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Challenges of Ongoing Cucurbits

Research and Farm Gating

Steady interest to pumpkin biology and breeding in Kazakhstan is confirmed by the former research. Cucurbita pepo L. is harvested throughout all the continents under different climate conditions up to 65° northern latitude. For peoples of our and neighbouring countries as populations inhabiting the Silk Road countries in general, pumpkin is one of key ingredients of sustenance. It serves as the bread dough additive and is widely used in national cuisines in the Central Asian region and beyond. Especial significance of pumpkin-based nutrition is explained by its implication in diet food and baby food due to the presence of carious form of carbohydrates, vitamins, organic acids and microelements. Abundance of nutritional composition in association with low cellulose content allows to recommend this melon crop for being included into the diet at diverse inflammation processes. Numerous medicinal applications of pumpkin is associated with cholagogue, diuretic, appetizer, anti-obesity, anti-insomnic, would-healing, baby food, diet food, anthelminthic, anti-atherosclerotic, anti-aging, anti-eczemic, cosmetic treatment and other effects. One of modern approaches in pumpkin phytoremediation is transgenic generation with programmed set of associated bacteria. This offers further transgenes for their transfer to soils, contaminating with organic pollutants. Cucurbitaceae spp. may be involved in postponing the aging process. Recent studies demonstrate that zucchini (Cucurbita pepo subsp. pepo) is a seasonal vegetable with high nutritional and medical values. A number of useful properties of this fruit were attributed to bioactive compounds. Earlier phylogenetic inter-relationships within the genus Cucurbita (pumpkins, squashes, and yellow-flowered gourds) were investigated by comparing wild and domesticated taxa. By screening an intron region from the mitochondrial nad1 gene as a marker, taxonomic relationships in flowering plants have been clarified to show the route of domestication for the Cucurbita. Six or more independent domestication steps aring from distinct wild ancestors have been determined. It was proposed that Cucurbita argyrosperma had been domesticated from a wild Mexican gourd, Cucurbita sororia, growing in the Southwest Mexico, or the same region that had produced the maize. The wild ancestor of Cucurbita moschata remains unclear. Nonetheless, the mtDNA data has indicated that the site of origin could be located in lowland northern South America. The wild ancestor of domesticated C. pepo subsp. pepo remains unclear. However, it relates to C. pepo subsp. fraterna stemming out from Southern Mexico. One of targets for Kazakhstan is maintaining and characterizing domestic pumpkin germplasms, manufacturing the pumpkin seed oil and developing pharmaceuticals. So it is critical to study genetic power of the local accessions, expected and observed heterozygocity enhanced by intraspecious and inter-specious hybridization.

Key words: Cucurbita pepo L., Cucurbitaceae, genetic diversity, genetic origin, squash, phytoremediation, biochemistry, medicine.
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Асқaбaқ дaқылдaрының зaмaнaуи зерттеулері және өсіру

Қaзaқстaндaғы aсқaбaқтылaрдың селекциясы мен биологиясынa aсa қызығушылық бұ рынғы зерттеулерге бaйлaнысты. Cucurbita pepo L. түрлі климaттық жaғдaйлaрдa 65 ° N ендікке дейін бaрлық континенттерде шығaрылaды. Біздің еліміздің және көрші елдердің хaлқы үшін, сондaй-aқ Жібек белдеуі елдерінің тұрғындaры үшін, aсқaбaқ – оргaнизмді сaуықтырудың негізгі компоненттерінің бірі. Бұл дaқыл Ортaлық Азиядaғы және одaн тыс жерлерде ұлттық тaғaмдaр ретінде және қaмырғa қоспa ретінде пaйдaлaнылaды. Асқaбaққa негізделген тaмaқтaнудың ерекше мaңызы оны жеңіл сіңірілетін көмірсулaр, витaминдер, оргaникaлық қышқылдaр мен микроэлементтердің болуынa бaйлaнысты диетaлық және бaлaлaр тaғaмындa қолдaнуымен түсіндіріледі. Азық құрaмының бaйлығы целлюлозaның төмен құрaмымен ұштaстырылғaндa, осы бaқшa дaқылын әр түрлі қaбыну процестеріне aрнaлғaн диетaғa қосу үшін ұсынуғa болaды. Асқaбaқты әр түрлі сaуықтырудa қолдaну: өт aйдaйтын, диуретикaлық, тәбет aшaтын, жaрa жaзaтын, aнтигельминттік, aнтисклероздық, aнтиэкземaлық сияқты қaсиеттеріне бaйлaнысты. Сонымен бірге, семіздікпен, ұйқысыздық пен, кәрілікпен күресу қaбілеттері үшін пaйдaлaнылaды. Косметикaлық құрaлдaр ретінде жә не бaсқa дa әсерлері үшін қолдaнылaды. Соңғы уaқыттa сондaй-aқ aсқaбaқ фиторемедиaнт ретінде кеңінен пaйдaлaнылaды. Осы бaғыттa aсқaбaқтaстaрды зaмaнaуи қолдaну тәсілдері нің бірі – aсқынғaн бaктериялaрдың жиынтығы бaр трaнсген өсімдіктерін өндіру. Бұл оргa никaлық лaстaғыштaрмен қaныққaн топырaққa көшіру aрқылы трaнсгендерді aлуғa мүмкіндік береді. Cucurbitaceae spp. қaртaюдың бaяулaуынa қолaйлы жaғдaй тудыруы мүмкін. Соңғы зерттеулер көрсеткендей, цуккинидің (Cucurbita pepo subsp.pepo) жоғaры қоректік және фaрмaцевтикaлық құндылығы бaр. Бұл дaқылдың көптеген пaйдaлы қaсиеттері биологиялық белсенді зaттaрғa бaйлaнысты. Бұрын Cucurbita (тaмaқ және сәндік aсқaбaқ пен кәді) түрін дегі филогенетикaлық қaтынaстaрды зерттеу жaбaйы және қолдaн өсірілген тaксондaрды түрaрaлық сaлыстыру aрқылы зерттелген. Митохондрияның nad1 мaркерлі генінің интрондық aймaқтaрының скринингі гүлді өсімдіктерінің тaксономикaлық қосылыстaрымен бaйлaнысын, сонымен бірге Cucurbita тұқымдaсының қолдaн өсіруге бейімдеу жолдaрын көрсетті. Жaбaйы aсқaбaқты қолдaн өсірудің кем дегенде aлты тәуелсіз кезеңі aнықтaлды. Болжaу бойыншa, Cucurbita argyrosperma Мексикaның оңтүстік-бaтысындa, жaбaйы Мексикaлық Cucurbita sororia түрінен жүгері шыққaн aймaқтa өскені aнықтaлынды. Cucurbita moschata жaбaйы шыққaн өсімдігі әлі aнықтaлмaды. Дегенмен, мускaт aсқaбaғының мтДНҚ дерекқоры оның шыққaн жері Оңтүстік Америкaның солтүстігіндегі жaзықтық болaтындығын көрсетті. Қолдaн өсі рілетін C. pepo subsp. pepo aсқaбaғының жaбaйы түрі әлі белгісіз. Алaйдa, Оңтүстік Мек сикaдaн шыққaн C. pepo subsp. fraterna түріне ұқсaс.

Қaзaқстaнның мaқсaттaрының бірі – отaндық aсқaбaқ генофондының қaсиеттерін сaқтaу жә не сипaттaу, aсқaбaқ мaйын өндіру және олaрғa негізделген фaрмaцевтикaлық препaрaттaрды дaмыту. Сондықтaн, жергілікті Cucurbita spp. сортүлгілерінің және түрлерінің генетикaлық потен циaлын, түрішілік және түрaрaлық будaндaстыру aрқылы күтілетін және бaқылaнaтын гетерози готaлық әсерлер күштерін зерттеу өте мaңызды.

Түйін сөздер: Cucurbita pepo L., Cucurbitaceae, генетикaлық тaрaлуы, генетикaлық шығу тегі, сопaқжемісті aсқaбaқ, фиторемедиaция, биохимия, медицинa.
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Современные перспективы исследовaния и возделывaния тыквенных культур

Устойчивый интерес к биологии и селекции тыквенных в Кaзaхстaне подтверждaется предшествовaвшими исследовaниями. Cucurbita pepo L. возделывaется нa всех континентaх, в
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рaзличных климaтических зонaх вплоть до 65° с.ш. Для нaселения нaшей стрaны и соседних госудaрств, a тaкже жителей стрaн Шелкового Пути в целом, тыквa – один из основных ком понентов поддержaния оргaнизмa. Этa культурa используется кaк добaвкa к тесту и в кaчестве нaционaльных блюд в Центрaльной Азии и зa ее пределaми. Особое знaчение питaния нa ос нове тыквы объясняется ее применением в диетическом и детском питaнии, блaгодaря нaли чию легкоусвояемых углеводов, витaминов, оргaнических кислот и микроэлементов. Богaтство питaтельного состaвa в сочетaнии с низким содержaнием целлюлозы позволяет рекомендовaть эту бaхчевую культуру для включения в диету при рaзличных воспaлительных процессaх. Рaзнообрaзное оздорaвливaющее применение тыквы связaно с желчегонными, диуретически ми, aппетит восстaнaвливaющими, рaнозaживляющими, aнтигельминтными, aнтисклеротичес кими, aнтиэкземными свойствaми, a тaкже способностью бороться с ожирением, бессонницей, стaрческими явлениями, выступaть в кaчестве косметического средствa и другими эффектaми.

Впоследнее время тыквенные тaкже широко используются в кaчестве фиторемедиaнтa. Одним из современных подходов использовaния тыквенных в этом нaпрaвлении является получение трaнсгенных рaстений с зaдaнным нaбором aссоциировaнных бaктерий. Это позволяет получaть трaнсгенные рaстения для их дaльнейшего вырaщивaния нa почвaх, содержaщих оргaничес кие зaгрязнители. Cucurbitaceae spp. могут игрaть блaгоприятную роль в процессaх зaмедле ния стaрения. Недaвние исследовaния покaзывaют, что цуккини (Cucurbita pepo subsp. pepo) имеет высокую пищевую и фaрмaцевтическую ценность. Многие полезные свойствa этой куль туры связaны с высоким содержaнием биологическиaктивных веществ. Рaнее путем срaвнения диких и одомaшенных тaксонов родa Cucurbita (пищевые и декорaтивные тыквы и кaбaчки) проводилось изучение филогенетических взaимоотношений в пределaх этого родa. Скрининг интронных облaстей мaркерного митохондриaльного генa nad1 покaзaл тaксономические свя зи цветковых рaстений, a тaкже схему окультуривaния родa Cucurbita. Было обнaружено не менее шести незaвисимых этaпов одомaшивaния дикой тыквы. Предположительно, Cucurbita argyrosperma происходит от дикого мексикaнского видa Cucurbita sororia, произрaстaющего нa Юго-Зaпaде Мексики, в рaйоне происхождения кукурузы. Дикий предок Cucurbita moschata покa не устaновлен. Тем не менее, бaзa дaнных мтДНК мускaтной тыквы покaзaлa, что место ее происхождения – низменности нa севере Южной Америки. Дикий предок культурной тык вы C. pepo subsp. pepo остaется неясным. Однaко он является родственным рaзновидности C. pepo subsp. fraterna, происходящей из Южной Мексики. Для Кaзaхстaнa особенно aктуaль ным является поддержaние и описaние свойств отечественного генофондa тыкв, производс тво нa их основе отечественного тыквенного мaслa и рaзличных фaрмaцевтических средств.

Всвязи с этим, очень вaжно изучение генетического потенциaлa местных сортообрaзцов и форм Cucurbita spp, степени ожидaемой и нaблюдaемой гетерозиготности, которые можно усилить зa счет внутривидовых и межвидовых скрещивaний.

Ключевые словa: Cucurbita pepo L., Cucurbitaceae, генетическое рaспрострaнение, генетичес кое происхождение, длинноплоднaя тыквa, фиторемедиaция, биохимия, медицинa.





Historical background (Introduction)

Kazakhstan is known for steady interest to pumpkin biology and breeding. This statement may be confirmed by Dr. Taisiya G. Gutsalyuk’s book “From melon to pumpkin” published in 1989. Homeland of pumpkin, Cucurbita pepo L. is referred to Central and SouthAmerica. Cultivars of domesticated pumpkins has been recorded already 20 centuries ago. The oldest evidence, pumpkin-related seeds dating between 7000 and 5500 BC, was found in Mexico (Hartwell 2012:507). In fact, the centers of origin for the temperate species C. pepo and C. maxima are located throughout Mesoamerica (Decker 1988:9), whereas the subtropical C. moschata originated from northern Colombia (Nee 1990:49). Cucurbits have undergone several independent domestication




events (Whitaker and Carter 1946:11) beginning as early as 10,000 years ago, which pre-dates maize and bean domestication (Smith 1997:932). Even such a history of early domestication witness in favour of wide distribution and utmost significance of this vegetable crop.

To date this vegetable crop is being harvested throughout all the continents under different climate conditions up to 65° northern latitude. For peoples of our and neighbouring countries as populations inhabiting the Silk Road countries in general, pumpkin is one of key ingredients of sustenance. It serves as the bred dough additive and is widely used in national cuisines in the CentralAsian region and beyond. Especial significance of pumpkinbased nutrition is explained by its implication in diet food and baby food due to the presence of carious form of carbohydrates, vitamins, organic
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acids and microelements. Flesh of the pumpkin fruit containing about 90% of the water is supplied with 9.7-16% of dry matter. Whereas caloricity (calorific value) of pumpkin was estimated to be 22-29 kcal, total sugar content calculated in percentage to wet matter comprises 4.8-8%, starch – 2%, cellulose (cellular tissue) – 1.0-1.2%, wet protein – 0.8- 1.0%, pectin – 0.3-1.4%, fats and organic acids - 0.1% each. Some pumpkin cultivars are known to accumulate about 30% of dry matter composed by the sugar (15%), starch (23%), and ash (0.6-1.4%). However, pumpkin is ascribed to vegetable plants with lower amounts of organic acids and cellular tissues comparing to other vegetables. Abundance of nutritional composition in association with low cellulose content allows to recommend this melon crop for being included into the diet at diverse inflammation processes. Relatively low pumpkin’s caloricity is the main reason for its recommendation to elderly people as the patients prone to obesity (Gutsalyuk 1989:115 and updates according to the data from www.nutrition-and-you.com/pumpkin and www.webfazenda.ru/pumpkin).

Pumpkin is distinguishable from other Cucurbiaceae spp. by more substantial concentrations of vitamins C (8-9 mg per 100 g of wet weight; 4-40 mg in different cultivars), B1 (thiamine, 0.05 mg per 100 g of wet weight), B2 (riboflavin, 0.06-0.11 mg per 100 g of wet weight), B5 (pantothenic acid, 0.3-0.4 mg), B6 (pyridoxine, 0.06-1.6 mg), B9 (folic acid, 14-16 µg), PP (B3, niacin equivalent, or nicotinic acid, 0.6-0.7 mg), E (tocopherol, 0.4-1.0 mg),A(carotene 250 µg, 25007384IU),K(1.1µg),B3,B5,andelatericinA(Table 1). By the carotene content pupkin is attributed to exceeding over all the vegetables and many of fruit and berry representatives. Mineral composition is presented by the following macroelements: K (204340 mg per 100 g of wet weight), Ca (21-25 mg), Mg (12-14 mg), Na (1-4 mg), P (25-44 mg), Cl (19 mg), and S (18 mg). Mature fruits may contain nearly30%ofCuand0.016%ofS.Atthesametime microelementary composition includes: Fe (0.4-0.8 mg), Zn (0.24-0.32 mg), I (1 µg), Cu (127-180 µg), Mn (0.040-0.125 mg), Co (1 µg), and F (0,86 mg). These data for American cultivars are summarized below as pumpkin (Cucurbita spp.) nutritive value per 100 g.

Medicinal impact of pumpkin was described by the Ancient Greek physician Dioscorides Pedanius (c. 40 – 90 AD) in his “De Materia Medica”. Then Pliny the Elder (Plinius Maior, 22-79 AD), and Li Shizhen (1518 –1593) both described pumpkin’s healing effects in their proceedings on




medicinal plants. Pumpkin is widely used as strong cholagogue and diuretic medicines during acute and chronic nephritis, hepatitis, stomach ulcer, peptic ulcer of duodenum, against constipation and gout. As health food pumpkin is used for impaired water and salt exchange, edemas associated with heart, kidney, liver diseases or as preventive meal against atherosclerosis.Fruit flesh, seeds, stalks and flowers of pumpkin are used as medicinal raw materials. Fruit flesh is prescribed in grated as fresh forms, in form of pressed juice from raw or boiled pumpkin, as a decoction or a powder apart from a range of different dishes. The decoction of pumpkin stalks is used as the diuretic medicine, whereas the liquor made from the flowers is applied to long unhealing purulent wounds. Composition of pumpkin jouice and honey is implied as the demulcent during disturbed sleep or sleeplessness (insomnia). Fresh fruit is applied directly to the sore spot in cases of burns, skin rashes, and eczemas until full recovery.

Pumpkin seeds contain up to 50% of fatty oil, 45% of glycerides of linolenic acid, 25% of glycerides of oleic acid, and nearly 35% of palmitic, stearic acids, phytosterol-cucurbitol, resinous substances, organic acids, vitamins and carotenoids. This pull is successfully used in medical practice.A drug may be proposed in form of mushy substance (porridge), decoction, powder, ointment (emulsion), in natural form with sugar addition (honey-like substance or jam for better taste or appetizer). The seeds are also used as anthelmintic drug without any side effect. Treatment is usually repeated several times with 2-3 days intervals. For medical purposes the seeds are normally dried at room temperature, without over-heating. Freshly collected seeds have beenrecordedtopossessgreaterhealingimpactthan those of previous years of harvesting. For medicinal aims use of the seeds yielded over the last 2 years period is advised. The peel is detached without damage of inner gray-green seed film containing the majority of anthelminthic compounds.

Bypropertiesofthefodderpumpkin’sadvantages are regarded to be more valuable, if compared with other vegetables including the mangel. Pumpkin is recorded to possess 4 times more proteins as to be by 18-25% rich in respect of feed units. In addition, pumpkinisastrongmilkremedyrisingthemilkyield and its fat content. In 2011, pumpkin was harvested from 19,140 ha in the USA. The crop was valued at the level of about $130 million (USDA, 2012). In 2010 the squash harvest including pumpkin was valued at nearly $22 million in Georgia, though pumpkins represented only 10% of the total yield (Wolfe and Luke-Morgan 2011:112).
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Challenges of Ongoing Cucurbits Research and Farm Gating

Table 1 – Cucurbita spp. nutritive value per 100 g.

(Source: USDANational Nutrient data base; www.nutrition-and-you.com/pumpkin)

	Principle
	Nutrient Value
	Percentage of RDA

	 
	 
	 

	Energy
	26 Kcal
	1%

	 
	 
	 

	Carbohydrates
	6.50 g
	5%

	 
	 
	 

	Protein
	1.0 g
	2%

	 
	 
	 

	Total Fat
	0.1 g
	0.5%

	 
	 
	 

	Cholesterol
	0 mg
	0%

	 
	 
	 

	Dietary Fiber
	0.5 g
	2%

	 
	 
	 

	 
	Vitamins
	 

	 
	 
	 

	Folates
	16 μg
	4%

	 
	 
	 

	Niacin
	0.600 mg
	4%

	 
	 
	 

	Pantothenic acid
	0.298 mg
	6%

	 
	 
	 

	Pyridoxine
	0.061 mg
	5%

	 
	 
	 

	Riboflavin
	0.110 mg
	8.5%

	 
	 
	 

	Thiamin
	0.050 mg
	4%

	 
	 
	 

	VitaminA
	7384 IU
	246%

	 
	 
	 

	Vitamin C
	9.0 mg
	15%

	 
	 
	 

	Vitamin E
	1.06 mg
	7%

	 
	 
	 

	Vitamin K
	1.1 mcg
	1%

	 
	 
	 

	 
	Electrolytes
	 

	 
	 
	 

	Sodium
	1 mg
	0.5%

	 
	 
	 

	Potassium
	340 mg
	7%

	 
	 
	 

	 
	Minerals
	 

	 
	 
	 

	Calcium
	21 mg
	2%

	 
	 
	 

	Copper
	0.127 mg
	14%

	 
	 
	 

	Iron
	0.80 mg
	10%

	 
	 
	 

	Magnesium
	12 mg
	3%

	 
	 
	 

	Manganese
	0.125 mg
	0.5%

	 
	 
	 

	Phosphorus
	44mg
	5%

	 
	 
	 

	Selenium
	0.3 mcg
	<0.5%

	 
	 
	 

	Zinc
	0.32 mg
	3%

	 
	 
	 

	 
	Phyto-nutrients
	 

	 
	 
	 

	Carotene-α
	515 mcg
	-

	 
	 
	 

	Carotene-ß
	3100 mcg
	-

	 
	 
	 

	Crypto-xanthin-ß
	2145 mcg
	-

	 
	 
	 

	Lutein-zeaxanthin
	1500 mcg
	-
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Since that time annual comparison of the farm gate value in USD has shown that over that period (2011-2016) this value for the squash has grown by 24.5% (2011 - $24,600,189; 2012 - $16,706,584; 2013 – $24,773,024; 2014 – $27,918,277; 2015 -$30,668,879; 2016 – $32,144,356). Similar farm gate value for the zucchini has also increased by 24.3%. Meanwhile, farm gate value for the wheat during the same period has dropped by 68.8% (2011 - $83,175,081; 2012 -$104,369,607; 2013 –$154,589,039; 2014 –$86,714,104; 2015 -$45,166,519; 2016 –$26,013,694) (Wolfe and Stubbs 2017:91). Finally, ornamental horticulture rised in value by $54,406,073 (+6.9%) as compared to the year 2015.

Biological features

Upper part as root system of pumpkin is more developed than that one of melon or water melon. Under unfavourable conditions and dry seed planting the seedlings appear in 5-8 days in form of the cotyledon leaves which are not typical of the cultivar. Type of the variety is determined by the 10th or 15th leaf. At this time the area of the leaf blade per plant mayreachalready30-32m2.Lateralvinesareformed in the sinuses of the 5th-7th leaves, and etc. There may be ramification (branching) of the first, second, or third order.The length of the major vine may achieve 204 m, whereas side vines may grow to 8-10 m.Total length of all the vines may encompass to 50 m.

The strength of growth and structure of roots are determined by the type of soil, its fertility, treatment, thermal conditions and moisturing, the state of subsoil horizon, level of underground water, time of sowing. Light black earth, medium loamy soils provide more extensive root development with high ramification of pumpkin plants. The taproot deepens by 1.5-2.0 m, whereas lateral roots of the first order for 2.5 m, and those of the third order – up to 1.5 m. under sufficient moisture availability pumpkin’s root network develops in upper soil horizon (across 10-15 cm) by the whole width of the aisles. This requires cautious soil treatment of the aisles at the depth of 4-5 cv under standard humidity or 10 cv in case of lack of moisture. Sufficient water supply may result in additional roots formation in the internodes.

All Cucurbitaceaespp.arediploidswith20pairs of chromosomes (Whitaker and Davis 1962:115). Pumpkins are a warm season annual, reaching maturity at around the fifth month. Most cultivars produce fruit on sprawling vines but bush-type hybrids are also available (Loy 2012:31). Tendrils on vines make trellising possible, but large-scale




vertical production is not feasible since the large fruit require a reliable support. Broad leaves are attached to thick stems and, in most cultivars, are covered by trichomes that may occasionally cause dermatitisincaseofcontacting(WhitakerandDavis 1962:78).

Pumpkin is referred to monoecious plants with separated male (staminate) and female (pistillate) flowers. Pumpkins begin to proceed to anthesis in approximately2monthsafterseedgermination(Loy 2012:32). Adult plants produce male flowers many days prior to female flowers.As flowering continues in pumpkins for several weeks a technician or a farmer will be able to catch both a female and male floweronthesamemorning.Floweringandanthesis is dependent on temperature (Wien 1997:354). Then heat is used in greenhouses to increase flower development in winter.Aflower is viable for a short period, just a day, remaining turgid until midday (Whitaker and Robinson 1986:219). To trigger pollination, the female flower should be bagged the evening before. Successful pollination is most likely to occur using turgid flowers in early morning hours, although if male flowers are insufficient, day-old pollen may be applied to reach appropriate fruit set. The large monoecious flowers make hand pollination suitable. So a technician may detach the desiredmaleflowerfromthevine,removethepetals and thoroughly rub the large, loose pollen grains onto the entire stigma surface of the desired female flower.

Pumpkin reproduces sexually via crosspollination (King et al. 2012:83). After 8 weeks of growth, pumpkins produce bright yellow-orange monoecious flowers that open to approximately 10 cm from an 8 cm corolla tube. The male flowers producepollenwithlargegranulestobetransferredby thehoneybee(Apismellifera),bumblebee(Bombus spp.) and, most commonly, squash bee (Peponapis pruinosa)tofemaleflowersuponpollination(Shuler et al. 2005:792). After fertilization, fruit ripens in 35-55 days after pollination depending on the cultivar (Kelley et al. 2001:112). Summer squash is harvestedasimmaturefruitsothatthesoftmesocarp and seeds can be eaten entirely; winter squashes and pumpkins are harvested as mature fruit, which has a hard rind, firm mesocarp and seeds encased in a lignified seed coat attached to the fibrous endocarp adjacent to a hollow central cavity (Loy 2012:31).

Breeding prospects

Being able to cross pollination in natural conditions, pumpkins can be bred as recommended
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byself-pollinatingcropguidelines.Thisisexplained by low range of inbreeding depression for most of the traits (Scott 1935:480) and flowers ability to easy pollination. In reality the breeder can maintain self-cucurbits for many generations without threat of obtaining sudden negative traits. Moreover, self-incompatibility is not recorded for the genus (Whitaker and Robinson, 1986:221). Wehner 1999:392)hasestimatedyieldheterosisforcucurbits regarding F1 hybrids to be 40-44%. Pedigree selection is the traditional and most widespread breeding strategy since the pumpkin flower is easily hand-pollinated and generation of wide interspecific hybrids of domesticated and wild species may be successful (Loy 2012:31). Zhang et al. (Zhang et al. 2012:454) established nine interspecific bridge lines for the three domesticated cucurbit species, overcoming F1 male sterility using a number of breeding tactics. These perspective lines may be implied to various cucurbit breeding programs.

While transferring a single trait into a cultivar, i.g. specific disease resistance or plant ramification habit,backcrossingofnon-eliteandwildgermplasm donors may turn out to be an effective strategy (Loy 2012:32). Disease resistance was also induced into commercial lines by implication of transgenic biotechnology. Transgenic lines showed higher productivity than controls even under exposition to a virus different from that one to which these lines had been insensitive (Fuchs et al. 1998:1353).

Breeders interested in quantitative traits such as fruit size, percent of dry matter or yield are encountering certain troubles as plants should be sown in huge field spaces for a nearly half-year vegetation period. So calculations and analyses should be fulfilled in different conditions as over several years. That is why conventional evaluations of available germplasm resources are rarely undertaken and reliable, replicated data on pumpkin biology and yield are deficient in the literature (Loy 2012:32).

Historically dominating open-pollinated cultivars are now being replaced by F1 hybrids (Wehner 1999:389). Hybridization of inbred lines has been a successful means for generating cultivars best suited for the edible seed and seed oil markets, where seed uniformity and seed number is selected over mesocarp characteristics (Lelley et al. 2010:479).HandpollinationmakesF1hybridization less economical for pumpkins, but modern trends in hybridization techniques may change current situation. At present, chemical induction of female (gynoecious)flowersviausingethephonisappliedto C. pepo (Robinson et al. 1970:182) though still less




effective for C. maxima and C. moschata (Wehner 1999:393). Male and bisex sterile genes have been identifiedinC.pepoandC.maxima(Carle,1997:46; Scott and River 1946:376). However, counting present inability to phenotyping this trait during vegetation period in the field, these genes are not impliedinongoingC.pepobreedingprograms(King et al. 2012:84). Another tool is specific method of male flowers removal from female parent plants to enable natural, bee-mediated hybridization (Curtis 1939:827) which is still too labour-consuming from point of large-scale harvesting.

Modern research on genetic diversity of pumpkin and its relations

Significance of Cucurbita pepo crop has been emphasized internationally owing to its high nutritional, economic and pharmaceutical value (citedfromNtulietal.2015:197).TheCucurbitaceae family is the second most large horticultural family in terms of economic importance after Solanaceae (Andolfoetal.2017:3).Itincludesseveralimportant crops, such as melon (Cucumis melo), watermelon (Citrullus lanatus), cucumber (Cucumis sativus) and a number of Cucurbita spp. with edible fruits (Jeffrey 1980:239). The genus Cucurbita (2x = 2n = 40), originated in the Americas, is composed of three economically important crop species such as

Cucurbitapepo,Cucurbitamoschata,andCucurbita maxima,cultivatedthroughoutsub-tropical,tropical, and temperate regions (Wang et al. 2011:218).

In South Africa leaves, flowers, fruits, seeds and shoot apices of C. pepo used for preparing leafy vegetable dishes It has a wide range of genetic accessions variable both in vegetative and reproductive characteristics. Small scale farmers get used to preserve available landraces by means of in situ conservation, whereas in SouthAfrica and other countries the main tactics of preserving variability is intercropping of different Cucurbita species. Thereby the gene flow among the cucurbits is on via stochastic bee pollination. In case of gene exchange among distant plant populations new cultivars and their sub-cultivars may easily generate causing the seed exchange between farmers. Though pumpkins arenaturallycross-pollinatingcrops,self-pollination is commonly practiced with breeding purposes. This strengthens plant homozygosity, which is not maintainedbycross-pollinatedspeciesundernormal conditions. This theory is confirmed by implication of molecular techniques. RAPD fingerprinting assistsindeterminationofidenticalspeciesandclose genera, species-to-species gene flows, likelihood
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