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Abstract 
The article examines accumulation of macro- and microelements in the leaves of Momordica charantia L. and Trichosanthes 

cucumerina L. grown using grafting method. It contains data on the content of key mineral nutrients in the leaves of examined 
crops. It marks high calcium content in the leaves, attaining 6.51-10.73%, which is peculiar to the plants of Cucurbitacee L. 
family. It was determined that grafting of Momordica charantia L. and Trichosanthes cucumerina L. results in changes in 
accumulation of mineral nutrients in plant leaves, nature and trend of which depended on the type of stock.  
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СПЕЦИФИКА НАКОПЛЕНИЯ ЭЛЕМЕНТОВ МИНЕРАЛЬНОГО ПИТАНИЯ 
В ЛИСТЬЯХ MOMORDICA CHARANTIA L И TRICHOSANTHES CUCUMERINA L. 

ПРИ ИНТРОДУКЦИИ В УДМУРТИИ 
Научная статья 

 
Аннотация 
Работа посвящена интродукции новых нетрадиционных культур с высокими антиоксидантными свойствами 

Momordica charantia L и Trichosanthes cucumerina L. с использованием метода прививки. Приводятся данные по содержанию 
основных элементов минерального питания в листьях исследуемых культур. Прививка Momordica charantia и Trichosanthes 
cucumerina на виды тыкв при интродукции в условиях ограниченных по теплу позволила улучшить рост и развитие 
растений, повысить их урожайность, в зависимости от подвоя, соответственно по сравнению с корнесобственными 
растениями. Обнаружено, что в фазу плодоношения у обоих видов по всем вариантам идет активное накопление Ca в 
листьях от 6,51 % до 10,73 %. 
Ключевые слова: Momordica charantia L и Trichosanthes cucumerina L., виды тыкв, привой, подвой, совместимость 

компонентов прививки, минеральное питание, приживаемость. 
 
1. Introduction 
The main source of bio-active substances and antioxidants for a human body is plant food. Analysis of Russian Statistics 

Committee data demonstrates that consumption of vegetables in the Russian Federation is 3 to 4 times below normal.  
Traditional cultivated crops are not able to meet bio-active substances and antioxidants requirements in full. Of peculiar 

interest are various under-studied species, including vegetables. Among such non-traditional and under-studied crops are 
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Momordica charantia L. and Trichosanthes cucumerina L. Momordica charantia L. and Trichosanthes cucumerina L. attract attention due 
to diverse biochemical and mineral composition of all the parts of the plants.  

Fruits of Momordica charantia L and Trichosanthes cucumerina L. contain ascorbic acid, licopin, catechins, alcaloids, phenolic 
compounds, organic acids and substential number of microelements [3, 10]. Leaf extract has antibacterial and immune-
stimulating effect. Fruits, leaves, flowers and roots are used in folk medicine and cookery [4]. 

In the last decade, these crops have become widespread in Russia as crops of amateur vegetable gardening, but they certainly 
are of interest for farms as well as for extending a range of vegetable crops in greenhouse farming.  

The line of research to introduce rare and new crops, according to a number of researchers [5], should be one of priorities in 
development of national economy, as the introduction allows better development of plant recourses. 

A substantial problem in introduction of thermophytes in temperate region is their low fitness for local soil and environmental 
conditions. 

One of highly effective and environmentally-friendly methods to improve plants resistance to adverse growing conditions is 
their grafting to resistant stocks. 

Grafting is one of the most ancient methods of propagation and improving resistance of grafted plants in olericulture, 
pomiculture and landscape gardening. 

Application of this technique to herbatious crops, mainly to vegetable ones, started only in the beginning of the XX century. 
It was determined that more aggressive root system of some species used as grafting stock, resistant to environmental variations, 
assures high and sustainable yield of a number of vegetable plants (cucumber, water-melon, melon, tomato, eggplant) both on 
the field and under cover [2]. 

A stock gives the plants higher sustainability and allows adjusting growth and development rate, and the scion retains all 
valuable and economically practical properties [9]. 

Usage of grafting method improves resistance to adverse conditions as well as yield rate and quality of seed grains of the 
plants. There is no available data on grafting of Momordica charantia L. and Trichosanthes cucumerina L. to stocks. To improve 
adaptive capabilities of tropical species in the eastern part of the nonchernozem belt, there can be used grafting to sustainable 
stocks best for local growing conditions. Earlier researches determined that the most suitable kind of grafting in this area for 
cucurbit plants is approach grafting. 

The role of mineral nutrition in growth and development of plants is well-known. Absorption and accumulation of mineral 
nutrients by plants has specific and cultivar-specific peculiarities, depends on their content and availability in root habitable zone 
and growing technology. 

Chemical analysis of the plants serves to determine total amount of nutrient substances consumed by vegetable crops [6; 
11]. Sufficiently well studied is the content of key mineral nutrients in the leaves of traditional cucurbits grown on their own 
roots. According to N. Gluntsov [6], optimal content of nitrogen in the leaves of Cucumis sativus L. during fruiting season 
amounts 2-2.8% of dry matter, phosphorus – 0.5%, potassium 1.0-1.4%. Optimal content of nitrogen, phosphorous and potassium 
in the lamina in the end of fruiting amounts 3.5-4.7%; 0.9-1.1 % and 2.5-3.3 % of dry matter, respectively. In contrast, there is 
virtually no available data on accumulation of mineral nutrients by Momordica charantia L. and Trichosanthes cucumerina L., 
including those grown with grafting to stocks. 

Analyses of the leaves of Cucumis sativus L. made in the end of crop rotation showed [12] that the leaves of plants grafted 
to Cucurbita ficifolia Bouche, C. pero L. and C. maxima Duch. contained significantly more nitrogen, by 35.5%, 24.8% and 
9.8%, respectively, as compared to own-rooted plants. 

Nitrogen content in the leaves of grafted plants was at the level of own-rooted ones. Phosphorus content in the stems of 
grafted plants was increasing by 10.3-23.9 % as compared to own-rooted plants.  

Grafting to Lagenaria siceraria (Molina) Standl. promoted significant reduction of potassium content in the leaves and stems 
of the plants by 21.6% and 20.6%, respectively, as compared to own-rooted plants. Reduction of potassium was noted in the 
stems of plants grafted to C. ficifolia – by 17.6% compared to own-rooted ones.  

Thus, earlier researches proved [12] that under the influence of grafting, significant changes occur in accumulation of mineral 
nutrients by the plants of Cucumis sativus. That is why it was essential to determine characteristics of mineral nutrients 
accumulation in the leaves of Momordica charantia L. and Trichosanthes cucumerina L. grafted to various stocks as well. 

 
2. Materials and methods 
 
The researches were made in Udmurt Federal Research Center of the Ural branch of the Russian Academy of Sciences, in Izhevsk, 

in the central agroclimatic area of the Udmurt Republic. Momordica charantia L. and Trichosanthes cucumerina L. (scions) were 
grafted to five types of stocks: Cucurbita ficifolia Bouche, Lagenaria siceraria (Molina) Standl., Cucurbita moschata Duch., Cucurbita 
pero L., Cucurbita maxima Duch. Own-rooted samples of scions served as reference. Seeds preliminary disinfected with 1% potassium 
permanganate solution, after beginning of germination were sowed to cassettes with compartments of 25cm3, filled with peat and soil. 
Grafting was done at the stage of complete opening of cotyledons of the seedlings. In 14 days after grafting and adaptation to external 
conditions, own-rooted and grafted plants were planted to pots of 0.3l .  

In the course of experiments, there were performed phonological observations, yield and survival rate recording, testing of 
leaves and fruits of grafted and own-rooted plants in main development stages for dry matter – GOST 290-31, for reducing 
sugars – using the Bertrand method, for ascorbic acid – using Muri method; content of micro- and macro-elements was 
determined by atomic absorption spectrometry, statistical processing of the obtained data was made using computer programs.  
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3. Results and discussion 
 
Survival rate recording showed that the best performance was obtained when grafted to Cucurbita maxima (Table 1). It 

should be noted that there were attempts of grafting to Benincasa hispida (Thunb.) Cogn., yet considerable differences were 
observed in seedling growth and development rate showing themselves in significant development retardation of stock compared 
to scion which precluded from carrying-out a valid grafting. Afterwards, the variant of grafting to Benincasa hispida was 
excluded from the experiments.  

 
Table 1 – Plants survival rate depending on type of stock, % 

 
Variant Momordica charantia Trichosanthes cucumerina 

Cucúrbita pépo 46,7 73,3 
Cucúrbita maxima 100 70,0 

Cucúrbita moschata 86,7 60,0 
Cucúrbita ficifolia 86,7 80,0 
Benincasa hispida 6,7 46,7 

Lagenaria siceraria 66,7 88,9 
 
During the first period of observation, a seeding period, own-rooted plants were developing better than grafted ones, which 

is caused by grafting wound stress. Grafted plants required time to grow to stock, which is why retardation occurred in growth 
and development rate as compared to own-rooted plants. After concretion with a stock, grafted plants of Momordica charantia 
L. and Trichosanthes cucumerina L. started to develop more intensively than own-rooted plants which showed itself in earlier 
transition to blooming stage – 35-37 days, and fruiting stage – 56-58 days as compared to own-rooted plants (reference) – 40-42 
days and 60-62 days, respectively.  

Analyses of macro- and microelements content in the leaves of examined species (Table 2) showed that leaves of plants of 
the examined species have high content of calcium compared to potassium, which amounted 6.51% to 10.73%, which is peculiar 
to the plants of Cucurbitaceae family [8]. It is noted that high calcium accumulation may be connected with a fact that metal 
cations can penetrate the leaves through stomata or cuticle and then be transported to roots, shoots and other plant organs [1]. At 
the same time, higher accumulation of calcium in plant leaves may occur under influence of high temperature and be a reaction 
to stress [12]. 

Atmospheric metals get into the plant leaves having floccose or rough surface more intensively [7]. Morphological features 
and characteristics of biochemical composition of cuticle and epidermis are predominantly the explanation of existing specific 
differences between the plants in accumulation of metals by the plants [1]. 

 
Table 2 – Content of micro- and macro-elements in the leaves of Momordica charantia L. and Trichosanthes cucumerina L. 

and when grafted to various stocks 
Variant, stock Zn, % Cu, % Mn, % Fe, % P2O5, % K2O, % Ca, % Mg, % 

Momordica 
charantia (К) 0,005 0,0003 0,008 0,02 0,42 3,38 7,74 1,66 

Cucúrbita 
ficifolia 0,003 0,0002 0,026 0,01 0,42 4,38 10,73 0,23 

Cucúrbita 
maxima 0,005 0,0002 0,011 0,02 0,39 4,00 7,66 0,69 

Cucúrbita 
moschata 0,003 0,0003 0,008 0,02 0,37 4,00 7,66 1,06 

Lagenaria 
siceraria 0,004 0,0003 0,008 0,02 0,42 3,89 6,51 0,78 

Trichosanthes 
cucumerina (К) 0,003 0,0002 0,032 0,02 0,53 2,75 7,28 1,29 

Lagenaria 
siceraria 0,006 0,0001 0,009 0,02 0,77 3,19 7,43 0,41 

Cucúrbita 
ficifolia 0,002 0,0002 0,029 0,02 0,45 2,63 8,97 0,69 

Cucúrbita pépo 0,002 0,0003 0,033 0,02 0,81 3,00 8,05 0,97 
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4. Conclusion 
 

Grafting of Momordica charantia and Trichosanthes cucumerina to cucurbit species at introduction in limited heat conditions allows 
improving plants growth and development depending on stock as compared to own-rooted plants. The nature of accumulation of macro- 
and microelements and their ratio in leaves of Momordica charantia L. and Trichosanthes cucumerina L. is similar to Cucumis 
sativus L. Grafting of Momordica charantia L. and Trichosanthes cucumerina L. was resulting in changes in accumulation of mineral 
nutrients in plant leaves, nature and trend of which depended on the type of stock. 
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