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Abstract. The effect of cytokinin, sucrose and photoperiod on in vitro microtuber formation and growth of two potato cultivars. were evaluated. Uninodal stem segment explants were cultured on agar solidified Murashige and Skoog medium and tested at four BAP concentrations, four sucrose levels and four incubation photoperiods. Sucrose at 9% resulted in appreciably higher number of microtuber with heavier weights in Obelix cv., whereas, in Desiree both measurements increased progressively with the concentration. BAP induced early initiation of microtuber in Obelix cv.  The best BAP concentration stimulates tuber formation and growth was 1mg/l. Nevertheless, both cultivars responded similarly in all other concentrations. With regard to the effect of photoperiodic treatments, large variations in tuberization were detected among photoperiods and genotype ranging from 0 to 70%. Significant differences in tuber number, size and weight were obtained at 14 LD +7 SD for Obelix cv. In Desiree on the other hand, dark treatment had a negative effect.
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The potential value of using in vitro-produced potato tubers in germplasm distribution, exchange and seed multiplication programs was clearly pinpointed [1, 2]. Therefore, attempts to normalize and increase yield of in vitro microtubers are of paramount value. Much of the published work of in vitro microtubers production has been focused on the role of three main factors proposed to control in vitro tuberization. Emphasis has been placed on the use of growth regulators, particularly of cytokinins such as bezylaminopurine [1, 3-6), Kinetins [7] and auxins such as indoleacetic acid (IAA) [8]. Other substances have been investigated including antigebberellin compounds such as 2-chloro-ethyltrimethyl ammonium chloride (CCC), triazoles [2-4, 7, 9], abscisic acid [4, 

9] coumarine and chloromequat [3, 10].


Photoperiod and use of sucrose, on the other hand, have been considered as important factors suggested to control in vitro tuberization. Improvement of microtubers yield by changing light cycle during incubation have been reported [1, 11-14]. Similarly, adjusting sucrose concentration in the media was also found essential for acceleration of tuberization and in improving microtubers yield [4, 5, 15-17].


Yet, there is considerable disagreement in the conclusions of these studies, and generally the effectiveness of growth regulators and photoperiod were inconsistent and disputable. This was probably attributed to the dependence of the physiological phenomena on combination of various factors and on the response of different potato varieties. Sladky and Bardosova [13] justified their results on the basis of early and late tubering character of the varieties. Charles et al. [14], on the other hand, stated that the environmental factors needed to be adjusted to the different varieties and type of harvest, without ignoring the importance of quality of the initial explant.


Thus, the purpose of this study was to assess the effect of photoperiod, 6-benzylaminopurine and sucrose on in vitro tuberization of two potato (Solanum tuberosum L.) cultivars. We mainly consider genotypic response, hence, each factor was tested separately to minimize the complexity that could result from the interaction of the different factors.

Materials And Methods


Certified seeds stocks of potato, varieties Obelix (early tubering) and Desiree (medium late) were sprouted in diffused light. Sprouts were disinfested by immersion in 0.5% sodium hypochlorite for 20 min, rinsed with autoclaved distilled water and cultured in nutrient medium in  25-X150-mm glass culture tubes. The medium contained Murashige and Skoog [18] inorganic salts, 3% sucrose, 0.8% agar and in mg/l;  i-inositol, 100; thiamine HCl, 1.0; pyridoxine HCl, 0.5; nicotinic acid, 0.5; glycine, 2.0; and N6-Benzylaminopurine (BAP) 0.5. Each tube contained 10 ml of aliquot, capped with polypropylene closure , and autoclaved at 1.05 Kg cm2 and 121˚C for 20 min. The cultures were incubated at 27˚C and low light intensity (22.5 μmol m-2 S-1 16-h daily exposure) illumination.

 
After 4-week uninodal stem segments of about 0.5 cm in length were cultured on the tuberization test medium that consisted of MS basal salts, vitamin mixture 0.8% agar and variations of BAP (0, 0.1, 1.0, 10 and 100 mg/l) and sucrose (0%, 3%, 6%, 9% and 12%). The cultures were also tested for different photoperiod treatments that include; continuous darkness, 21 long day (16 hr light and 8 hr dark), 21 short day (8 hr light and 16 hr dark), and 14 long day followed 7 short days (14 LD+7SD).


Percent tuberization, average number, diameter and weight of produced micro-tubers were recorded. 80-100 cultures were employed in a minimum of 4 replications per treatment using complete randomized design. Statistical significance and means separation were determined by computing standard error of means and LSD at 0.05 level [19] or 95% confidence limits for binomial distribution [20].

Results and Discussion

Effect of benzylaminopurine


Simko [7] observed a close association of in vitro formation of microtubers in potato explant culture with hormonal changes. Specifically, Hussey and Stacey [4] reported the important role of cytokinins in the in vitro tuberization. In accordance with these observations, the use of BAP was found beneficial in stimulating early tuber formation in both Obelix and Desiree cultivars (Fig. 1). However, the effect was variable depending on the genotype and cytokinin concentration. The response of potato cultivars studied was in general agreement with previously reported findings by a number of investigators using different cultivars [5, 6, 10]. 
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An appreciable increase in percentage of tuberization was observed as result of time factor. Such increase was noticed in Desiree cv at 10 mg/l BAP after 5 months compared to the first month of incubation (Fig. 1B). However, the highest increase in tuberization percentage in this cultivar was noticed after 6 months in medium devoid of cytokinin. Abbott and Belcher [5] described such increase as age–tubering which masked the effect of cytokinin.


Addition of 1 mg/l BAP to the medium increased the number of microtubers produced for Obelix cultivar compared to all other combinations (Fig .2). BAP together with CCC were used as standard procedure developed at International Potato Center (IPC) for in vitro tuber production for over 50 different genotypes covering a wide genetic base at 0.5 and 500 mg/l respectively [2]. However, the mean number of produced tubers per Erlenmeyer flask via IPC procedure ranged between 8-24 depending on the genotype, which exceeded the number obtained in the present study. This suggests the interference of CCC in the biosynthetic pathways of GA3 and other growth regulators in favor of tuberization [7, 9,10]. 


The increase in diameter and weight of microtubers produced in vitro was associated with the highest concentrations of BAP in Obelix and lowest levels in Desiree (Fig. 2B, 2C). It is worth to mention that these highest values exceeded that obtained by Tovar et al. [2]. In accordance with their observations, the discrepancies were owed to genotypic differences. Moreover, the differences elucidated that the hormonal control of potato tuberization in intact plants and isolated nodal cuttings was highly complex developmental process vary with genotype [5]. 

Effect of photoperiodism


Exposure of cultures to continuous 21 LD treatment induced early microtuber formation in Obelix cultivar (2 months) followed by complete darkness and treatment of 14 LD +7 SD (Table 1). The same trend was observed in Desiree potato cv except that no response was observed in dark treatment. This was consistent with Garner and Blake [12] who expected that early cultivars (as in the case of Obelix) have the ability to tuberize regardless of day length. 


The photoperiodic treatment of 14 LD + 7 SD induced a significant advances in number, size and weight of in vitro produced microtubers (Fig. 3). In fact, Charles et al. [14] defined the same treatment as an optimum condition for in vitro tuberization. In contrast, the improvement of the same parameters in Desiree was obtained at 21 LD treatments. This indicated the association of the morphogenetic responses with the genotypic characteristics [2, 5, 14]. 


Explants subjected to complete darkness was observed to produce aerial microtubers on etiolated stem, whereas, those under light condition resulted in axiliary green microtubers near the base of plantlets and adjacent to medium surface. Slimmon et
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Table 1. Percentage of in vitro microtuber formation in Obelix and  Desiree potato  cultivars in response to differential photoperiodic treatments

	Photoperiod
	Cultivar
	Time (months)

	
	
	1
	2
	3
	4
	5
	6

	Dark
	Obelix


	0(0-4)a
	10(5-18)
	10(5-18)
	10(5-18)
	40(30-50)
	40(30-50)

	
	Desiree


	0(0-4)
	0(0-4)
	0(0-4)
	0(0-4)
	0(0-4)
	0(0-4)

	21 LD
	Obelix


	0(0-4)
	0(0-4)
	10(5-18)
	10(5-18)
	30(21-41)
	70(60-89)

	
	Desiree


	0(0-4)
	0(0-4)
	10(5-18)
	10(5-18)
	40(30-50)
	40(30-50)

	21 SD
	Obelix


	0(0-4)
	0(0-4)
	0(0-4)
	0(0-4)
	20(13-29)
	30(21-41)

	
	Desiree


	0(0-4)
	0(0-4)
	0(0-4)
	0(0-4)
	10(5-18)
	30(21-41)

	14 LD + 7 

SD
	Obelix


	0(0-4)
	10(5-18)
	10(5-18)
	10(5-18)
	20(13-29)
	20(13-29)

	
	Desiree


	0(0-4)
	0(0-4)
	10(5-18)
	10(5-18)
	50(40-60)
	50(40-60)

	a 95% confidence limits in parenthesis


 al. [11] and Charles et al. [14] reported similar behavior. This probably explains the heavy weights of tubers produced in light incubated cultures. Therefore, the position of the developed microtubers may have an effect on its fresh weight, in as much as, being in direct contact with the medium, it absorbs water and/or nutrient via lenticels of microtubers [11]. 


Figure 3 showed that 3 tubers per explant with an average weight of 219 mg were produced in Obelix cultivar, which surpassed that obtained by Charles et al. [14]. The dissimilarities were probably due to genotype variations which likely influence explant performance towards microtuber induction. Similarly, Garner and Blake [12] reported differences between cultivars in response to day length upon testing nitrogen concentration of MS [18] culture medium. They found that the full strength of nitrogen in MS [18] salt ingredients resulted in an appreciable increase in microtuber fresh weight.

Effect of sucrose


Sucrose has been extensively used to induce potato microtubers [16]. Data of Obelix and Desiree cultivars revealed the essentiality of sucrose addition to the basal medium (Table 2). It was evident that explants maintained in medium devoid of sucrose responded negatively with respect to tuber formation regardless of the incubation periods. In contrast, the use of sucrose at concentrations range between 6-12% resulted in earlier microtuber formation especially in Obelix cultivar and the intensity of microtuber formation increased progressively with the length of incubation period. These results confirmed the importance of sucrose on in vitro microtuber development as described by a number of investigators [1, 4, 5, 12].
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Table 2. Influence of different sucrose concentration on percentage of in vitro tuberization of  Obelix and Desiree potato cultivars 

	Sucrose concentration (%)
	Cultivar
	Time (months)

	
	
	1
	2
	3
	4
	5
	6

	0
	Obelix


	0(0-4)a
	0(0-4)
	0(0-4)
	0(0-4)
	0(0-4)
	0(0-4)

	
	Desiree


	0(0-4)
	0(0-4)
	0(0-4)
	0(0-4)
	0(0-4)
	0(0-4)

	3 
	Obelix


	0(0-4)
	0(0-4)
	0(0-4)
	10(5-18)
	10(5-18)
	10(5-18)

	
	Desiree


	0(0-4)
	0(0-4)
	0(0-4)
	0(0-4)
	0(0-4)
	0(0-4)

	6 
	Obelix


	10(5-18)
	10(5-18)
	10(5-18)
	20(13-29)
	50(40-60)
	60(50-70)

	
	Desiree


	0(0-4)
	0(0-4)
	0(0-4)
	10(5-18)
	10(5-18)
	30(21-41)

	9 
	Obelix


	20(13-29)
	30(21-41)
	40(30-50)
	40(30-50)
	50(40-60)
	60(50-70)

	
	Desiree


	0(0-4)
	0(0-4)
	0(0-4)
	30(21-41)
	30(21-41)
	30(21-41)

	12 
	Obelix


	20(13-29)
	20(13-29)
	20(13-29)
	20(13-29)
	40(30-50)
	50(40-60)

	
	Desiree


	0(0-4)
	10(5-18)
	10(5-18)
	10(5-18)
	20(13-29)
	20(13-29)

	 a 95% confidence limits in parenthesis



High sucrose concentrations may act as inducing signal leading to starch accumulation [1]. In this respect, significant increases in number, diameter and weight of microtubers were observed at 9% level of sucrose compared 3% in Obelix cv (Fig. 4). Garner and Blake [12] obtained similar results, and they found that use of 8% sucrose advanced initiation and increased number and weight of microtubers compared to 4%. In Desiree cv microtuber initiation needed highest sucrose concentration, however, tuberization response was initiated at 6% concentration and the average number of tubers, weight and size was increased with increasing sucrose concentration to the maximum at 12%, though, it was not significantly different from 9%. Hence, the optimum concentration in this experiment for both genotypes was 9%. Differences in response to sucrose between genotypes were consistent with Abbott and Belcher observation [5].


The International Potato Center (IPC) strongly recommends utilization of in vitro techniques for multiplication of potato. This mainly due to ideal phytosanitary conditions and clean propagules allowing exchange of seed potato among countries. Here we have demonstrated that the use of 1 mg/l of BAP and 9% sucrose under light cycle of 14 LD + 7 SD is a sound system for potato tuberization in vitro. The study also demonstrates that in vitro tuberization capacity of potato depends on the genotype.   
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تأثير الفترة الضوئية و إضافة السكروز و هرمون السايتوكينين

على عملية تكوين الدرينات في بعض أصناف البطاطس

الفاتح محمد مهدي ، حمد سعد آل سعد ، و سكينة محمد أحمد الشبلي)1 (
مختبر زراعة الأنسجة النباتية ، إدارة البحوث الزراعية و المائية

وزارة الشؤون البلدية و الزراعة

ص.ب. 1967 الدوحة ـ قطر

 (قدم للنشر في 29/1/1424هـ ؛ قبل للنشر في 15/1/1425هـ)

ملخص البحث . أجريت الدراسة لتقييم أثر إضافة هرمون السايتوكينين و السكروز و الفترة الضوئية على تكوين الدرنات في صنفين من البطاطس. تمت زراعة أجزاء نباتية مكونة من سلامية واحدة للأنبوب في وسط موراشيجي و سكوج الصلب و اختبار 4 مستويات من كل من السايتوكينين (بنزايل أمينوبيورين- (BAP  و السكروز إضافة إلى 4 معاملات ضوئية . أوضحت النتائج زيادة عدد ووزن الدرينات المتكونة في صنف أوبلكس عند مستوى 9% من السكروز ، أما في صنف ديزري فقد لوحظ زيادة العدد و الوزن تدريجيا مع زيادة التركيز . كما اتضح أن هرمون السايتوكينين يعمل على استحثاث التكوين المبكر للدرنات في صنف أوبلكس. و قد تم الحصول على أفضل النتائج عند تركيز 1 ملجم/اللتر بالرغم من تماثل استجابة الصنفين في جميع مستويات السايتوكينين الأخرى. فيما يختص بالمعاملات الضوئية ، فإن هنالك فروقات معنوية بين الأصناف و المعاملات الضوئية المستخدمة، إلا أن معاملة تناوب فترتي الضوء والظلام  (14LD+7 SD) نتج عنها زيادة عدد الدرنات مع كبر حجمها وزيادة وزنها في صنف أوبلكس . أما في صنف ديزري فإن النبيتات تتماثل في استجابتها تحت الإضاءة، و كان لمعاملة الظلام تأثير سلبي . 

____________________

 (1) العنوان الحالي- محطة أبحاث شمبات ، هيئة البحوث الزراعية، ص.ب. 30 ، الخرطوم بحري. 
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Fig. 1. In vitro tuberization of Obelix (A) and Desiree (B) potato cultivars at 0 ((), 1 (■), 10 (() and 100 (o) mg/l bezylaminopurine at different incubation intervals. Means with same letters are not significantly different at 5%.
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Fig. 2. Effect of BA on the number of microtubers formed in Obelix (           ) and Disiree (           ) potato cultivars in vitro. Data taken after 6 months of incubation. Means with same letters are not significatnly different at 5%.
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Fig. 3. Influence at photoperiodic treatments on number (A), size (B) and weight (C) of microtubers formed in Obelix (        ) and Desiree (       ) potato cultured in vitro. Means with same letters are not significantly different at 0.05 level.
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Fig. 4. Effect of sucrose concentration on number (A), size (B) and weight (C) of microtubers formed in Obelix ( � )  and Desiree (� ) potato cultivars cultured in vitro. Means with same letters are not significantly different at 0.05 level.
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*Present address: Shambat Research Station, AR C.P.O. Box 30, Sudan.





