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ABSTRACT

In this study carried out in 2009 and 2010 grow-
ing seasons, effect of rootstocks on plant nutri-
tion partitioning in grafted watermelon onto four
gourd rootstocks was investigated. Ferro,
RS841 (Cucurbita maxima x C. moschata) and
Argentario and Macis (Lagenaria hybrid) were
used as rootstocks. Crimson Tide and Crisby
watermelon cultivars were used as scion.
Grafted and ungrafted seedlings were produced
by a commercial seedling company. Plants were
grafted by one cotyledon grafting techniques.
Experiment was conducted in Alata Horticultural
Research Station in Mersin. The grafted plants
were planted under low tunnel in early spring
and regular cultural practices for watermelon
were applied. Plant nutrition concentrations
were determined in leaf, fruit rind, fruit flesh and
seeds. Leaf sample was taken at flowering stage,
rind, flesh and seed sample were taken from
fully mature fruit. Nitrogen concentration was
determined by modified Kjheldahl methods.
Phosphorous concentration was determined by
vanadomolybdophosphoric acid method. K, Ca,
Mg, Fe, Mn, Zn and Cu concentration of samples
were determined by atomic absorption spec-
trophotometry. Plant nutrient concentration in
leaf, rind, flesh and seed were significantly af-
fected by rootstocks. Increase in concentration
of N, P, K, Ca and Mg in leaves was not observed
in grafted plant. Ungrafted plant had higher
concentration of Fe, Mn, Zn and Cu in their
leaves. Ca concentration in rind of fruits from
grafted watermelon was higher than ungrafted
control plant except Crimson Tide/Macis and
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Crimson Tide/Argentario graft combinations. Plant
nutrition content of fruit flesh was significantly
affected by rootstocks and scion. Magnesium,
Fe, Zn and Mn concentration of seed was not
significantly influenced by rootstocks and scion
while other plant nutrient content was signifi-
cantly affected rootstocks and scion.

Keywords: Watermelon; Grafting; Rootstocks;
Plant Nutrition Partitioning

1. INTRODUCTION

Watermelon (Citrullus lanatus (Thunb.) Matsum and
Nakai) is one of the most economically important and
widely cultivated vegetable crops in Turkey and in the
Mediterranean region. Turkey is the world’s second larg-
est watermelon producing country after China, with 3.86
x 10° t per year [1]. Watermelon has been grown inten-
sively for many years in certain regions of the country.
One of the most serious problems of watermelon produc-
tion is a decrease in yield due to soil-borne diseases, in
particular Fusarium, and successive cropping. One of the
most effective methods in controlling Fusarium wilt of
watermelon is crop rotation, suggesting that watermelon
should not be cultivated at least for five years in the same
field infested with the Fusarium wilt pathogen [2]. On
the other hand, grafting of susceptible varieties onto re-
sistant rootstocks may enable the control of some soil-
borne diseases and has positive impact on yield and
quality [3,4-6]. Purposes of grafting in watermelon were
to control soil-borne disease such as Fusarium wilt [7-9],
to promote the mineral nutrient uptake [10] and plant
growth [7,11], but the objectives of grafting have in-
creased significantly over the years. For instance, graft-

OPEN ACCESS


mailto:yetisir1@yahoo.com

H. Yetisir et al. / Agricultural Sciences 4 (2013) 230-237 231

ing have been used to improve resistance against low [12]
and high temperatures [13], against iron chlorosis in cal-
careous soils [14], to improve salinity tolerance of plant
[14,15], to enhance nutrient absorption [16], to improve
water use [17], to minimize copper toxicity [18] to im-
prove alkalinity tolerance [19] and to enhance tolerance
to excessive water in soil [20].

Effects of rootstock on uptake, translocation and utili-
zation of plant nutrients were reported in previous stud-
ies [21-24]. Nevertheless, no published data is available
concerning the effects of rootstocks on plant nutrient
concentration of different plant organs of watermelon.
The objective of this work was to investigate the effects
of grafting on plant nutrient concentration of different
organs of watermelon.

2. MATERIALS AND METHODS

The experiment was conducted in spring seasons of
2009 and 2010 in Alata Horticultural Research Station in
Mersin-Turkey. Ferro, RS841 (Cucurbita maxima x C.
moschata) and Argentario and Macis (Lagenaria hybrid)
were used as rootstocks. Crimson Tide and Crisby wa-
termelon cultivars were used as scion. Grafted and un-
grafted seedlings were produced by a commercial seed-
ling company (Grow Fide, Antalya, Turkey). The grafted
plants grown in greenhouse were transplanted in low
tunnel on March 12, 2009 and March 15, 2000 and the
tunnels were removed when the outside air temperature
was suitable (20°C - 25°C) for watermelon growth. Soil
texture of experimental area was sandy. Plants were fer-
tilized with 180 kg N ha ™', 200 kg P,Os ha™' and 180 kg
K,0 ha™'. Micro nutrient fertilization was not applied.
Total P was applied before transplanting to the field. Ni-
trogen and K,O were divided into three equal portions.
The first portion was applied before transplanting to the
field, the second portion was 20 days after transplanting
and the third portion was 40 days after transplanting in
the field. The experimental design was a completely
randomized block design. Each treatment was replicated
four times with 20 plants in each replicate. Plants were
grown with 3.0 x 0.6 m spacing.

Leaves were sample at flowering stage while fruit
flesh, rind, and seed were sampled from fully ripe fruits
for macro (N, P, K, Ca and Mg) and micro (Fe, Cu, Mn
and Zn) plant nutrient analysis. Nitrogen concentration
was determined by modified Kjheldahl methods. Phos-
phorous concentration was determined by vanado-
molybdophosphoric acid method. K, Ca, Mg, Fe, Mn, Zn
and Cu concentration of samples were determined by
atomic absorption spectrophotometry.

Analysis of variance was performed using SAS [25].
Means were separated using the LSD method at 0.05
significance level.
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3. RESULTS
3.1. Leaf

Leaf mineral composition of grafted watermelons onto
different rootstocks was presented in Table 1. Rootstocks
effect on leaf mineral composition of grafted watermelon
was significant. The highest N concentration of leaf was
recorded in C.T./Ferro while the lowest N was deter-
mined in Cr./Ferro combination. Same results were ob-
served in P content. The highest K content was recorded
in leaf of C.T./Argentario, lowest K content was deter-
mined in Cr/RS841. Cr./Ferro had the highest Ca content
while the lowest Ca content was in C.T./Macis. Crisby
had higher Ca content than Crimson Tide. The highest
Mg was determined in Cr./Ferro while C.T./Macis had
the lowest Mg. The highest Fe was recorded in ungrafted
Crisby. Crimson Tide and other graft combinations had
similar Fe content (80 - 97 ppm). Ungrafted control
plants had higher content of Zn than grafted plants.

Ungrafted Crisby had the higher content of Zn while
the lowest Zn content determined in C.T./Ferro. Similar
results were found for Mn. Crimson Tide and C.T./Macis
had the highest Cu content while the lowest Cu content
was determined in Cr./RS841, Cr./Ferro, Cr./Argentario
and C.T./Argentario (Table 1).

3.2. Fruit Rind

Fruit rind N concentration was significantly influenced
by both rootstocks and scion. Crisby and its graft com-
binations had higher content of N in the rind except
Cr./Argentario. The highest N was determined in Crisby
grafted onto Ferro and RS841 whereas the lowest N was
determined in ungrafted Crimson Tide.

Grafting onto different rootstocks significantly in-
creased the rind N content of Crisby while the rind N
content of Crimson Tide was not significantly affected.
Similar results were obtained for P content of fruit rind
(Table 2). The highest K was determined in rind of
Cr./Ferro and Crsiby while the lowest K was recorded in
C.T./Argentario. Ungrafted Crisby and its graft combina-
tions had higher K concentration in fruit rind than Crim-
son Tide and its graft combinations. Ca content of the
rind was affected by rootstocks and cultivars. The highest
Ca was recorded in Cr./Ferro and C.T./Ferro while lowest
Ca was in Crimson Tide grafted onto Macis and Argen-
tario. The plants grafted onto Ferro and RS841 higher
Mg concentration in the fruit rind than the controls and
the plants grafted onto Lagenaria rootstocks. Crisby
grafted onto Macis had the lowest Mg content in the rind.
Iron concentration of fruit rinds was significantly af-
fected by rootstocks and scion. Grafting did not cause
significant increase in Fe concentration of fruit rinds.
Ungrafted Crimson Tide had the highest Fe and the
lowest Fe was determined in C.T./RS841, Cr./Macis and
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Table 1. Macro (%) and micro (ppm) plant nutrient concentration of grafted watermelon leaf.
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Combinations N P K Ca Mg Fe Zn Mn Cu
C.T./Ferro 3.14 0.21 1.56 2.74 0.38 80.3 22.0 23.1 11.4
Cr./Ferro 2.46 0.21 1.39 4.30 0.63 90.7 249 28.4 10.5

C.T./RS841 2.57 0.25 1.58 3.61 0.56 90.7 253 29.4 12.3
Cr/RS841 2.74 0.23 1.25 3.79 0.62 84.8 24.6 26.1 10.1
C.T./Macis 2.81 0.23 1.50 2.37 0.21 82.8 30.8 29.6 13.1
Cr./Macis 2.60 0.25 1.49 3.57 0.30 96.8 30.4 375 12.2

C.T./Agentario 2.63 0.21 1.70 3.53 0.36 79.8 30.0 39.3 10.7

Cr./Agentario 2.62 0.22 1.36 3.80 0.34 86.4 33.6 38.1 10.5

Crimson Tide 2.71 0.26 1.67 3.44 0.38 86.9 33.0 44.7 13.1

Crisby 2.88 0.33 1.51 3.85 0.43 130.9 443 56.7 12.4

Lsdo.os 0.03 0.02 0.04 0.09 0.03 6.3 0.9 1.7 0.4

Table 2. Macro (%) and micro (ppm) plant nutrient concentration in rind of grafted watermelon.

Graft combinations N P K Ca Mg Fe Zn Mn Cu
C.T./Ferro 2.50 0.35 3.97 0.53 0.20 33.6 12.0 2.7 33
Cr./Ferro 3.20 0.48 432 0.55 0.18 27.9 15.0 5.1 2.8
C.T./RS841 1.86 0.35 3.60 0.32 0.16 24.2 15.0 29 3.0
Cr./RS841 3.10 0.40 3.93 0.32 0.15 29.7 14.8 3.7 2.7
C.T./Macis 1.85 0.30 3.29 0.18 0.10 40.3 12.6 2.7 2.0
Cr./Macis 2.65 0.39 3.54 0.36 0.14 23.8 14.0 3.1 4.6
C.T./Agentario 2.03 0.33 2.93 0.16 0.13 222 139 22 23
Cr./Agentario 2.50 0.36 3.26 0.23 0.12 312 12.3 23 2.0
Crimson Tide 1.80 0.36 3.65 0.21 0.12 514 15.9 3.0 2.6
Crisby 2.05 0.41 4.30 0.32 0.15 279 14.5 3.9 2.0
Lsdyos 0.31 0.02 0.3 0.02 0.01 2.5 1.8 0.5 0.7

C.T./Argentario. Grafting onto different rootstocks did
not significantly increase Zn content of the fruit rinds.
C.T./Macis, Cr./Argentario and C.T./Ferro had the lowest
Zn in the rind and other combinations had higher Zn in
the rind. Manganese concentration of fruit rind was sig-
nificantly affected both rootstocks and scion. The highest
Mn concentration was determined in rind of the fruit
harvested from Cr./Ferro while the lowest Mn concentra-
tion was recorded in the plants grafted onto Argentario.
Ungrafted Crisby and Cr./Ferro and Cr./RS841 had
higher Mn concentration in the rind than other graft
combinations and Crimson Tide. Cupper content of the
rind was varied based on rootstock and scion. The high-
est Cu content was determined in Crisby grafted onto
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Macis while Cr./Argentario, C.T./Macis and ungrafted
Crisby had the lowest Cu concentration.

3.3. Fruit Flesh

Mineral composition of the fruit flesh was signifi-
cantly affected by rootstocks and scions (Table 3). The
fruit flesh harvested from Cucurbita rootstocks had
higher N concentration except C.T./RS841 graft combi-
nation. Phosphorous content of the fruit flesh showed
significant variation based on rootstock and scion.
Cr./Macis, C.T./Argentaio, Cr./Macis and ungrafted
Crisby had lower P concentration than others. Grafting
increased significantly K concentration of fruit flesh in
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Table 3. Macro (%) and micro (ppm) plant nutrient concentration in flesh of grafted watermelon.

Graft combinations N P K Ca Mg Fe Zn Mn Cu
C.T./Ferro 1.91 0.14 1.27 0.03 0.12 76.7 7.5 3.0 2.5
Cr./Ferro 2.31 0.15 1.42 0.07 0.13 44.7 6.8 3.0 34
C.T./RS841 1.11 0.13 1.24 0.08 0.11 45.1 5.5 1.8 2.8
Cr./RS841 1.91 0.16 1.73 0.05 0.13 40.0 79 24 4.5
C.T./Macis 1.71 0.17 1.33 0.08 0.11 46.4 6.0 3.1 2.3
Cr./Macis 1.81 0.11 1.25 0.07 0.10 40.8 5.1 32 5.4
C.T./Agentario 1.51 0.13 1.18 0.07 0.10 39.0 6.3 3.4 2.7
Cr./Agentario 1.83 0.13 1.22 0.06 0.09 325 6.6 24 4.5
Crimson Tide 1.60 0.15 1.34 0.07 0.12 40.7 5.5 2.8 2.3
Crisby 1.41 0.10 1.18 0.11 0.11 45.7 5.6 2.4 5.1
Lsdo.os 0.03 0.02 0.04 0.01 0.003 8.6 0.3 0.3 0.7

Crisby whereas there was no significant effect in Crim-
son Tide regarding flesh K content. Cr./RS841 had the
highest K while the lowest K was found in C.T./Argen-
tario and Crisby.

There was significant decrease in flesh Ca concentra-
tion of grafted Crisby while flesh Ca concentration in-
creased by grafting in Crimson Tide except C.T./Ferro.
Rootstocks and scion had significant effect on fruit flesh
Mg concentration. Crisby grafted onto Ferro and RS841
had the highest Mg concentration in the flesh while
Crisby grafted onto Argentario and Macis had the lowest
Mg in the flesh. Iron concentration of the flesh changed
depending on rootstocks and scions. C.T./Ferro had the
highest Fe concentration of flesh while the lowest Fe
concentration was determined in flesh of Cr./Argentario.
Zinc content of the flesh was increased by grafting in
both watermelon cultivars, except C.T./RS841 and Cr./
Macis combinations. Manganese concentration of the
flesh was significantly increased in grafted plant, except
for C.T./RS841. Ungrafted Crisby, Cr./Argentario, Cr./
RS841 and C.T./RS841 had lower Zn concentration in
the flesh. Grafting had no significant effect on Cu con-
centration of the flesh while Cu concentration was sig-
nificantly affected by scion cultivar. Ungrafted Crisby
and its graft combination had higher Cu concentration
than Crimson Tide and its graft combinations.

3.4. Seed

Mineral composition of seed was not affected by root-
stocks and scion, except for Nitrogen and Cu (Table 4).
The highest N concentration was determined in the seed
among analyzed plant organ in this study. Grafting
caused significant increase in N content of the seed in
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Crisby and Crimson Tide, except for C.T./Argentario
containing lower N concentration in seed in compare to
ungrafted plants. Grafting significantly increased seed
Cu content in both watermelon cultivar. C.T./Macis and
Cr./Macis had significantly higher Cu content in the flesh
than other graft combinations. The lowest Cu concentra-
tion in the seed was recorded in Crisby cultivar.

4. DISCUSSION

The nutrient concentration ranges of analyzed ele-
ments were within the standard or normal values re-
ported for watermelon [26], and any deficiency symptom
was not observed. Plant nutrients concentration in the
leaf was significantly affected by both rootstocks and
scion (Table 1). C.T./Ferro had significantly higher N
concentration while five graft combinations had lower N
content than the control plants in the leaves. Phosphorous
concentration was lower in the grafted plants than the
controls. This decrease is more apparent in Crisby culti-
var. Both rootstocks and scion had significant effect on K
concentration of the leaf. Crimson Tide and its graft
combinations had higher K in their leaves. C.T./Argen-
tario had the highest K concentration in the leaf. Calcium
concentration of leaves was influenced by scion and
rootstocks. All grafted plants had significantly lower Ca
concentration in the leaf than the controls, except Cr./
Ferro and Cr./Argentario. Magnesium concentration of
the leaf showed increases or decreases based on root-
stocks and scions. All grated plants and ungrafted Crim-
son Tide had similar values regarding leaf Fe concentra-
tion. Grafted plants had lower Zn, Mn and Cu concentra-
tion than the controls. These three minerals were signifi-
cantly affected by rootstocks and scion.
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Table 4. Macro (%) and micro (ppm) plant nutrient concentration in seed of grafted watermelon.

Graft combinations N P K Ca Mg Fe Zn Mn Cu
C.T./Ferro 3.45 0.51 0.69 0.10 0.22 28.8 28.6 9.0 11.8
Cr./Ferro 3.27 0.50 0.57 0.08 0.22 29.6 23.4 11.8 10.2

C.T./RS841 3.50 0.53 0.71 0.11 0.23 26.7 23.5 9.9 11.5
Cr./RS841 3.29 0.51 0.61 0.07 0.23 343 25.8 11.2 11.4
C.T./Macis 3.01 0.51 0.76 0.10 0.22 27.0 23.6 10.8 12.6
Cr./Macis 3.00 0.55 0.70 0.15 0.21 33.7 26.2 9.6 13.3
C.T./Agentario 2.55 0.44 0.65 0.08 0.19 28.1 20.3 8.1 11.3
Cr./Agentario 3.34 0.49 0.57 0.08 0.21 313 22.5 9.5 10.9
Crimson Tide 3.04 0.54 0.74 0.10 0.19 30.5 27.6 10.9 11.2
Crisby 2.86 0.48 0.62 0.13 0.21 28.5 25.8 10.3 9.8
Lsdy.os 0.13 ns ns ns ns ns ns ns 1.7

Our results showed that plant nutrients concentration
in the leaf was affected by not only rootstocks but also
scion. The effect of the rootstock on the mineral compo-
sition of aerial plant parts was principally explained with
physical characteristics of the root system, such as lateral
and vertical development, which resulted in enhanced
uptake of water and minerals [27,28], this being one of
the main purposes for the widespread use of rootstocks
[3]. However, significant influence of rootstocks on leaf
mineral content was not found in grafted fruit trees while
scion genotypes was found more effective in changing of
leaf mineral content [29]. It was reported that the vigor
of the scion and rootstock had an significant role in the
uptake and translocation of nutrients in grafted fruit trees
[30], while the leaf concentration of certain essential
minerals in pistachio plant (Pistachia vera L.) were sig-
nificantly affected by different rootstocks [31]. Increased
utilization of N grafted melon [16] and watermelon [24]
was reported. In grafted Solanaceous crops (tomato and
pepper) plant, no significant differences were found in
nitrogen concentration between graft combinations (to-
mato/tomato, tomato/pepper, pepper/tomato and pep-
per/pepper) [32]. Similarly, there was no significant dif-
ference in nitrogen status of grafted watermelon onto
different rootstocks under improved alkalinity conditions
[19]. In our study, P content slightly was decreased by
grafting onto different rootstocks and P content was af-
fected by both rootstock and scion. In agreement with
our results, Ruiz et al. [16] demonstrated that rootstock x
scion interaction was affective on P concentration of the
grafted melon plants. In contrast, in Solanaceous species,
Kawaguchi et al. [32]. suggested that rootstocks was has
important role on absorption and translocation of P.
Grafted watermelon had higher leaf P content under sa-
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linity [22], alkalinity [19] and heavy metal [18] stress
conditions. In agreement with [16], some of the grafted
plants had similar K content in the leaf others had lower
K concentration in this study, in other reports significant
increase in K content of leaf was reported in tomato [33]
and watermelon [34]. In consistent with Colla et al. [24],
Ca and Mg were affected both rootstocks and scion and
the grafted plant onto pumpkin rootstocks had higher Mg
content than bottle gourd rootstocks.

Micro nutrients were significantly affected by cultivar
and scion. Ungrafted control plants higher micro nutrient
than the grafted plants except Fe. Similarly, it was re-
ported that grafted cucumber accumulated lower Cu in
shoot of cucumber [18], lower Cu and Fe in tomato [35].
Huang et al. [36] reported a decrease in total microele-
ments, but there were no significant differences for Fe,
Mn, Cu and Zn compared to ungrafted control plants.
The decrease in microelement in grafted plants was ex-
plained by ability of the rootstock to exclude excessive
micro nutrient [18,36]. Therefore, the mineral composi-
tion of the plants is influenced by the rootstock and scion
characteristics but the impact of the scion and rootstocks
may change based on availability of the element and en-
vironmental conditions [37].

Nitrogen, P and K content of fruit rind was signifi-
cantly affected by scion and rootstocks. Increases or de-
creases were observed based on scion/rootstocks combi-
nations. The highest K concentration was determined in
fruit rind among plant organs investigated in this study.
Fruit rind harvested from the plant grafted onto pumpkin
rootstocks had higher Ca and Mg content than the plants
grafted onto bottle gourd rootstocks. Similar results with
leaf microelements contents were observed in fruit rind
except Mn and Cu. Cr./Ferro had higher Mn content in
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rind than the control and other grafted plants, and Cr./
Macis and C.T./Ferro accumulated higher Cu in fruit rind
than other treatments.

The fruit flesh harvested from Cucurbita rootstocks
had higher N concentration except C.T./RS841 graft
combination. Phosphorous content of the fruit flesh
showed significant variation based on rootstock and
scion. Cr./Macis, C.T./Argentario, Cr./Macis and un-
grafted Crisby had lower P concentration than others.
Grafting increased significantly K concentration of fruit
flesh in Crisby whereas there was no significant effect in
Crimson Tide regarding flesh K content. Flesh Ca con-
centration of grafted Crsiby was significantly decreased
while flesh Ca concentration increased by grafting in
Crimson Tide except C.T./Ferro. Rootstocks and scion
had significant effect on fruit flesh Mg concentration.
Crisby grafted onto Ferro and RS841 had the highest Mg
concentration in the flesh while Crisby grafted onto Ar-
gentario and Macis had the lowest mg in the flesh. Iron
concentration of fruit flesh was found similar in all
treatment except C.T./Ferro. Other micro element also
significantly affected by rootstocks and scions.

Mineral composition of seed was not affected by root-
stocks and scion, except for Nitrogen and Cu (Table 4).
The highest N concentration was recorded in seed in in-
vestigated plant organs in this study.

Mineral composition of fruit is one of the fruit quality
parameters. In our study, mineral composition of the
fruits (rind, flesh and seed) was significantly affected by
rootstocks and scion. Scott et al. [38] reported the stage
of fruit development affected elemental concentrations in
the rind tissue and these differed between the blossom
and stem ends of the fruits. There was also a significant
genotype effect on mineral concentration in rind tissue.
Rouphael et al. [18] reported that P and Ca content of
watermelon was not affected by rootstock while K and
Mg content was significantly affected by rootstock under
deficient irrigation conditions. Yield, external and inte-
rior quality characteristics of watermelon fruits in grafted
plants are obviously affected by the scion variety but
rootstock can change drastically these characteristics.
Many conflicting results on changes in fruit quality re-
sulting from grafting were reported [5,7,11,39-41]. The
differences in previous studies may be explained with
different production conditions, type of rootstock/scion
combination.

5. CONCLUSION

Mineral composition of leaf, rind and flesh of water-
melon was significantly affected by not only the scions
but also rootstocks. Any deficiency symptom was not
observed during growing period in the leaves and the
nutrient concentration ranges of analyzed elements were
within the standard or normal values reported for water-
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melon [26]. The effect of rootstock/scion on mineral
composition of fruit rind and flesh is important for fruit
shelf life and nutritive value of watermelon. Rootstock/
scion combinations should be carefully selected and cul-
tural practices (plant density, fertilization, irrigation and
harvest) should be conducted properly based on the root-
stocks/scion combination under specific climatic and ge-
ographic conditions. Therefore, information on charac-
teristics of rootstocks and their possible effect on plant
growth and fruit quality in related environment should be
given by rootstocks suppliers. Appropriate selection of
the combinations can help control soilborne diseases and
also increase yield and improve fruit quality in water-
melon.
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