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Abstract       Research has shown that on sandy soils in southern Oltenia can 
be realized organic crops of watermelons. In watermelons grafted plants 
builds up a larger amount photosynthetic pigments (chlorophyll and carotene) 
and the macroelements (N, P, K). A good supply of plants in macroelements 
during the period growth and development of both plants and fruits, 
lead to a balanced metabolism, with increased accumulation process of 
photosynthesis due to high chlorophyll content of leaves. 

Grafting plants watermelons not negatively influences fruit quality, 
resulting in a higher content of carbohydrates and values very close to total 
dry matter content and soluble.  Changes in soluble dry matter concentrations 
are strongly influenced by variations in total dry matter, water, acidity and C 
vitamin  and correlation factors obtained higher values in fruits obtained from 
plants grafted. 

Watermelons production level was very high and demonstrates that 
the sandy soils can achieve effective economic productions by applying a 
specific cultivation technologies that respects the principles of organic 
agriculture. Increased production by plant grafting is very evident in the 
earliest cultivars. The cultivar Crisby F1 achieved an average production of 
73,7 t / ha  to culture grafted plants and 52,1 t / ha culture of not grafted 
plants, the production growth of 21,6 t / ha. 
 The average production is higher in culture plants grafted on rootstock Macis 
F1 of the species  Lagenaria Syceraria , a production of 62,2 t / ha, with 8,3 t / 
ha higher than in cultures not grafted plants.   
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Worldwide grafting has emerged as a 

necessity in fighting primarily fusariosis to melons and 

watermelons afterwards to. In recent years grafting has 

became an alternative to soil treatment with methyl 

bromide, chemical product removed from the 

agricultural practices worldwide. Research conducted 

in different parts of the world have pursued the 

behavior of grafted plants to disease and achieving 

profitable production and top quality depending 

technological factors applied [1, 4, 5, 6, 7]. 

Culture watermelons grafted plants was 

indroduced in all countries cultivators, their share 

being  from 82% in Turkey, 60% in Greece, 40% in 

Italy. Grafting is practiced in China, USA, Spain, 

France, etc.. In many of these countries grafting 

watermelons has become an industrial character, 

manufacturers grafting featuring specialized spaces, 

tunnels of callus, seedlings growth spaces, grafting 

robots. 

In Romania, on sandy soils in southern 

Oltenia were conducted research on choosing the best 

rootstocks grafted plants, the behavior in specific 

climatic conditions of sandy soils, performing 

quantitative and qualitative production [2, 3, 9,10]. 

In view to recommending cultivars suitable 

for organic growing, has studied the behavior of crop 

cultivars of watermelons in culture through in not 

grafted plants and culture plants grafted on rootstock 

Macis F1, of  the species Lagenaria Syceraria. Were 

conducted researches on plants growth, fruits quality 

and production achieved. 

 

Material and  Method of  Research 

 
 The experiment was located by the method of 

subdivided parcels in four repetitions. Experimental 

plot surface is 18 m
2
. 

Production of seedlings, grafted was made in solar 

greenhouse. Grafting was made in the cleft, the 

rootstock Macis F1, of the species Lagenaria 

syceraria, as technology developed by CCDCPN 
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Dăbuleni. Fertilization experiment was made with 

organic fertilizers 60t/ha manure and plant density was 

5555 plants / ha, achieved by planting seedlings at a 

distance of 1.8 m between rows and 1 m between 

plants in the row. The experience was bifactorial: 

-Factor A - Varieties of watermelons: 

A1 – Crisby F1 

A2 – Rica F1 

A3 – Montana F1 

A4 – Oltenia 

- Factor B - Method of cultivation: 

              B1 - culture grafted plants 

              B2 - through seedling culture. 

Were made the following observations and 

measurements: 

 -  chlorophyll and carotene content: 

            * the contents of  chlorophyll  (a + b) (mg/g 

f.s.) – colorimetric method; 

           * the contents of carotene (mg/g f.s.)- 

colorimetric method; 

NPK content of leaves: 

           * total nitrogen (%)- Kjeldahl method; 

           * total phosphorus (%) - colorimetric method; 

           * total potassium (%)- flam photometric 

method; 

   -biochemical content of fruit:  

           * total dry matter and water (%) - gravimetric 

method; 

           * soluble dry matter (%) -   refractometry 

method; 

           * carbohydrate (%) - Soxleth Reagent method; 

           * titratable acidity (malic acid g/100g f.s.); - 

titrimetric method; 
           * C vitamin  (mg/100 g f.s.)- iodometric 

method; 

    -fruit production (t/ha). 

 

Research has shown that on sandy soils in 

southern Oltenia can be achieved organic crops of 

watermelons. Fertilization with organic fertilizers can 

ensure an optimal regime of nutrients that to ensure a 

good nutrition plants watermelons. 

   Experience was located on a sandy soil with 

an uneven  supply status of major chemical properties. 

 

Results and Discussions 

 
 The results are presented in table 1.

 

Table 1 

The chemical composition of the soil under the cultivation of watermelons on sandy in southern Oltenia 

 

Depth 

(cm) 

Total nitrogen  

(%) 

Phosphorus  

extractable 

(ppm) 

Potassium 

exchangeable 

(ppm) 

 

Organic 

 carbon 

(%) 

pH 

 in water  

0 - 20 0,09-0,10 46-85 58-59 0,35-0,45 6,34-6,60 

20 - 40 0,10-0,11 50-70 45-56 0,32-0,34 6,33-6,68 

 
The results obtained reveal a non-uniform soil 

specifies sandy soils. Nitrogen content was between 

0,09% and 0,11%, values that indicate a state of 

reduced supply from the soil towards the middle. 

 Extractable phosphorus submitted values 

between 46 ppm and 85 ppm, values that characterize 

the soil to be well stocked in phosphor. Reserves on the 

soil they put at the disposal of the plants are in close 

contact with the rocks of parental and somewhat 

proportional to the volume of soil explored by roots. 

Good nutrition with phosphorus leads to the 

development of a rich root system,  having a positive 

influence on plants growth. 

Exchangeable potassium content was comprised 

between 45 ppm to 59 ppm. Values obtained   

characterize the soil with a low to medium supply. 

Variation   in  climatic conditions  has led to changes in 

accessibility and  potassium absorption by plants. 

Registered moisture deficit in the soil at some point 

require increasing application potassium fertilizer low 

accessibility for combating it. In that synthesize large 

quantities of carbohydrates, watermelons require a  

high potassium. Potassium fertilizer efficiency is 

manifested against the background stronger nitrogen 

and phosphorus fertilizers. 

 Organic carbon submitted values between 0,32% - 

0,45% supply status of soil organic matter is reduced, 

which is characteristic of sandy soils. Soil pH  which  

were located experiences varied between 6,33 and 6,68 

values that show a moderately acidic towards the 

neutral reaction. 

 To achieve a high level of production plants in 

soil extract large amounts of nutrients. Application of 

organic fertilizers on plants watermelons intensifies 

plants metabolism, several physiological indices 

improving production both quantitatively and 

qualitatively. Thus, watermelons cultivars studied was 

determined the  content chlorophyll (a + b) and 

carotene, content of N, P, K in leaves, the intense 
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growth of the plants and fruits. The results are 

presented in table 2. 

             The importance of chlorophyll content of 

leaves is important because these pigments play an 

active role in photosynthesis, functioning as final 

acceptor of light energy absorbed pigments only ones 

able to transmit this energy directly reactions leading 

ultimately to reduce CO2 by the carbohydrate reduction 

[8]. The results show a higher content of chlorophyll in 

plants grafted culture. The best results were obtained to 

Crisby F1 cultivar (5,69 mg / g f.s.). Carotene content 

was less influenced by the type of culture, and more 

froms the cultivars studied. Also the nitrogen content 

of leaves submitted higher values in variants with 

grafted plants. The highest nitrogen content of 4,78% 

was determined to cultivar Crisby F1 at grafted plants.

 

Table 2 

 
The influence of cultivation method on chlorophyll and carotene content from leaves at different  

cultivars watermelons, the intense growth of the fruit 

 

Cultivar Cultivation method Chlorophyll(a

+b) 

(mg/g f.s) 

Caroten 

(mg/g f.s) 

Nt 

% 

Pt 

% 

Kt 

% 

Crisby F1 
Culture grafted plants 5,69 0,72 4,78 0,39 1,84 

Culture not grafted plants 5,25 0,69 3,53 0,37 1,73 

Rica F1 
Culture grafted plants 5,01 0,72 3,63 0,37 1,82 

Culture not grafted plants 4,95 0,63 3,55 0,35 1,5 

Montana F1 
Culture grafted plants 5,02 0,76 3,91 0,39 1,78 

Culture not grafted plants 4,17 0,73 3,76 0,38 1,76 

Oltenia 
Culture grafted plants 4,74 0,7 3,73 0,41 1,81 

Culture not grafted plants 4,73 0,65 3,64 0,38 1,68 

 
Analyzing the influence of cultivar on 

chlorophyll and carotene content from watermelons 

leaves, it is found that it was comprised between 4,6 

mg / g f.s. in Montana and 5,47 mg / g f.s. to Crisby F1 

(table 3).  Crisby F1 cultivar was noted by a higher 

content of nitrogen and potassium in leaves. Different 

chlorophyll content at cultivars studied watermelons 

can be a criterion  in the recommendation for their 

production. The literature indicates that a higher 

content of chlorophyll in leaves may favor higher 

intensities of photosynthesis and thus a better harvest, 

even in less favorable climatic conditions.

 

Table 3 

The influence of some cultivars of watermelons on chlorophyll and carotene content of leaves 

 

 

Cultivar 

Chlorophyll(a+b) 

(mg/g f.s) 

Caroten 

(mg/g f.s) 

Nt 

% 

Pt 

% 

Kt 

% 

Crisby F1 5,47 0,71 4,16 0,38 1,79 

Rica F1 4,98 0,68 3,59 0,36 1,66 

Montana F1 4,6 0,75 3,84 0,39 1,77 

Oltenia 4,74 0,68 3,69 0,4 1,75 

 

If we analyze the influence of cultivation 

method, the best results were obtained in grafted plants 

(5,12 mg /g f.s chlorophyll and 0,73 mg /g f.s carotene, 

4,01% Nt., 0,39% Pt., 1,81% Kt.,) (table 4).
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Table 4 

The influence of cultivation method on  chlorophyll and carotene content of leaves 

 

Cultivation method Chlorophyll(a+b) 

(mg/g f.s) 

Caroten 

(mg/g f.s) 

Nt 

(%) 

Pt 

(%) 

Kt 

(%) 

Culture grafted plants 5,12 0,73 4,01 0,39 1,81 

Culture not grafted plants 4,78 0,68 3,62 0,37 1,67 

 
The process of grafting watermelons modify 

in the intensity of plant physiological and biochemical 

processes because rootstock having a strong radicular 

system, he transmits the force and resistance 

characteristics of hybrid grafted on it. In plants grafted 

watermelons is intensifying the accumulation of 

chlorophyll, carotene and macroelements in leaves, due 

to increased  the foliar surface with direct influence on 

the process of photosynthesis. 

The results obtained with regard to the quality 

of the watermelons are the differentiations due to both 

the nature of culture and the study of cultivar (table 5). 

  Total dry matter presented values between  

from 8,20% to cultivar Montana in culture not grafted 

plants and 10,70% in cultivar  Rica, also in culture not 

grafted. The results obtained in the two types of 

cultures are comparable, grafting plants do not in a 

negative way affect fruit quality. At cultivar Montana 

in fruits, has accumulated a greater quantity of total 

dray matter in fruits obtained from plants grafted. The 

total dry matter accumulation in fruits decreases the 

water content was  between 89,30% to 91,80%. 

Soluble dry substance accumulates, also in fruit, in 

maturing period and was between 8,00% to Montana in 

culture not grafted and 10,50% in cultivar  Rica in 

culture not grafted. Watermelons fruit acidity showed 

values between 0,06% to cultivar Oltenia in culture not 

grafted and 0,19% in cultivars Montana and Rica also 

in culture not grafted.  

 Carbohydrate content of the fruit of 

watermelons was influenced by both cultivar studied 

and the type of culture. At the early cultivars (Crisby 

and Rica) carbohydrate content was higher in grafted 

plants, and at the late (Montana and Oltenia) to those 

from  culture not grafted, but the differences are 

comparable to each other. Highest carbohydrate 

content was determined in fruits of cultivar Rica F1 

grafting culture (8,50%). 

  The content of C vitamin was very variable, 

being between 8,80 mg/100g  f.s at cultivar Crisby F1 

grafting culture and 16,72 mg/100g f.s  at  cultivar 

Oltenia in culture  not grafted.

 

Table 5 

 The influence  of the type of crop and cultivar on biochemical composition of fruits watermelons 

 

Cultivar Cultivation method 
Water 

(%) 

Total  

dray 

matter 

(%) 

Soluble 

dray 

matter 

(%) 

Titratable 

acidity 

(g  acid 

malic la 

100g 

f.s.*) 

Carbohy 

drate 

( %) 

C 

vitamin 

(mg/100

g f.s.) 

Crisby  

F1 

Culture grafted plants 91,40 8,60 8,50 0,19 8,17 8,80 

Culture not grafted plants 91,20 8,80 8,70 0,15 7,87 12,32 

Rica 

 F1 

Culture grafted plants 91,30 8,70 8,60 0,08 8,50 11,00 

Culture not grafted plants 89,30 10,70 10,50 0,10 7,68 10,12 

Montana 

F1 

Culture grafted plants 90,10 9,90 9,50 0,19 7,97 9,04 

Culture not grafted plants 91,80 8,20 8,00 0,17 8,07 12,32 

Oltenia 
Culture grafted plants 90,50 9,50 9,40 0,08 7,87 11,44 

Culture not grafted plants 90,00 10,00 9,80 0,06 7,96 16,72 

       f.s.* -  fresh substance 
 

The interdependency relations between these 

components biochemical variations are highlighted the 

significance of simple correlation coefficients. Changes 

in concentrations of soluble dry matter are strongly 

influenced by variations in total dry matter, water, 

acidity and C vitamin  and correlation factors obtained 

have higher values in fruits obtained from grafted 

plants (Table 6). 
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Table 6 

The coefficients of correlation between biochemical components analyzed the fruits of watermelons 

 

Biochemic

al 

component 

studied 

 

Soluble dray 

matter 

 (SDM) 

Total  dray 

matter 

 (TDM) 

Water 
Acidity 

 

Carbohy 

drate 

 

C vitamin 

G NG G NG G NG G NG G NG G N

G 

SDM 1 1           

TDM 0,98
* 

0,99
** 

1 1         

Water 0,98
* 

0,99
** 

1 1 1 1       

Acidity 

 

0,99
** 

0,89 0,87 0,92 0,87 0,91 1 1     

Carbohydr

ate 

0,83 0,80 0,64 0,79 0,78 0,79 0,96
* 

0,99
** 

1 1   

C vitamin 0,99
** 

0,69 0,85 0,73 0,85 0,73 0,97
* 

0,92 0,98
* 

0,76 1 1 
G – grafted 

NG – non grafted 

 
Analyzing correlation between soluble dry 

matter and total dry matter can be observed that the 

experimental data values obtained from the four 

cultivars studied, are distributed differently for grafted 

plants compared to those non grafted (figure 3). The 

plants grafted values obtained in early cultivars are 

distributed in the lower part of the slope of the 

regression line, and for cultivars with period longer 

growing seasons are located at the top of the slope. The 

plants non grafted points is random distribution.

 

         Grafted plants                                                                                        Non grafted plants           

                                          
Fig. 1- Correlation between soluble dry matter and total dry matter in fruits watermelons at the four cultivars studied 

 

Analyzing the influence of cultivar, the best 

results were obtained from cultivar Oltenia with 9,75% 

total dry matter, 9,60% soluble dry matter, 7,92% 

carbohydrate, 0.07% acidity and 14,04 mg/100g f.s. C 

vitamin (table 8). Oltenia cultivar was ameliorated to 

CCDCPN Dăbuleni and is acclimated of thermic and 

hydric stress  conditions, characteristic of the area with 

sandy soils in southern Oltenia. 

 The type of culture has influenced very little 

fruits quality. Better results were obtained with  non 

grafted fruits, but the differences are very small. So the 

results obtained from the two types of cultures are 

comparable (table 9). We can affirm that  grafting 

plants watermelons not negatively influence fruits 

quality, resulting in a higher content of carbohydrates 

and values very close to total dry matter content and 

soluble.
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Table 8 

Influence of cultivar studied the biochemical composition of fruits watermelons 

 

Cultivar 
Water 

(%) 

Total  dray 

matter 

(%) 

Soluble dray 

matter 

(%) 

Titratable acidity 

(g  acid malic la 

100g f.s.*) 

Carbohy 

drate 

( %) 

C vitamin 

(mg/100g 

f.s.) 

Crisby F1 91,30 8,70 8,60 0,17 8,02 10,56 

  Rica F1 90,30 9,70 9,55 0,09 8,09 10,56 

Montana F1 90,95 9,05 8,75 0,18 7,83 10,68 

Oltenia 90,25 9,75 9,60 0,07 7,92 14,04 

 

Table 9 

Influence  of the cultivation method the biochemical composition of fruits watermelons 

 

Cultivation  

method 

Apă 

% 

Substanț
ă uscată 

totală 

% 

Substanț
ă uscată 

solubilă 

% 

Aciditate 

titrabilă 

g acid 

malic la 

100g s.p 

Glucide 

% 

Vitamina C 

mg/100g s.p 

Culture grafted 

plants 
90,82 9,18 9,00 0,14 8,13 10,07 

Culture not grafted 

plants 
90,57 9,25 9,25 0,12 7,90 12,87 

 

Watermelons production level was very high 

and demonstrates that the sandy soils can be realized, 

cost-effective production by applying specific 

technologies of cultivation that respects the principles 

of organic farming (table 10). 

   The increase production by grafting plant size 

of the is very evident in the earliest cultivars. The 

cultivar Crisby F1 achieved a production average of 

73,7 t / ha crop plants grafted and 52,1 t / ha crop of  

not grafted plants, increasing the production of 21,6 t / 

ha. Were obtained by grafting yield increases cultivars  

Rica  F1 (7,6 t /ha) and Montana (5,4 t / ha). Oltenia 

cultivar created at CCDCPN Dăbuleni, very well 

adapted to sandy soils conditions, not achieved by 

grafting plants increase production, the difference of 

1,3 t/ha between culture and the grafted plants are not 

grafted plants, was within the limits of errors.

 
Table 10 

Production of cultivars watermelons  in ecological culture with grafted and  non grafted plants 

 

Cultivar 
Cultivation  

method 

Production Difference 

(t/ha) 
Significance 

 (t/ha) % 

Crisby F1 
Culture grafted plants 73,7 100,0 Witness Witness 

Culture not grafted plants 52,1 70,7 -21,6 000 

Rica F1 
Culture grafted plants 60,8 100,0 Witness Witness 

Culture not grafted plants 53,2 87,5 -7,6 - 

Montana F1 
Culture grafted plants 49,4 100,0 Witness Witness 

Culture not grafted plants 43,9 89,0 -5,4 - 

Oltenia 
Culture grafted plants 64,9 100,0 Witness Witness 

Culture not grafted plants 66,2 102,0 +1,3 - 

LSD 5% - 11,9                                  LSD 1%  - 16,1                                         LSD 0,1% - 21,6 

 
The average productions of 46,6 – 65,5 t/ha, 

ensure economic efficiency for the four experimental 

cultivation. The highest yields were obtained from 

cultivar Oltenia (65.5 t / ha) and Crisby F1 (62.9 t / ha) 

(table 11). 
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Table 11 

Influence of cultivar studied  on the production of watermelons 

 
 

Cultivar 

 

Production Difference 

(t/ha) Significance 

 (t/ha) % 

Crisby F1 62,9 100,0 Mt. Mt. 

Rica F1 57 90,6 -5,9 - 

Montana F1 47 74,1 -16,3 00 

Oltenia 66 104,1 +2,6 - 

LSD 5% - 9,6                                   LSD 1%  - 15,0                                         LSD 0,1% - 25,9 
 

The average production is higher in culture, 

the plants grafted on rootstock Macis F1 of the species  

Lagenaria Syceraria, a production of 62,2 t / ha, with 

8,3 t / ha higher than in culture with not grafted plants 

(table 12). Thus is demonstrated that on sandy soils, 

the cultures biological watermelons are maintained the 

advantages of grafting concerning to increase plant 

productivity.

 

Table 12 

Influence  of the cultivation method on the production of watermelons 

 

Cultivation  

method 

Production Difference 

(t/ha) 
Significance 

            (t/ha)           % 

Culture grafted plants 62,2 100,0 Mt. Mt. 

Culture not grafted plants 53,85 86,6 -8,3 00 

LSD 5% - 5,6                                   LSD 1%  - 7,2                                          LSD 0,1% - 10,2 

 
Conclusions 

 
  Research  conducted  have demonstrated that 

on sandy soils in southern Oltenia can achieve, organic 

crops of watermelons. 

 The results obtained highlight the role of 

grafting in plant metabolism by stimulating the 

accumulation of biochemical components in leaves 

(chlorophyll, carotene) and the absorption of 

macroelements in  the plants  at soil. 

 The results obtained highlight a higher 

content of chlorophyll in plants grafted culture and the 

best results were obtained Crisby F1 cultivar (5.69 mg / 

g sp). Also the nitrogen content of leaves submitted 

higher values in variants with grafted plants (4.78% at 

cultivar Crisby F). 

 Plant grafting watermelons not negatively 

influences fruits quality, resulting in a higher content 

of carbohydrates and values very close to the total dry 

matter and soluble content. 

The variations, concentrations of soluble dry 

matter are strongly influenced by variations in total dry 

matter, water, acidity and C vitamin  and correlation 

factors obtained have higher values in fruits obtained 

from plants grafted. 

Watermelons production level was extremely 

high and demonstrated that the sandy soils can make 

economically efficient production by applying specific 

technologies of cultivation that respects the principles 

of organic agriculture. 

  Increasing size production by plant grafting 

is very evident in the case the earliest cultivars, Crisby 

F1  cultivar making a production average of 73.7 t / ha 

at culture grafted plants and 52.1 t / ha at culture not 

grafted plants  , production spore is of 21.6 t / ha. 

Average yield is higher in culture with grafted  

plants on rootstock Macis F1 of the species  Lagenaria 

Syceraria, the production of 62.2 t / ha, with 8.3 t / ha 

higher than in cultures not grafted plants. 
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