table 3). 

Maximum P concentration (0.43%) was recorded for 
cultivars Scarlett O’Hara grafted on local rootstock 
followed by cultivar Scarlett O’Hara grown on TT-Gala 
rootstock (0.4%) and least was registered for cultivar 
Saturn grafted on Gircha rootstock (0.12%) (Table 1). 
Among the treatments, the combinations of (Mleros, 
Saturn, Alkmen and Nela + Begidu), (Mlerose, Saturn 
and Scarlett O’Hara + Local), (Mlerose, Saturn, Scarlett 
OHara, and Nela + TT-Gala) and (Alkmen + Gircha) were 
recorded within the optimum levels of phosphorus as 
stated by Heckman (2004) whereas the remaining 
combinations such as (Scarlett O’Hara + Begidu), 
(Alkmen, Nela + Local), (Alkmen + TT-G) and (Mlerose, 
Saturn, Scarlett O’Hara and Nela + Gircha) recorded 
values within the deficient levels and below 0.2%. 

The above mentioned combinations which ranged 
within optimum (0.2-0.3%) levels for phosphorus 
concentration may be due to well-matched scion-
rootstock combination that favored better up take and 
translocation of P to the leaves of the cultivars. On the 
contrary, the deficient levels might be due to less 
available Phosphorous existence within the soil and 
compatibility between scion-rootstock interactions and 
which result in poor phosphorus absorption. These 
results agree with Kucukyumuk and Erdal (2011), Joubert 
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Table 2.  ANOVA for nitrogen influenced by scion-rootstock combination. 
 

Source DF Mean square F Value Pr > F 

Rootstock 3 0.55494667 16.52 <.0001 

Scions 4 0.15002083 4.47 0.0045 

Replication  2 0.01398500 0.40 0.6705 

Scions*rootstock 12 0.12645083 3.76 0.0008 

Error 38 0.03358   

cv 8.85%    
 
 
 

Table 3. ANOVA Phosphorous influenced by scion-rootstock combination. 
 

Source DF Mean square F Value Pr > F 

Rootstock 3 0.04819722 42.84 <.0001 

Scions 4 0.01359583 12.09 <.0001 

Replication  2 0.00162167 1.48 0.2414 

Scions*Rootstock 12 0.02684028 23.86 <.0001 

Error 38 0.001125   

cv 5.6%    
 
 
 

Table 4. ANOVA Potassium influenced by scion-rootstock combination. 
 

Source DF Mean square F Value Pr > F 

Rootstock 3 0.57657500 31.59 <.0001 

Scions 4 0.15203917 8.33 <.0001 

Replication  2 0.02973500 1.69 0.1990 

Scions*Rootstock 12 0.33760694 18.50 <.0001 

Error 38 0.01825   

cv 8.6%    

 
 
 
et al. (2011), Fazio et al. (2013) and Amiri et al. (2014), 
who reported that, rootstocks had a significant effect on 
scion leaf mineral concentration in apples. 
 
 
Potassium  
 
Leaf potassium concentration was significantly (p<0.05) 
affected by different combinations of scion-rootstock 
interaction (Table 4).  

The maximum K concentration (2.09%) was recorded 
for cultivars Scarlett O’Hara grafted on local rootstock 
followed by cultivar Alkmen grown on TT-Gala rootstock 
(1.98%) and least was registered for cultivar Alkmen 
grafted on Gircha rootstock (1.03%) (Table 1). Among the 
treatments, combinations of (Mleros, Saturn, Alkmen, 
Scarlett O’Hara + Begidu), (all cultivar with Local) (all 
cultivar with TT-Gala), and (Mlerose, Saturn and Scarlett 
O’Hara + Gircha) were within optimum range (1.25-
1.75%) of potassium stated by Heckman (2004), while 
combination of (Nela, Saturn and Alkmen + Gircha)  were 

recorded under deficient range (below 1.25%); this 
indicates that the combinations within the optimum range 
were more efficient in uptake and transport of K

+
 nutrient 

whereas combinations in deficient levels implies poor 
compatibility and inefficient potassium uptake. The other 
alternative reason was probably due to the variation of 
CEC. These differences in K

+
 accumulation in leaf tissues 

of scion cultivars may be due to variation in absorption 
capacity of rootstock or differences in the incorporation of 
K

+
 ions into xylem and their translocation from root to 

shoot. 
Previous researchers have reported contrasting results. 

Georgiou (2002) and Tsakelidou et al. (2002) reported 
that, rootstocks had no effect on K

+
 concentration. 

However, the present study confirmed significant effects 
of rootstocks in absorption of K

+
, even causing deficiency 

for certain scion-rootstock combinations. These findings 
are in line with Abdolhossein et al. (2012) and Kebede 
(2016) who reported that rootstocks directly influence the 
ability of grafted cultivars for absorption of nutrients from 
the soil.  
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Table 5. ANOVA Calcium influenced by scion-rootstock combination. 
 

Source DF Mean square F Value Pr > F 

Rootstock 3 1.71947111 147.28 <0.0001 

Scions 4 0.10427917 8.93 <0.0001 

Replication  2 0.00068167 0.06 0.9460 

Scions*Rootstock 12 0.29546694 25.31 <0.0001 

Error 38 0.011675   

cv 9.0%    

 
 
 

Table 6. ANOVA for Magnesium influenced by scion-rootstock combination. 
 

Source DF Mean square F Value Pr > F 

Rootstock 3 0.11569778 673.97 <0.0001 

Scions 4 0.02476917 144.29 <0.0001 

Replication  2 0.00042000 2.65 0.0838 

Scions*Rootstock 12 0.01129361 65.79 <.0001 

Error 38 0.00017167   

cv 5.0%    

 
 
 
Calcium  
 
The analysis of variance showed that, scion-rootstock 
interaction was significantly (p<0.05) affected by leaf 
Calcium concentration (Table 5). 

The maximum Ca concentration (1.88%) was recorded 
for cultivars Mlerose grafted on TT-Gala rootstock 
followed by cultivar Saturn grown on TT-Gala rootstock 
(1.73%) and least was registered for cultivar Mlerose 
grafted on Gircha rootstock (0.42%) (Table 1). Among the 
twenty treatments, the following combinations (Mlerose, 
Alkmen, Scarlett O’Hara and Nela + Begidu), (Mlerose, 
Alkmen, Scarlet and Nela + Local), (Mlerose, Saturn, 
Alkmen and Nela + TT-Gala) and (Scarlett O’Hara + 
Gircha) were recorded in the optimum range (1.2-1.6%) 
of calcium as stated by Heckman (2004) whereas the rest 
combinations of (Saturn + Begidu), (Saturn + Local), 
(Scarlett O’Hara + TT-Gala), (Mlerose, Saturn, Alkmen 
and Nela + Gircha) were recorded within the deficient 
levels (below 1.2%). 

This might be due to the interspecific difference among 
rootstocks with respect to nutrient absorption and the 
transference of these traits to the scion variety and 
phenotype of the scion cultivars (Kucukyumuk and Erdal, 
2011). These results are in agreement with earlier 
findings on apple (Jitender et al., 2005; Wertheim, 1998) 
who reported that, apple rootstocks’ performance differed 
due to scion-rootstock interaction. And also these results 
are in line with study of Kebede (2016) who reported that 
rootstock effects occur because each rootstock has a 
different root growth pattern which influences nutrient 
concentrations. 

Magnesium  
 
The interaction effects of scion-rootstock had significantly 
(p<0.05) influenced leaf Mg concentration (Table 6).  
The maximum Mg concentration (0.45%) was recorded 
for cultivars Scarlett OHara grafted on TT-Gala rootstock 
followed by cultivar Mlerose grown on TT-Gala rootstock 
(0.40%) and least was registered for cultivar Mlerose 
grafted on Gircha rootstock (0.11%) (Table 1). Out of the 
treatments, the combinations of (Mlerose, Saturn, Alkmen 
and Scarlet + Begidu), (Mlerose, Scarlett O’Hara & Nela 
+ Local), (Mlerose, Saturn, Alkmen and Scarlett O’Hara + 
TT-Gala) were recorded in the optimum range (0.25-
0.40%) of Magnesium as stated by Heckman (2004) 
whereas the rest combinations of (Nela + Begidu), 
(Saturn and Alkmen + Local), (Nela + TT-Gala), and (all 
cultivar with Gircha) were registered under deficient 
range (below 0.25%). The combinations ranges below 
optimum levels might be due to excess K which prevents 
Mg uptake due antagonistic effect of variations in CEC, 
characteristics of root exudates, and therefore the correct 
quantities must be given to reduce Ca related disorders 
(Shear and Faust, 1980). These findings are in line with 
Webster (2004), Zarrouk et al. (2005), and Kebede 
(2016) who reported that, rootstocks directly influence the 
ability of grafted cultivars for absorption of nutrients from 
the soil. 
 
 
Conclusion 
 
The  results  revealed  that  scion-rootstock   combination  
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significantly (P<0.05) influenced leaf nutrient (N, P, K, Ca 
and Mg) contents. In general, based on the results of the 
present study, it can be concluded that nutrient 
concentrations were influenced by different scion-
rootstock combination. The nutrient concentration of 
apple tree at study area can therefore be improved by 
selecting best compatible scion-rootstock combination. 
Under the study, soil condition, Mlerose, Saturn, Alkmen 
and Scarlett O’Hara cultivars grafted on Begidu, TT-Gala 
and Local rootstocks demonstrated better and adequate 
leaf nutrient concentration. Based on the present study, it 
can also be reflected that almost all cultivars grafted on 
TT-Gala rootstock were well-matched (compatible) for 
better accumulation of N, P, K, Ca and Mg for most of the 
apple cultivars studied.  

Among the combinations, all scions grafted on Gircha 
rootstock showed least performances whereas cultivar 
Nela is inferior in leaf nutrient concentration from all the 
rootstocks to its leaves. The scion-rootstock combination 
is fundamental for optimal growth and leaf nutrient 
concentration. Each rootstock has its own root growth 
pattern, so that this difference influences leaf nutrient 
concentrations. Therefore, it should be necessary to 
accept scion-rootstock combination with an in-depth 
evaluation locally. In general, the study confirmed that 
leaf nutrient concentration of the apple scion was 
determined by the type of rootstocks as well as scion 
cultivars. 
 
 
Recommendation 
 
Based on results it can be determined that rootstock 
influenced leaf nutrient concentrations of apple cultivars. 
However, it is difficult to make overall generalized 
recommendations for suitability of rootstock for particular 
apple cultivars because some cultivars and rootstocks 
combinations induced positive effect on nutrient 
concentrations but did not find it so significant for other 
important characters. However, based on the 
combinations of Mlerose, Saturn, Alkmen and Scarlett 
O’Hara cultivars grafted on Begidu, tt-Gala and Local 
rootstocks were identified as best compatible for leaf 
nutrient concentrations. However, the nutrient uptake and 
translocation of the rootstocks is much determined by the 
final yield and quality of apple fruit tree. Thus, the 
research ideas that emerged from this study and the 
recommendations for further action are as follows: 
 
i) The growth and leaf nutrient concentrations of cultivars 
under study soil condition were determined by rootstock 
types used. Thus, rootstocks that are compatible with the 
cultivars should be identified before grafting. 
ii) Miss-combination of scion-rootstock may leaf nutrient 
concentrations of apple cultivars. Therefore, before 
grafting, the right rootstock type should be selected by 
choosing correct combination. 
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