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Abstract

:

International Potato Center (CIP), -bred potato genotypes produce various yields under heat stress conditions due to being sown late. To explore options for achieving this, a replicated experiment was conducted at the field of Tuber Crops Research Sub-Centre, Bangladesh Agricultural Research Institute, Bogura, Bangladesh to evaluate the performance of fourteen CIP-bred potato genotypes with two controls (Asterix and Granola). The experiment was laid out in a split-plot design with three replications. Several indices were applied to find out the suitable genotypes under heat stress. The plant height increased by 34.61% under heat stress, which was common in all the potato genotypes. Similarly, other yield-participating characters like stem per hill, canopy coverage (%), plant vigor, and tuber number per plant were also increased under heat stress conditions. However, the tuber yield was decreased by 6.30% and 11.41%, respectively when harvested at 70 and 90 days after plantation. Moreover, “CIP-203” yielded the highest (40.66 t ha−1) in non-stressed whereas, “CIP-118” yielded the highest (32.89 t/ha) in stressed conditions. Likewise, the bred “CIP-218” and “CIP-118” performed better under both growing conditions and yielded >35.00 t ha−1. According to a rank-sum test, among the fourteen potato genotypes, “CIP-218”, “LB-7”, “CIP-118”, “CIP-232”, and “CIP-112” were selected as heat-tolerant potatoes and can grow in both growing conditions with higher yield potential.
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1. Introduction


Potato (Solanum tuberosum L.) is the world’s leading vegetable crop that can safeguard the food security caused by its ever-increasing demand; it is the fourth-highest produced crop worldwide after wheat, corn and rice [1]. Being a highly nutritious food, potato is thought of as one of the most advantageous crops to lessen starvation, malnourishment, and poverty throughout the world, due to its high productivity, as shown by its remarkably high harvesting index above 75% [2,3]. So, it can play a notable role in human nutrition as an addition to other staple crops such as wheat and rice [4]. While the global potato production has expanded in the previous two decades, this was primarily due to an increase in the cultivated area, whereas the average yield rates persisted at a nearly steady rate in emerging countries [5]. Nearly all the annual world potato production is supplied by emerging countries, where it is cultivated in marginal regions susceptible to ecological inconsistencies such as heat, drought, and salinity [6].



According to Food and Agriculture Organization Corporate Statistical Database (FAOSTAT) [7], in Bangladesh, about 9.74 million tons (Mt) of potato were produced from about 0.47 million hectares (Mha) of land with an average yield of 20.41 t ha−1 and it ranks in 8th position in production in the world and it ranks 2nd in the country [7]. Over two decades, total potato production of 9.47 Mt has been reached from 1.55 Mt, in an area of of 0.47 Mha from 0.136 Mha. During these periods per unit area, potato production has been increased 1.80-fold [7]. The demand for potato production in the country is increasing in order to feed the ever-increasing population and by 2030 the country needs to increase yield from 20.43 t ha−1 to 41.50 t ha−1 of potatoes to attain food and nutrition security as well.



Potatoes can provide good yield even at day temperatures of 30–35 °C provided nights are below 18 °C. While night temperature reaches beyond 22 °C, there is little tuberization even when the day temperature is 25–27 °C. So, heat tolerance in potatoes is concerned more with the minimum night temperature than the maximum day temperature [8]. Temperatures higher than optimum considerably affect several physiological attributes related to yield and quality [9]. So, the features of heat tolerance which are important and need to be considered in the potato variety development system are the capability to tuberize at elevated night temperature and early maturity of the crop.



Expansion of potato production into the developing nations mostly occurs in tropical and subtropical areas, where the average temperatures are more elevated than the ideal temperature, which brings heat stress sensations into the minds of potato producers. Furthermore, to this expansion, global warming consequences add dangers for sustainable potato production in most regions [10]. Heat stress can adversely affect growth and yield in crop plants by altering several physiological processes and metabolic pathways [11]. According to Hijmans, [12], global warming alters the potato production in various regions of the world and the global potential yield of potato and is supposed to lead to a reduction of 18–32% without adaptation and of 9–18% with adaptation.



Breeding heat-tolerant potato genotypes/varieties which are now considered alongside the highest priorities in most breeding programs are used to ensure sustainable potato production under the above risks. The advance of heat-tolerant potato genotypes/clones that are able to tuberize under heat stress is a sensible and cost-effective way to lower the adverse effects of heat stress on the productivity of the crop. The problem of potato heat-susceptibility has gained more interest in the last few decades due to global climate change occurring. Under such situations, there is plenty of scope to find genotypes that have the innate capability of producing relatively higher yield under heat stress conditions. To develop heat stress-tolerant cultivars, efforts were initiated in the sub-continent [13,14,15] and the impacts of high temperatures on potato production will increase over the next decades, due to climate change and the extension of cultivation in heat prone areas [16,17,18].



Determination of morphological traits and yield impacting to the heat tolerance of potato genotypes is essential to improve the effectiveness of the procedure for the selection of tolerant varieties. This research is hypothesized with some morphological traits and yield that could be used to easily identify the heat-tolerant potato genotypes with high yield under late-sown (heat) field conditions. To experiment with the hypothesis, the responses of some attributes of potato genotypes to high-level temperatures were first evaluated under optimal or supra-optimal rising temperatures in a sub-tropical setting in Bangladesh.




2. Materials and Methods


2.1. Site Description


The field experiment was conducted over two years (2015–2016 and 2016–2017) on the Experimental Farm of the Tuber Crops Research-Sub Centre (TCRSC) of Bangladesh Agricultural Research Institute (BARI) at Bogura (24°51″ N, 89°18″ E and 17 m above sea level). The climate in this region is subtropical monsoon with an average annual rainfall of 1762 mm, 90% of which falls from May to September. Monthly average maximum temperature ranges from 25 °C in January to 35.1 °C in April, while monthly average minimum temperature ranges from 11.7 °C in January to 25.6 °C in June. The soil of the experimental site belongs to Agroecological zone 25 (Level Barind Tract) developed over Madhupur clay. The predominant soils have shallow and deep grey terrace soils, silty, and puddled topsoil with plough pan. The soils are low in available moisture-holding capacity and slightly acidic to acidic (pH 4.3 to 6.1) in response. Organic matter status is very low and most of the available nutrients are low to medium [19]. During the trial period (November to March) monthly mean maximum and minimum temperature, and rainfall were recorded and are represented in Figure 1.




2.2. Plant Materials and Experimental Design


Fourteen International Potato Centre (CIP)-bred potato clones of two popular varieties “Granola” and “Diamant” were used as control varieties in this trial. This experiment was designed in a split-plot design with randomized complete blocks (RCB) arrangements replicated thrice, considering the planting time (20 November and 20 December) in the main plots and potato genotypes in the subplots. Fourteen potato genotypes were selected for their known identity (tolerant to biotic and abiotic stress) (Table 1), yield potentiality and tuber characteristics (www.cipotato.org; accessed on 28 February 2021).




2.3. Crop Management


Fourteen CIP-bred potato genotypes along with two control varieties were placed in the experiment at two different times (20 November and 20 December) to be able to create normal (control) and late (heat-stressed) situations. Potato seeds were sown on 20 November and 20 December each year, when soil moisture was optimum, at 1500 kg seed ha−1, with a row spacing of 60 cm and plant spacing of 25 cm, maintaining a sowing depth of 3–5 cm. Before planting, seed tubers of each genotype were treated with carbendazim (0.1%) to control Rhizoctonia infection.



Total fertilizer application was 150 kg N ha−1 of urea, 64 kg P ha−1 of triple superphosphate, 125 kg K ha−1 of muriate of potash, 20 kg S ha−1 of gypsum, 2 kg Zn ha−1 of zinc sulphate and 1.5 kg B ha−1 of boric acid. Half of the N and all the P, K, S, Zn and B fertilizers were broadcasted just before plantation, and the rest of the N was top dressed at 30–35 days after plantation (DAP) as well as the earthing up also being done at the same time. The crops were irrigated four times in both years for the normal and heat stress treatment, respectively. Light irrigation was applied at 8–10 DAP for proper emergence of the tubers and considered as the 1st irrigation; the 2nd and 3rd irrigations were applied at 30–35 and 45–50 DAP maintaining 2/3rd depth of the furrow. Finally, at 60–65 days (d), light irrigation was also applied. Two hand weeding was done before the 2nd (at 30–35 DAP) and 3rd (60–65 DAP) irrigations by spading in between the ridges and covering the ridges with loose soil.



During land preparation, carbofuran (Furadan 5G®, Padma Oil Company Limited, 7-9 Karwan Bazar, BTMC Bhaban (10th Floor), Dhaka 1215, Bangladesh) @ 500 g a.i. ha−1 as basal during land preparation was applied to control Cutworm infestation and Imidacloprid (Admire 20 SL®, Bayer Crop Science Limited, Dhaka 1215, Bangladesh) @ 25 g a.i. ha−1 was sprayed in two instalments at 45 and 60 DAP to control Aphid infestation. The crops were also sprayed alternatively with Mancozeb (Dithane-M 45®, Bayer Crop Science Limited, Dhaka 1215, Bangladesh) @ 1.76 kg a.i. ha−1 and Mancozeb @ 98.8 g a.i. ha−1 and Fenamidin @ 494 g a.i. ha−1 (Secure®, Bayer Crop Science Limited, Dhaka 1215, Bangladesh) at 15 d interval to prevent the Late Blight infection of potatoes. The crop was harvested at 70 and 90 DAP to observe the earliness and regular bulking of the tubers. Data were recorded on various morphological and yield participating characters. Tuber yield was recoded from a 4 m2 (2 m × 2 m) area and converted to t ha−1. Plant height (cm), no. of stem plants−1, canopy coverage (%) and plant vigor were recorded from the average of 10 plants at 60 DAP. Days to tuber initiation were recorded when 50% of the tubers formed into the plants from an average of 10 plants in each of the plots. Similarly, no. of tuber plants−1 was also recorded from the average of 10 plants. Finally, after harvest, the potatoes were graded (good or bad quality), and the good ones considered as marketable yield (more than 20 g) and the poor-quality ones as non-marketable (less than 20 g, deformed and abnormal tubers) yield and expressed in t ha−1.




2.4. Calculation of Stress Tolerance Indices


Stress tolerance indices: yield stability index (YSI), heat susceptibility index (HSI), yield reduction ratio (YRR), mean productivity (MP), geometric mean productivity (GMP), tolerance index (TOL), heat tolerance index (HTI), stress resistance index (SRI), abiotic tolerance index (ATI), yield index (YI) and relative stress index (RSI) were calculated based on tuber yield under heat stress (Ys) and non-stress (Yp) conditions. Drought tolerance indices were calculated by using the equations cited in Table 2. In the above formulas, Ys and Yp are the mean yield of genotypes under stress and non-stress conditions, respectively. For the ranking method for screening stress-tolerant genotypes, a rank-sum (RS) [20] was calculated by the following relationship: Rank sum (RS) = Rank mean + Standard deviation of rank (SDR).




2.5. Statistical Analysis


Data were analyzed by ANOVA (using STAR) to evaluate differences between treatments, and the means were separated using the least significant difference (LSD) at the 5% level of significance. Two years’ (2015–2016 and 2016–2017 crop years) average data on different morphological and yield attributes were subjected to the proper statistical analysis of variance (ANOVA) of split-plot design using the “STAR” software package. Tukey’s Honest Significant Difference (HSD) test was applied to detect statistical variations among genotypes, planting times and interaction treatment means when the F-test for these treatments was significant at 5% probability level.





3. Results and Discussion


3.1. Environmental Conditions


Average monthly air temperature during the regular growing period differed between 13.41 and 28.75 °C in 2015–2016 and between 13.31 and 30.43 °C in 2016–2017 (Figure 1). However, it ranged from 13.41 to 31.24 °C during the late growing period in 2015–2016 and from 13.31 to 31.72 °C in 2016–2017. From plant rise to harvest, the average maximum air temperature was 26.50 °C and 27.63 °C under regular growing conditions in 2015–2016 and 2016–2017, separately (Figure 1). Under late growing conditions, the average maximum air temperature from emergence to harvest was 27.12 °C and 27.92 °C in 2015–2016 and 2016–2017, respectively (Figure 1).



The average maximum air temperatures from the tuber development to harvest in both years under regular and late growing environments in both years were less than 30.0 °C. The average minimum air temperatures from emergence to harvest, under regular growing conditions, were 17.04 °C and 16.98 °C in 2015–2016 and 2016–2017, separately (Figure 1). Under late growing conditions, the average maximum air temperatures from emergence to harvest were 18.10 °C and 18.08 °C in 2015–2016 and 2016–2017, respectively (Figure 1). The average maximum air temperatures from tuberization to harvest in both years under regular and late growing conditions in both years were nearer to 18.0 °C, respectively.



However, from the graphs in both years, it was clear that minimum air temperatures started rising in fourth and third weeks of February (more than 18 °C) and at harvest reached at 25.57 °C and 24.96 °C, respectively. So, we can say that in the late growing seasons potato genotypes faced slight heat stress during the tuber bulking to tuber maturity stages, which limited the tuber yield in different degrees.




3.2. Morphological Attributes


In terms of the genotype × environment interaction, aboveground vegetative growth attributes such as plant height, stem per plant and canopy coverage were markedly influenced by elevated temperatures (Table 3). The plant height of potato genotypes was enhanced in elevated-temperature situations with an overall average increment of (34.61%) under heat stress conditions compared to non-stress conditions observed commonly in all the genotypes. Plant height among the genotypes was ranged from 32.80 to 69.00 cm (mean: 51.54 ± 8.73) in non-stress planted plants, while it was 45.46 to 93.60 cm (mean: 69.38 ± 12.41) in heat-stressed plants (Table 3). “CIP-218” produced the maximum plant height in both conditions with 35.65% extra growth. Under the non-stress situation, “CIP-232” produced the smallest plant; however, “Granola” produced the smallest plant in the heat stress situation.



Our results are consistent with an increase in net foliar photosynthesis of “Desirée” plants under relatively mild heat stress (30–20 °C, day–night) [30], even though the reported chlorophyll content decreased in this cultivar. The increased plant height under heat-stress conditions in our study may also be due to higher shoot-to-tuber allocation of photosynthates. Our results of increased height growth under heat stress are in agreement with previous studies [31].



All potato genotypes reacted with an average increase in stem number per plant of about 32% in elevated temperature/heat stress conditions (Table 3). The variation in stem number per plant among genotypes ranged from 2.80 to 7.47 in non-stress planted plants, and 4.47 to 9.93 in heat-stressed plants with corresponding means of 5.25 ± 1.48 and 6.93 ± 1.52, respectively (Table 3). In non-stress planting, the highest stem number per plant was found in “Asterix” and the lowest was in “CIP-139”. In heat stress, the highest stem number per plant was found in “CIP-218” and the lowest was found in “CIP-127”. Under heat stress conditions, the genotype “CIP-139” exhibited with the highest change (90.36%) in stem number per plant while “Asterix” was the lowest (2.75%) in non-stress conditions (Table 3).



However, in comparison of non-stress and heat stress plantations, more average plant canopy was covered by the genotypes noted in heat stress conditions. Canopy coverage of non-stress planted plants was ranged from 78.33% to 98.33% with an average of 86.77% and that of late-planted plants from 81.67% to 98.33% with a mean of 90.83% (Table 4). In non-stress conditions, more than 90% of the plant canopy was covered by seven genotypes, whereas, in heat stress, it was covered by eleven genotypes. “CIP-203” and the control “Granola” covered the mean highest and lowest canopy at 60 DAP.



Plant vigor of non-stress planted plants varied from 3.00 to 5.00 with an average of 4.25 and that of heat stress planted plants from 3.33 to 5.00 with a mean of 4.42 (Table 4). In non-stress clones, the most vigorous plant growth was found in five clones (“CIP-139”, “CIP-202”, “CIP-203”, “CIP-218” and “LB-7”) while in the heat-stressed clones it was three (“CIP-118”, “CIP-202” and “LB-7”). The mean highest plant vigor was found in “CIP-202”. However, in comparison of non-stress and stress plantation, more vigorous plants on average were found in late-planted genotypes.




3.3. Yield Attributes


The genotypes, growing conditions, and their interactions were significantly effective on all agricultural traits such as days to tuber initiation, tuber number at 90 DAP, tuber yield at 90 DAP and are shown in Table 5. In non-stress planted plants, days to tuber initiation ranged from 25.00 to 32.33 d with an average of 30.15 d and that of stress planted plants from 26.67 to 32.67 with a mean of 30.19 d (Table 4). In non-stress planting, “CIP-218” took the minimum and “CIP-112” took the maximum days to tuberization; however, in stress planting, “CIP-202” took the maximum and “CIP-218” took the minimum days to tuberization. In both conditions, minimum days were required for tuberization in “CIP-218”. “CIP-112” took the average maximum days to tuberization.



High temperatures resulted in considerable reductions in tuber number in all genotypes except for “CIP-139” and “LB-7” (Table 5). The variation in tuber number per plant among the genotypes varied from 5.77 to 13.77 in stress plants, and 6.06 to 13.97 in non-stressed plants with corresponding means of 9.40 and 11.75, respectively (Table 5). In stress planting conditions, an average of 20.00% reduced tuber number per plant was recorded compared to non-stress conditions. Except for “CIP-139” and “LB-7”, all the genotypes produced a higher number of tubers per plant in the stress planting condition. In both conditions, “CIP-220” produced the same tuber number per plant. “CIP-112” produced the average maximum tuber number per plant under non-stress conditions while and CIP-239 produced the average minimum tuber number per plant under stress conditions.



Consequently, the total tuber yield of genotypes was also noticeably decreased at 70 and 90 d up to harvest due to heat stress during the growing season. Adjusted yield (t ha−1) at 70 d of sixteen potato genotypes varied significantly under both non-stress and stress planted situations (Table 6). It was found that the stress planting condition reduced mean yield 6.30% at 70 d harvest. Genotype “CIP-118” exhibited the highest yield (34.17 and 30.27 t ha−1) in non-stress and stress planting conditions and showed a reduction of 11.41%. On the other hand, “LB-7” yielded the lowest (20.92 t ha−1) in the non-stress condition and with the minimum yield reduction (2.29%). The lowest yield in the stress planting condition was found in “CIP-205” (18.83 t ha−1) with 10.93% yield reduction. The maximum yield reduction (26.32%) was found in “CIP-229” at 70 d harvest. From the results, it was found that more than 30 t ha−1 yield was harvested from “CIP-118” and “CIP-218” at both conditions with a reduction of 11.41% and 7.45%, respectively.



Regarding adjusted tuber yield (t ha−1) at 90 DAP, the variation among the genotypes ranged from 25.32 to 40.66 t ha−1 in non-stress, and 20.39 to 32.89 t ha−1 in stress planted conditions with corresponding means of 32.78 and 25.80 t ha−1, respectively (Table 7). “CIP-118” exhibited the highest yield (34.17 and 30.27 t ha−1) in non-stress and stress planting and showed a reduction of 11.41%, whereas “LB-7” yielded the lowest (20.92 t ha−1) in non-stress conditions and with the minimum yield reduction (2.29%). The lowest yield in stress planting was found in “CIP-205” (18.83 t ha−1) with 10.93% yield reduction. The maximum yield reduction (26.32%) was found in “CIP-229” at 70 d harvest. From the results, it was found that more than 30 t ha−1 yield was harvested from “CIP-118” and “CIP-218” at both conditions with a reduction of 11.41% and 7.45%, respectively. In our study, marketable yield (kg plot−1) at 90 d of sixteen potato genotypes varied significantly under both non-stress and stress planted conditions (Table 7). It was found that the stress planting condition reduced average marketable yield 21.78% at 90 d harvest while the non-marketable yield (kg plot−1) did not vary significantly; however, in the stress planted condition it was found to be 200% more. In the present study, this proves that heat stress affects the total and marketable yield of potatoes by reducing the number and weight of tubers and also causing tuber disorders. Thus far, a relatively small number of heat-tolerant potato cultivars are recognized.



The most heat-vulnerable stages of potato growth and development are tuber initiation and tuber bulking. The tuber initiation stage starts with inhibition of the longitudinal growth of the stolons and swelling of the first internode behind the stolon apical bud to form initial tuber. In this study, under heat stress conditions, tuber initiation followed by tuber bulking started around 1.67 d earlier. However, in control/non-stress conditions, the increase in the weight and size of the tubers occurred in an almost linear fashion and turned into the main site for the deposition of starch and other nutrients. However, the source–sink relationships between foliage and tubers were affected by heat stress and also enhanced stem growth and branching, increased the leaf number but caused a reduction in leaf size and total leaf area [32]. Our research showed that heat stress harshly lowers the tuber development and tuber weight by interrupting the tuberization signal (30), changing the expression of the genes related to the circadian clock [30] as well as reducing an accumulation of carbon into starch in the tuber [30] and the fact remains that plants under heat stress remained largely green until harvest (data not shown). The findings of the current study are in line with earlier comparable findings [31,33]. In mild heat stress (30/20 °C day/night, 5 weeks) conditions, potato plants displayed a change in assimilate partitioning indicated by the greatly increased leaf dry matter and reduced tuber fresh and dry weight, dry matter and harvest index [30]. Recent breakthroughs have revealed that elevated temperature probably hinders tuber initiation by suppressing the expression of tuberization signal protein, named StSP6A [30]. At a mildly elevated temperature regime (30/20 °C, day/night), StSP6A transcript levels in leaves decreased by up to 50% at most time points during the 24-h cycle [30].




3.4. Comparing Genotypes Based on the Resistance/Tolerance Indices


To explore suitable stress resistance indices for the screening of genotypes under heat stress conditions, average tuber yield per plant of potato genotypes under both non-stress (control) and stress conditions (late planting) were measured for calculating different sensitivity and tolerance indices (Table 8). Genotypes with high yield under stress conditions (Ys), “CIP-218” ranked first followed by “CIP-118”, “CIP-203”, “LB-7” and “CIP-221”, while in non-stress conditions “CIP-203” ranked first, followed by “CIP-118”, “CIP-218”, “CIP-127” and “LB-7”. The genotype “CIP-221” had the highest yield stability index (YSI) with the lowest stress susceptibility index followed by “CIP-232”, “CIP-218” and “CIP-112”. A yield reduction ratio (YR) with a low value would be more tolerant to stress and this followed a similar trend to the stress susceptibility index (SSI).



According to Abiotic stress tolerance index (ASTI), MP and GMP values, the five genotypes namely “CIP-218”, “CIP-203”, “CIP-118”, “CIP-LB-7” and “CIP-127” were identified as heat-tolerant genotypes. While genotypes such as “CIP-205”, “Asterix” and “CIP232” were identified as susceptible genotypes, because of their low values for ASTI, MP and GMP. Genotypes with low tolerance (TOL) will be more tolerant to heat stress and “CIP-221” showed the lowest value followed by “CIP-232”, “Granola”, “CIP-112” and “CIP-218”. Calculation of stress resistance index (SRI) yield index (YI) and relative stress index (RSI) showed that the highest index value was related to the four genotypes namely “CIP-218”, “CIP-221”, “LB-7”, “CIP-118” and “CIP-232”, indicating that these genotypes had lower per plant tuber yield reduction under stress conditions and the highest sensitivity to heat stress conditions. Among all genotypes, “CIP-220”, “Asterix” and “CIP-202” with high SSI were identified as heat susceptible genotypes and suited for the non-stress condition. It seems that indices TOL and SSI had succeeded in the selection of genotypes with high yield under stress conditions but had failed to select genotypes with proper yield under both environments. Finally, the abiotic tolerance index (ATI) was also used and the genotypes with low values of the parameter can be selected as tolerant genotypes to heat stress. In this study, genotypes such as “CIP-221”, “CIP-232”, “CIP-218”, “Granola” and “CIP-112” were identified as heat-tolerant genotypes.




3.5. Ranking of the Genotypes


The estimates of an indicator of stress tolerance (Table 8 and Table 9) revealed that the detection of heat-tolerant genotypes was ambiguous based on a single criterion. Different indices introduced different genotypes as heat tolerant. The following ranking method was used to give a comprehensive assessment. To determine the most desirable heat tolerant genotype according to all indices, mean rank, the standard deviation of the ranks and rank-sum (RS) of all heat tolerance criteria were computed and based on these criteria. The most desirable heat/stress-tolerant genotypes were identified in consideration of all indices, “CIP-218”, exhibited the lowest RS followed by four genotypes namely, “LB-7”, “CIP-118”, “CIP-232” and “CIP-112”, while the genotypes “CIP-220” and “Asterix” were identified as the most heat-sensitive (Table 9). Another control variety “Granola” had a moderate sensitivity to heat stress. Therefore, these genotypes are recommended to be used as parents for genetic analysis and improvement of heat tolerance in potatoes. The ranking method has been used for screening drought/stress-tolerant cultivars by Khalili et al. [34] in canola, Farshadfar and Elyasi [20]; Farshadfar et al. [35]; Ashraf et al. [36] in bread wheat; Mahmud et al. [37] and Mahmud et al. [38] in potato.





4. Conclusions


In this study, it was found that heat stress increased plant height, stem per plant, canopy coverage, plant vigor and tuber number per plant of potato. However, it reduced the tuber yield by reducing the average tuber weight per plant. In this evaluation, selection of heat-tolerant potato genotypes with desirable yield in both stress and non-stress conditions was done based on several indices rather than only one index’s information. Last but not least, the multiple statistical procedures which were used in this study showed that, among all the genotypes, “CIP-218”, “LB-7”, “CIP-118”, “CIP-232” and “CIP-112” were identified as the heat-tolerant potato genotypes and it may be recommended to release a variety(s) for commercial cultivation in heat prone areas of South-Asia including Bangladesh.
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Figure 1. Maximum and minimum air temperature (°C) and rainfall (mm) in both years. 
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Table 1. List of the 16 potato genotypes with their characteristics used in screening for heat stress tolerance.
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	Sl. No.
	Genotype/Variety
	Tolerant Group
	Tuber Characters





	1
	CIP-112

(380606.6)
	Abiotic stress (Heat and Salinity), Adapted for Low-land Tropics
	Round tuber and medium-size tuber with medium deep eyes, red skin with yellow flesh color.



	2
	CIP-118

(388615.22)
	Abiotic stress, Adapted for Low-land Tropics
	White–cream skin with cream flesh color, oblong-shaped with shallow eyes



	3
	CIP-127

(392820.1)
	Abiotic stress (Heat), Adapted for Low-land Tropics
	Oval–oblong shape and medium size tuber with shallow eye depth. White cream skin with cream flesh.



	4
	CIP-139

(396311.1)
	Abiotic stress (Heat and salinity), Adapted for Low-land Tropics
	Short oval shape and medium to large size tuber with slightly deep eye depth and red skin color with pale yellow flesh color.



	5
	CIP-202

(302476.108)
	Heat tolerant, High in Fe content, Adapted for Low-land Tropics
	Pink skin with yellow flesh, long-oblong shape with the shallow eye.



	6
	CIP-203

(302498.70)
	Heat tolerant, Adapted for Low-land Tropics
	White–cream skin, cream flesh, oblong shape with the shallow eye.



	7
	CIP-205

(302499.3)
	Salinity tolerant
	Cream skin color with cream flesh, oblong shape, shallow eye.



	8
	CIP-218

(304351.109)
	Adapted for Low-land Tropics
	Red skin, cream flesh, round–oblong, shape, slightly deep eye.



	9
	CIP-220

(304366.46)
	Heat tolerant, Adapted for Low-land Tropics
	Red skin, cream flesh, oblong shape and slightly deep eye.



	10
	CIP-221

(304368.46)
	Salinity tolerant, medium resistant to late blight, adapted for Low-land Tropics,
	White–cream skin, cream flesh, round shape, shallow eye.



	11
	CIP-229

(304387.17)
	Heat tolerant, Adapted for Low-land Tropics
	White–cream skin, cream flesh, long–oblong shape and shallow eye.



	12
	CIP-232

(304394.56)
	Heat tolerant, Adapted for Low-land Tropics
	White–cream skin, white flesh, Long-oblong shape and shallow eye



	13
	CIP-235

(304405.47)
	Heat tolerant, Adapted for Low-land Tropics
	White–cream skin, cream flesh, round shape, shallow eye



	14
	LB-7

(393371.58)
	Late Blight resistant
	White shin with white flesh, round shape and medium–deep, pink eye.



	15
	Granola
	Moderate yielding, popular variety mostly suited for early cultivation in Bangladesh
	Yellowish–white skin, white flesh, round shape and shallow eye



	16
	Asterix
	High yielding, a popular variety, mostly suited for non-stress cultivation in Bangladesh
	Red skin with light yellow flesh, oval–long-oval shape, shallow eye
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Table 2. The following stress, tolerance indices were calculated for selecting heat-tolerant potatoes.
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	Index Name
	Outcome
	Reference





	Yield stability index (YSI)
	The genotypes with high YSI values can be regarded as stable genotypes under stress and non-stress conditions.
	Bouslama and Schapaugh, [21]



	Heat susceptibility index (HSI)
	The genotypes with HSI < 1 are more resistant to stress conditions
	Fisher and Maurer, [22]



	Yield reduction ratio (YRR)
	The genotypes with a low value of this index will be suitable for stress conditions
	Golestani-Araghi and Asad, [23]



	Mean productivity (MP)
	The genotypes with a high value of this index will be more advantageous
	Rosielle and Hamblin, [24]



	Geometric mean productivity (GMP)
	The genotypes with the high value of this index will be more desirable
	Kristin et al. [25]



	Tolerance (TOL)
	The genotypes with low values of this index are more consistent in two different conditions.
	Rosielle and Hamblin, [24]



	Hear tolerance index (HTI)
	The genotypes with high HTI values will be tolerant to stress
	Fernandez, [26]



	Stress resistance index (SRI)
	The genotypes with a high value of this index will be suited to stress conditions
	Lan, [27]



	Abiotic stress tolerance index (ASTI)
	The genotypes with a low value of this index is appropriate for the stress conditions
	Moovasi et al. [28]



	Yield index (YI)
	The genotypes with a high value of this index will be appropriate for stress conditions
	Gavuzzi et al. [29]



	Relative stress index (RSI)
	The genotypes with a high value of this index will be appropriate for the stress conditions
	Fisher and Maurer, [22]



	Rank sum (RS)
	The genotypes with a low value of this index will be suitable for stress conditions
	Farshadfar and Elyasi, [20]
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Table 3. Plant height and stem plants−1 at 60 days after plantation (DAP) of 16 potato genotypes under non-stress and heat stress conditions.
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Clones/Varieties

	
Average Plant Height at 60 DAP

	
% Change over Non-Stress (+/−)

	
Average Stems per Plant at 60 DAP

	
% Change over Non-Stress (+/−)




	
Non-Stress

	
Heat Stress

	
Non-Stress

	
Heat Stress






	
CIP-112

	
50.13 bcd

	
57.26 de

	
14.22

	
6.27 ab

	
9.07 ab

	
44.66




	
CIP-118

	
53.46 abc

	
64.13 cd

	
19.96

	
4.40 abc

	
7.20 abcd

	
63.64




	
CIP-127

	
47.40 bcd

	
57.13 de

	
20.53

	
3.60 bc

	
4.47 d

	
24.17




	
CIP-139

	
50.26 bcd

	
74.00 bcd

	
47.23

	
2.80 c

	
5.33 cd

	
90.36




	
CIP-202

	
57.26 ab

	
80.93 abc

	
41.34

	
5.73 abc

	
7.27 abcd

	
26.88




	
CIP-203

	
56.00 abc

	
65.66 cd

	
17.25

	
5.47 abc

	
7.47 abcd

	
36.56




	
CIP-205

	
59.26 ab

	
73.13 bcd

	
23.41

	
3.33 bc

	
5.47 cd

	
64.26




	
CIP-218

	
69.00 a

	
93.60 a

	
35.65

	
6.93 a

	
9.93 a

	
43.29




	
CIP-220

	
49.26 bcd

	
70.33 cd

	
42.77

	
6.87 a

	
8.73 ab

	
27.07




	
CIP-221

	
45.53 bcd

	
72.40 bcd

	
59.02

	
4.27 abc

	
6.6 bcd

	
54.57




	
CIP-229

	
48.13 bcd

	
63.33 cde

	
31.58

	
6.33 ab

	
7.40 abcd

	
16.90




	
CIP-232

	
32.80 d

	
59.73 de

	
82.10

	
4.40 abc

	
4.93 cd

	
12.05




	
CIP-235

	
54.86 abc

	
75.00 abcd

	
36.71

	
3.60 bc

	
6.07 bcd

	
68.61




	
Granola

	
38.33 cd

	
45.46 e

	
18.60

	
5.60 abc

	
6.00 bcd

	
7.14




	
LB-7

	
62.13 ab

	
91.00 ab

	
46.47

	
7.07 a

	
7.47 abcd

	
5.66




	
Asterix

	
50.80 abcd

	
66.93 cd

	
31.75

	
7.47 a

	
7.47 abcd

	
2.75




	
Range

	
32.80–69.00

	
45.46–93.60

	

	
2.80–7.47

	
4.47–9.93

	




	
Mean ± SD

	
51.54 ± 8.73

	
69.38 ± 12.41

	

	
5.25 ± 1.48

	
6.93 ± 1.52

	








Means with the same letter are not significantly different.
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Table 4. Canopy coverage (%) and plant vigor of 16 potato genotypes under non-stress and heat stress conditions.
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Clones/Varieties

	
Canopy Coverage at 60 DAP

	
% Change over Non-Stress (+/−)

	
Plant Vigor at 60 DAP

	
% Change over Non-Stress (+/−)




	
Non-Stress

	
Heat Stress

	
Non-Stress

	
Heat Stress






	
CIP-112

	
85.00 cde

	
90.00 bcde

	
5.88

	
4.00 b

	
4.33 ab

	
8.25




	
CIP-118

	
83.33 cde

	
85.00 def

	
2.00

	
4.00 b

	
5.00 a

	
25.00




	
CIP-127

	
90.00 bc

	
95.00 ab

	
5.56

	
4.00 b

	
4.00 bc

	
0.00




	
CIP-139

	
91.67 ab

	
93.33 abc

	
1.81

	
5.00 a

	
5.00 a

	
0.00




	
CIP-202

	
93.33 ab

	
93.33 abc

	
0.00

	
5.00 a

	
5.00 a

	
0.00




	
CIP-203

	
98.33 a

	
98.33 a

	
0.00

	
5.00 a

	
4.00 bc

	
−20.00




	
CIP-205

	
88.33 bcd

	
95.00 ab

	
7.55

	
4.00 b

	
4.33 ab

	
8.25




	
CIP-218

	
90.00 bc

	
91.67 abcd

	
1.86

	
5.00 a

	
4.33 ab

	
−13.40




	
CIP-220

	
86.67 cde

	
90.00 bcde

	
3.84

	
4.00 b

	
4.33 ab

	
8.25




	
CIP-221

	
80.00 e

	
88.33 bcdef

	
10.41

	
4.00 b

	
4.33 ab

	
8.25




	
CIP-229

	
80.00 e

	
85.00 def

	
6.25

	
4.00 b

	
4.33 ab

	
8.25




	
CIP-232

	
85.00 cde

	
98.33 a

	
15.68

	
4.00 b

	
4.00 bc

	
0.00




	
CIP-235

	
81.67 de

	
95.00 ab

	
16.32

	
4.00 b

	
4.67 ab

	
16.75




	
Granola

	
78.33 e

	
81.67 f

	
4.26

	
3.00 c

	
3.33 c

	
11.00




	
LB-7

	
93.33 ab

	
95.00 ab

	
1.79

	
5.00 a

	
5.00 a

	
0.00




	
Asterix

	
83.33 c–e

	
83.33 ef

	
0.00

	
4.00 b

	
4.67 ab

	
16.75




	
Range

	
78.33–98.33

	
81.67–98.33

	

	
3.00–5.00

	
3.33–5.00

	




	
Mean ± SD

	
86.77 ± 5.69

	
91.15 ± 5.22

	

	
4.25 ± 0.58

	
4.42 ± 0.46

	








Means with the same letter are not significantly different.
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Table 5. Average days to tuber initiation and tuber number plant−1 at 90 DAP of 16 potato genotypes under non-stress and heat stress conditions.
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Clones/Varieties

	
Days to Tuber Initiation

	
% Change over Non-Stress (+/−)

	
Tuber Number per Plant at 90 DAP

	
% Change over Non-Stress (+/−)




	
Non-Stress

	
Heat Stress

	
Non-Stress

	
Heat Stress






	
CIP-112

	
32.33 a

	
32.00 a

	
−1.02

	
16.40 a

	
10.15 abc

	
−38.11




	
CIP-118

	
30.00 ab

	
29.00 abc

	
−3.33

	
11.26 bc

	
6.97 bc

	
−38.10




	
CIP-127

	
31.00 ab

	
30.00 abc

	
−3.23

	
10.26 bc

	
7.81 bc

	
−23.88




	
CIP-139

	
32.33 a

	
31.67 a

	
−2.04

	
6.06 c

	
8.38 bc

	
38.28




	
CIP-202

	
32.00 ab

	
30.33 abc

	
−7.16

	
9.50 bc

	
8.53 bc

	
−10.21




	
CIP-203

	
32.00 ab

	
31.00 abc

	
−3.13

	
13.43 ab

	
11.75 ab

	
−12.51




	
CIP-205

	
31.33 ab

	
28.67 bc

	
−8.49

	
12.87 abc

	
9.86 abc

	
−23.39




	
CIP-218

	
26.67 c

	
25.00 c

	
−6.26

	
13.74 ab

	
10.00 abc

	
−27.22




	
‘CIP-220′

	
31.33 ab

	
29.00 abc

	
−7.44

	
11.14 bc

	
11.14 ab

	
0




	
CIP-221

	
31.33 ab

	
27.67 bc

	
−11.68

	
14.14 ab

	
9.20 abc

	
−34.94




	
CIP-229

	
31.33 ab

	
27.00 bc

	
−13.82

	
13.57 ab

	
13.95 a

	
−2.86




	
CIP-232

	
31.67 ab

	
31.00 ab

	
−2.12

	
9.92 bc

	
7.47 bc

	
−24.70




	
CIP-235

	
32.00 ab

	
29.67 abc

	
−7.28

	
12.45 abc

	
5.77 c

	
−53.65




	
Granola

	
30.00 ab

	
29.33 abc

	
−2.23

	
10.76 bc

	
9.34 abc

	
−13.20




	
LB-7

	
27.67 bc

	
27.00 bc

	
−2.42

	
11.32 bc

	
11.44 ab

	
1.06




	
Asterix

	
30.00 ab

	
28.00 bc

	
−6.67

	
10.79 bc

	
9.10 abc

	
−15.66




	
Range

	
26.67–32.67

	
25.00–32.00

	

	
6.06–13.97

	
5.77–13.57

	




	
Mean ± SD

	
30.85 ± 1.67

	
29.15 ± 1.90

	

	
11.75 ± 2.40

	
9.40 ± 1.97

	








Means with the same letter are not significantly different.
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Table 6. Tuber yield (t ha−1) at 70 and 90 DAP of 16 potato genotypes under non-stress and heat stress conditions.
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Clones/Varieties

	
Yield at 70 DAP (t ha−1)

	
% Yield Reduction over Non-Stress

	
Yield at 90 DAP (t ha−1)

	
% Yield Reduction over Non-Stress




	
Non-Stress

	
Heat Stress

	
Non-Stress

	
Heat Stress






	
CIP-112

	
24.71

	
23.30

	
5.71

	
32.42 bcde

	
21.13 de

	
34.82




	
CIP-118

	
30.96

	
26.43

	
14.63

	
34.17 abcd

	
30.27 cde

	




	
CIP-127

	
20.92

	
20.44

	
2.29

	
38.48 ab

	
32.22 ab

	
16.27




	
CIP-139

	
27.77

	
23.44

	
15.59

	
35.15 abcd

	
26.92 abcde

	
23.41




	
CIP-202

	
21.36

	
20.00

	
6.37

	
32.47 bcde

	
24.75 bcde

	
23.78




	
CIP-203

	
29.24

	
27.58

	
5.68

	
33.38 abcd

	
22.89 cde

	
31.43




	
CIP-205

	
21.14

	
18.83

	
10.93

	
40.66 a

	
29.95 abc

	
26.34




	
CIP-218

	
32.47

	
30.05

	
7.45

	
25.32 e

	
20.39 e

	
19.47




	
CIP-220

	
22.60

	
19.30

	
14.60

	
38.12 abc

	
32.89 a

	
13.72




	
CIP-221

	
24.53

	
23.41

	
4.57

	
33.25 abcd

	
21.78 de

	
34.50




	
CIP-229

	
28.53

	
21.02

	
26.32

	
27.99 de

	
26.74 abcde

	
4.47




	
CIP-232

	
26.92

	
22.41

	
16.75

	
32.84 bcd

	
24.78 bcde

	
24.54




	
CIP-235

	
26.14

	
24.80

	
5.13

	
30.89 cde

	
22.32 de

	
27.74




	
Granola

	
23.72

	
21.91

	
7.63

	
29.90 de

	
26.90 abcde

	
10.03




	
LB-7

	
25.43

	
24.78

	
2.56

	
28.37 de

	
24.13 cde

	
14.95




	
Asterix

	
20.97

	
19.01

	
9.35

	
34.24 abcd

	
28.56 abcd

	
16.59




	
Mean ± SD

	
25.66 ± 4.04

	
23.16 ± 3.63

	

	
32.78 ± 4.04

	
25.80 ± 3.77

	




	
Range

	
20.92–34.17

	
18.83–30.27

	

	

	

	








Means with the same letter are not significantly different.
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Table 7. Average of marketable and non-marketable tuber yield (kg plot−1) at 90 DAP of 16 potato genotypes under non-stress and heat stress conditions.
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Clones/Varieties

	
Marketable Yield (kg plot−1)

	
Non-Marketable Yield (kg plot−1)




	
Non-Stress

	
Heat Stress

	
Non-Stress

	
Heat Stress






	
CIP-112

	
11.08 cde

	
9.32 abcd

	
0.060

	
0.196




	
CIP-118

	
13.82 ab

	
11.53 a

	
0.033

	
0.073




	
CIP-127

	
12.62 abcd

	
9.54 abcd

	
0.040

	
0.150




	
CIP-139

	
11.65 bcde

	
8.83 bcd

	
0.040

	
0.086




	
CIP-202

	
11.99 abcd

	
8.13 bcd

	
0.020

	
0.106




	
CIP-203

	
14.59 a

	
10.69 ab

	
0.050

	
0.090




	
CIP-205

	
9.07 e

	
7.16 d

	
0.043

	
0.180




	
CIP-218

	
13.66 abc

	
11.68 a

	
0.053

	
0.156




	
CIP-220

	
11.93 abcd

	
7.72 cd

	
0.043

	
0.123




	
CIP-221

	
10.03 de

	
9.47 abcd

	
0.046

	
0.160




	
CIP-229

	
11.76 bcd

	
8.79 bcd

	
0.063

	
0.126




	
CIP-232

	
11.09 cde

	
7.98 cd

	
0.023

	
0.053




	
CIP-235

	
10.73 de

	
9.56 abcd

	
0.033

	
0.123




	
Granola

	
10.19 de

	
8.61 bcd

	
0.020

	
0.073




	
LB-7

	
12.28 abcd

	
10.16 abc

	
0.046

	
0.120




	
Asterix

	
11.64 bcde

	
7.55 cd

	
0.037

	
0.060




	
Mean ± SD

	
11.76 ± 1.45

	
9.17 ± 1.35

	
0.04 ± 0.01

	
0.12 ± 0.04




	
Range

	
9.07–14.59

	
7.16–11.53

	
0.020–0.060

	
0.053–0.196








Means with the same letter are not significantly different.
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Table 8. Mean tuber yield plant−1 (kg) under non-stress and late planting conditions and measures of different screening methods for 16 potato genotypes.






Table 8. Mean tuber yield plant−1 (kg) under non-stress and late planting conditions and measures of different screening methods for 16 potato genotypes.





	
Genotype

	
Yield Plant−1 (kg)

	
Stress Indices




	
Ys

	
Yp

	
YSI

	
SSI

	
YRR

	
MP

	
GMP

	
TOL

	
HTI

	
SRI

	
ASTI

	
YI

	
RHI




	
1

	
2

	
3

	
4

	
5

	
6

	
7

	
8

	
9

	
10

	
11

	
12

	
13






	
Asterix

	
0.32

	
0.49

	
0.65

	
1.64

	
0.35

	
0.41

	
0.40

	
0.17

	
0.65

	
0.43

	
0.085

	
0.83

	
0.83




	
CIP-112

	
0.39

	
0.46

	
0.85

	
0.72

	
0.15

	
0.43

	
0.42

	
0.07

	
0.74

	
0.67

	
0.038

	
1.01

	
1.08




	
CIP-118

	
0.48

	
0.57

	
0.84

	
0.75

	
0.16

	
0.53

	
0.52

	
0.09

	
1.13

	
0.82

	
0.060

	
1.24

	
1.07




	
CIP-127

	
0.40

	
0.53

	
0.75

	
1.16

	
0.25

	
0.47

	
0.46

	
0.13

	
0.88

	
0.62

	
0.076

	
1.04

	
0.96




	
CIP-139

	
0.37

	
0.48

	
0.77

	
1.08

	
0.23

	
0.43

	
0.42

	
0.11

	
0.74

	
0.58

	
0.059

	
0.96

	
0.98




	
CIP-202

	
0.34

	
0.50

	
0.68

	
1.51

	
0.32

	
0.42

	
0.41

	
0.16

	
0.70

	
0.47

	
0.084

	
0.88

	
0.86




	
CIP-203

	
0.45

	
0.61

	
0.74

	
1.24

	
0.26

	
0.53

	
0.52

	
0.16

	
1.14

	
0.68

	
0.106

	
1.17

	
0.94




	
CIP-205

	
0.30

	
0.38

	
0.79

	
0.99

	
0.21

	
0.34

	
0.34

	
0.08

	
0.47

	
0.48

	
0.034

	
0.78

	
1.00




	
CIP-218

	
0.49

	
0.57

	
0.86

	
0.66

	
0.14

	
0.53

	
0.53

	
0.08

	
1.16

	
0.86

	
0.054

	
1.27

	
1.09




	
CIP-220

	
0.32

	
0.50

	
0.64

	
1.70

	
0.36

	
0.41

	
0.40

	
0.18

	
0.66

	
0.42

	
0.091

	
0.83

	
0.81




	
CIP-221

	
0.41

	
0.42

	
0.98

	
0.11

	
0.02

	
0.42

	
0.41

	
0.01

	
0.71

	
0.82

	
0.005

	
1.06

	
1.24




	
CIP-229

	
0.37

	
0.49

	
0.76

	
1.16

	
0.24

	
0.43

	
0.43

	
0.12

	
0.75

	
0.57

	
0.065

	
0.96

	
0.96




	
CIP-232

	
0.34

	
0.46

	
0.74

	
1.23

	
0.26

	
0.40

	
0.40

	
0.12

	
0.65

	
0.51

	
0.060

	
0.88

	
0.94




	
CIP-235

	
0.40

	
0.45

	
0.89

	
0.52

	
0.11

	
0.43

	
0.42

	
0.05

	
0.75

	
0.73

	
0.027

	
1.04

	
1.13




	
Granola

	
0.37

	
0.44

	
0.84

	
0.75

	
0.16

	
0.41

	
0.40

	
0.07

	
0.67

	
0.63

	
0.036

	
0.96

	
1.07




	
LB-7

	
0.43

	
0.51

	
0.84

	
0.74

	
0.16

	
0.47

	
0.47

	
0.08

	
0.91

	
0.74

	
0.048

	
1.11

	
1.07








YSI, Yield stability index; SSI, Stress susceptibility index; YRR, Yield reduction ratio; MP, Mean productivity; GMP, Geometric mean productivity; TOL, Tolerance; HTI, Stress tolerance index; SRI, Stress resistance index; ASTI, Abiotic stress tolerance index; YI, Yield index; RHI, Relative stress index.
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Table 9. Rank, rank mean (RM), standard deviation of ranks (SDR) and rank sum (RS) of stress resistance/tolerance indices.






Table 9. Rank, rank mean (RM), standard deviation of ranks (SDR) and rank sum (RS) of stress resistance/tolerance indices.





	
Genotype

	
Yield Plant−1 (kg)

	
Stress Indices

	
RM

	
SDR

	
RS

	
Rank




	
Ys

	
Yp

	
YSI

	
SSI

	
YRR

	
MP

	
GMP

	
TOL

	
HTI

	
SRI

	
ASTI

	
YI

	
RHI




	
1

	
2

	
3

	
4

	
5

	
6

	
7

	
8

	
9

	
10

	
11

	
12

	
13

	
14

	
15

	
16

	
17






	
Asterix

	
14.5

	
8.0

	
15.0

	
15.0

	
16.0

	
13.0

	
15.0

	
16.0

	
14.0

	
15.0

	
13.0

	
14.5

	
15.0

	
14.2

	
2.1

	
16.2

	
15




	
CIP-112

	
8.0

	
11.5

	
4.0

	
4.0

	
4.0

	
7.5

	
8.0

	
3.5

	
8.0

	
7.0

	
5.0

	
8.0

	
4.0

	
6.3

	
2.4

	
8.8

	
5




	
CIP-118

	
2.0

	
2.0

	
5.0

	
6.0

	
6.0

	
3.0

	
3.0

	
8.0

	
3.0

	
2.0

	
9.5

	
2.0

	
6.0

	
4.4

	
2.5

	
6.9

	
3




	
CIP-127

	
6.5

	
4.0

	
11.0

	
11.0

	
11.0

	
4.5

	
5.0

	
12.0

	
5.0

	
9.0

	
12.0

	
6.5

	
11.0

	
8.3

	
3.1

	
11.5

	
9




	
CIP-139

	
10.5

	
10.0

	
9.0

	
9.0

	
9.0

	
7.5

	
9.0

	
9.0

	
9.0

	
10.0

	
8.0

	
10.0

	
9.0

	
9.2

	
0.8

	
10.0

	
7




	
CIP-202

	
12.5

	
6.5

	
14.0

	
14.0

	
14.0

	
10.5

	
11.0

	
13.0

	
11.0

	
14.0

	
14.0

	
13.0

	
14.0

	
12.4

	
2.2

	
14.6

	
13




	
CIP-203

	
3.0

	
1.0

	
13.0

	
13.0

	
13.0

	
1.5

	
2.0

	
14.0

	
2.0

	
6.0

	
16.0

	
3.0

	
13.0

	
7.7

	
5.9

	
13.6

	
11




	
CIP-205

	
16.0

	
16.0

	
8.0

	
8.0

	
8.0

	
16.0

	
16.0

	
5.5

	
16.0

	
13.0

	
3.0

	
16.0

	
8.0

	
11.5

	
4.8

	
16.3

	
14




	
CIP-218

	
1.0

	
3.0

	
3.0

	
3.0

	
3.0

	
1.5

	
1.0

	
5.5

	
1.0

	
1.0

	
7.0

	
1.0

	
3.0

	
2.6

	
1.9

	
4.5

	
1




	
CIP-220

	
14.5

	
6.5

	
16.0

	
16.0

	
15.0

	
13.0

	
14.0

	
15.0

	
13.0

	
16.0

	
15.0

	
14.5

	
16.0

	
14.2

	
2.5

	
16.7

	
16




	
CIP-221

	
5.0

	
15.0

	
1.0

	
1.0

	
1.0

	
10.5

	
10.0

	
1.0

	
10.0

	
3.0

	
1.0

	
5.0

	
1.0

	
5.0

	
4.8

	
9.8

	
6




	
CIP-229

	
10.5

	
9.0

	
10.0

	
10.0

	
10.0

	
7.5

	
6.0

	
10.5

	
6.0

	
11.0

	
11.0

	
10.0

	
10.0

	
9.3

	
1.7

	
11.1

	
8




	
CIP-232

	
12.5

	
11.5

	
12.0

	
12.0

	
12.0

	
15.0

	
15.0

	
10.5

	
15.0

	
12.0

	
9.5

	
12.0

	
12.0

	
12.4

	
1.7

	
14.1

	
12




	
CIP-235

	
6.5

	
13.0

	
2.0

	
2.0

	
2.0

	
7.5

	
7.0

	
2.0

	
7.0

	
5.0

	
2.0

	
6.5

	
2.0

	
5.0

	
3.4

	
8.3

	
4




	
Granola

	
9.0

	
14.0

	
7.0

	
7.0

	
6.0

	
13.0

	
13.0

	
3.5

	
12.0

	
8.0

	
4.0

	
10.0

	
7.0

	
8.7

	
3.5

	
12.2

	
10




	
LB-7

	
4.0

	
5.0

	
6.0

	
5.0

	
6.0

	
4.5

	
4.0

	
7.0

	
4.0

	
4.0

	
6.0

	
4.0

	
5.0

	
5.0

	
1.0

	
6.0

	
2








YSI, Yield stability index; SSI, Stress susceptibility index; YRR, Yield reduction ratio; MP, Mean productivity; GMP, Geometric mean productivity; TOL, Tolerance; HTI, Stress tolerance index; SRI, Stress resistance index; ASTI, Abiotic stress tolerance index; YI, Yield index; RHI, Relative stress index; RM, rank mean; SDR, standard deviation of ranks; RS, rank sum.
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