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Table 1- Soil physical and chemical properties of experimental field
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Nitrogen Potassium Phosphor ~ Organic matter - H Electrical conductivity Clay Silt Sand
(%) (mg.kg™) (mg.kg™) (%) P (ds.m™) (%) (%) (%)
0.06 410 26 0.55 7.7 3.5 444 412 144
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Table 2- Analysis of variance (mean square) of irrigation levels and cultivars effects on yield, and water use efficiency of

Ol po (ibo
i aski anyd Mean squares
- 03 . . . 1 PR . g o
7 & o aySles HBa,Slas LB aSlee of 59000 o Jooss s U
Source of L1 O . ; - .
variation d.f 5 a¥98 ov9s® 3 S mhaw O
Total Marketable Non-marketable Water use Leafarea  Stress tolerance
yield yield yield efficiency index index
Sok 2 0.500 ™ 0.090™ 0.182™ 0.058 ™ 0.004 ™ 0.105™
Block
Ll x x ox . N x
Rk 1 14.930 31.081 7.890 0.780 0.123 3.980
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alks 2 1.940 2411 0.341 0.072 0.080 0.170
Error a
~ 7 3.240" 37.081" 5942 1.081" 0.230" 2.802°
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**_ *and ns significant difference over control at p< 0.01 and p< 0.05 and not significantly respectively
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Table 3- Mean comparison of total yield, marketable yield and non-marketable yield in irrigation and cultivar interaction

Loy P, JS 5 ,8des 0998 JB pf 3 Slos o998 1B 5 Slos
Treatments Cultivars Total yield (t.ha®)  Non-marketable yield (t.ha') Marketable yield (t.ha™)
L 32.78b 7.90a 24.65b
Agria
byisle 30.45 b 435 26.40 b
Marfona
Loy 39.45a 511b 34.20a
Atousa
) Loy 37.34a 5.76 b 32.78 ab
o8 ol Anousha
Full irrigation (LSt 4 00s palio) L ST 39.76 a 4.00b 3550 a
Agria (Drought resistant)
(55 4 023 polia) g Lo 31.30 b 4.10b 27.10b
Marfona (Drought resistant)
(552 & 013 polia) Loy 35.94 ab 4.70b 31.20 ab
Atousa (Drought resistant)
(5 & 03 pslic) L] 36.00 ab 415D 32.00 ab
Anousha (Drought resistant)
L 2111b 3.90a 17.10b
Agria
bsble 22.48 b 3452 19.20 b
Marfona
Loy 22.75b 211a 20.60 b
Atousa
Ly 21.46b 2.36 2 20.00 b
LSS Anousha
Drought stress ((Sid 4 o pglia) L ST 20.76 b 3.00a 18.10 b
Agria (Drought resistant)
(55 4 023 polia) g Lo 21.90 b 321a 18.70 b
Marfona (Drought resistant)
(555 & 03 polia) Lug 30.64a 1.85b 2853a
Atousa (Drought resistant)
(5 & 03 pylie) L] 31124 1.93b 29.31a

Anousha (Drought resistant)
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For each irrigation level, the means with the same letters in columns are not significantly different according to Duncan multiple
range test (five percent probability)
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Figure 1- Trend of leaf surface changes of experimental potato cultivars during the growing season under full irrigation
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Figure 2- Yield loss percentage of experimental cultivars under drought stress condition compared to full irrigation
condition. Common letters in columns indicate no significant difference (Duncan 5%)
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Figure 3- Comparison of water use efficiency in experimental cultivars under drought stress and full irrigation. For each

cultivar, common letters indicate no significant difference (Duncan 5%). | and D indicates normal irrigation and water stress
condition, respectively.
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Figure 4- Comparison of stress tolerance index in experimental cultivars. Common letters in columns indicate no significant
difference (Duncan 5%)

ALy Cowl Sglate  uejum il pB)l > Siis 15 oo S S Ao

) o3l sl olglis (el 3 ciliee o5 )3 a5 aladls , , .
’ TR SR A o Lesass 45 el ol Sy Limgiy ol 8 oelcumsty bt



Voo 5la o) oplosds 0% s oyl pl o6 ly5 sleiiday 4y FA

lil an p SolS VIF 9 VIV GO ()90 00 292 (S 4 0 pglie
polie sLidgl g Lugl o3| 1> ity (B o syt yo
Ll leds opl o gsals  Sas i bylps o (Siid 4 o
o P8 iSly oy duy o Sl 4 GRgg (nl @l 4 g5
PLEI S (B o oo " A el Sl edlisal 5 (S 13

235 518 ol oy 590 3,8 dgut0 S

Sl Sl

ot e Y 5ol a5 (6)en e 2 ke 5 I 2
aled (63l (i 03gn B 3 iagh

Cwl @il Jpawwuui .A.Jy <\l>)o ).)dsui‘.m::.)&;
Al S 5b Laoae ol 5l Jols (com cuisS k) 5 Wilgs 0
JS o Sas hopd Vo il 4 i 9 390 Cujo syl suebo,
& 005 polie) Wlandly )8 S 5 (o yme o B &S glaosd
&2 Pl ol 0 Sl (gl e (S i bl o ((Suis
oo bl ol o Ligl g Lugsl o8, 93 55 a5 Jboyd el
5 el S ealatwl b odalie (Joyd AD) 5 Shes jialS 5o

P 53 3, Slas (1alS (Sl LY 51 (S 3290 ol e

References

1.

Alhoshan, M., Zahedi, M., Ramin, A. A., and Sabzalian, M. R. 2019. Effect of soil drought on polymorphisms in
Arabidopsis thaliana using whole genome tiling arrays. PLoS Genet, 4(3), p.e1000032 biomass production,
physiological attributes and antioxidant enzymes activities of potato cultivars. Russian Journal of Plant Physiology
66: 265-277.

2. FAO (Food and Agriculture Organization). 2018. FAOSTAT, Retrieved January 12, 2017, Awvailable at:
http://faostat.fao.org/site/291/default.aspx.

3. Fandika, I. R., Kemp, P. D., Millner, J. P., Horne, D., and Roskruge, N. 2016. Irrigation and nitrogen effects on
tuber yield and water use efficiency of heritage and modern potato cultivars. Agricultural Water Management 170:
148-157.

4. Fernandez, G. C. J. 1992. Effective selection criteria for assessing plant stress tolerance. In: Adaptation of food
crops to temperature and water stress tolerance, Kuo, C.G. (Ed.). Asian Vegetable Research and Development
Center, Taiwan, pp: 257-270.

5. Hijmans, R. J. 2003. The effect of climate change on global potato production. American Journal of Potato
Research 80: 271-279.

6. Hossain, M., Zakaria, M., Mian, M. K., Karim, M. A. and Hossain, M. 2017. Stress tolerance attributes and yield
based selection of potato genotypes for water stress environment. Songklanakarin Journal of Science and
Technology 39: 185-194

7. Jalali, A. H. and Salehi, F. 2013. Sugar beet yield as affected by seed priming and weed control. Archives of
Agronomy and Soil Science 59: 281-288.

8. Jalali, A. H., Salemi, H., Nikouei, A., Gavangy, S., Rezaei, M., Khodagholi, M., and Toomanian, N. 2017.
Determination of water requirement for potato in different climates of Isfahan province. Applied Research in Field
Crops 30: 53-73. (in Persian).

9. Munné-Bosch, S., and Alegre, L. 2013. Cross-stress tolerance and stress" memory" in plants. Environmental and
Experimental Botany 94: 1-88.

10. Pradel, W., Gatto, M., Hareau, G., Pandey, S. K., and Bhardway, V. 2019. Adoption of potato varieties and their
role for climate change adaptation in India. Climate Risk Management 23: 114-123.

11. Ramirez, D. A., Rolando, J. L., Yactayo, W., Monneveux, P., Mares, V., and Quiroz, R. 2015. Improving potato
drought tolerance through the induction of long-term water stress memory. Plant Science 238: 26-32.

12. Reddy, J. M., Jumaboev, K., Bobojonov, I., Carli, C., and Eshmuratov, D. 2016. Yield and water use efficiency of
potato varieties under different soil-moisture stress conditions in the Fergana Valley of Central Asia. Agroecology
and Sustainable Food Systems 40: 407-431.

13. Reyes-Cabrera, J., Zotarelli, L., Dukes, M. D., Rowland, D. L., and Sargent, S. A. 2016. Soil moisture distribution
under drip irrigation and seepage for potato production. Agricultural Water Management 169: 183-192.

14. Rodriguez, A. M., Tejon, A. M., and del Sol, D. R. 2016. Agronomical indicators for determination of potato
(Solanum tuberosum L.) tolerance to drought. Agrisost 22: 1-7.

15. Rudack, K., Seddig, S., Sprenger, H., Kohl, K., Uptmoor, R., and Ordon, F. 2017. Drought stress-induced changes
in starch yield and physiological traits in potato. Journal of Agronomy and Crop Science 203: 494-505.

16. Seed and Plant Improvement Institute, 2020. Indicative achievements. VVegetables, summer and pulses crops

research department. Available at: http://spii.ir/fa-IR/DouranPortal/1/page/.


http://faostat.fao.org/site/291/default.aspx

#4

S0 i §O ;.ma > fooxi Sgutes (510 "U‘Z.JJ absl>" 31 eolasiwl Q9 Wee 9 L:‘N’

17.

18.

19.

20.

Silva-Diaz, C., Ramirez, D. A., Rodriguez-Delfin, A., de Mendiburu, F., Rinza, J., Ninanya, J., Loayza, H., and
Quiroz, R. 2020. Unraveling Ecophysiological Mechanisms in Potatoes under Different Irrigation Methods: A
Preliminary Field Evaluation Agronomy 10: 827.

Stark, J. C., Love, S. L., King, B. A., Marshall, J. M., Bohl, W. H., and Salaiz, T. 2013. Potato cultivar response to
seasonal drought patterns. American Journal of Potato Research 90: 207-216.

Tanner, C. B., and Sinclair, T. R. 1983. Efficient water use in crop production: Research or re-research? P.1-27.In
H.M. Taylor et al. (ed.) Limitations to efficient water use in crop production. American Statistical Association,
Madison, WI.

Zhang, X., Shiu, S., Cal, A., and Borevitz, J. O. 2008. Global analysis of genetic, epigenetic and transcriptional.



Iranian Journal of Field Crops Research lnl el Gleid gy 4 yid
Vol. 19, No. 1, Spring. 2021, p. 61-71 b FI-YY o AFee 5l o) o5l 4 ol

The Use of ""Stress Memory"* to Improve Drought Stress Tolerance in Potato

A. H. Jalali**, A. Mousapour Goriji?

Received: 22-09-2020
Accepted: 24-02-2021

Introduction

Potato (Solanum tuberosum L.) as a drought sensitive crop is one of the main sources of human nutrition in
different countries and it is cultivated almost all over the world. It is predicted that among the 25 studied
countries, the decline in potato yield in Iran between 2040 and 2069 will be 13.3% for drought-adapted cultivars
and 48.3% for non-drought-adapted cultivars. Annually 164.4 thousand hectares of agricultural lands in Iran are
allocated to potato cultivation with a yield of 32.4 t ha™.

Nowadays, plant biology is experiencing great advances in studies related to the complex behavior of higher
plants, and stress memory is one of these progresses. Stress memory involves the accumulation of signaling
proteins or transcription factors and epigenetic mechanisms in plants that leads to an improvement in the stress
response when plants are exposed to a subsequent stress event. “Stress memory” in plants is also an essential
feature of “intelligent” behavior and can be investigated at different levels.

Materials and Methods

In order to investigate the effect of drought stress on yield and yield components of four potato cultivars, a
study was conducted in 2020 in Rozveh Agricultural Research Station, Chadegan city. Half of the required seed
tubers were obtained from the previous year's experiment. The treatments were laid out in a split plot
arrangement in a randomized complete block design with three replications. Main plots included two irrigation
treatments (100% and 75% of the field capacity) and sub-plots included four potato cultivars (Agria, Marfona,
Atousa, and Anousha). Each plot consisted of four rows with four m length and 75 cm x 25 cm of plant density.
At harvest time, two meters of the middle rows of each plot were used to estimate yield and yield components.
Stress tolerance index and water use efficiency were investigated in this study. SAS software (version 9.1) was
used to analyze the data and Duncan's multi-domain comparison method (5%) was used to compare the means.

Results and Discussion

The effect of irrigation treatment on total yield, marketable and non-marketable yield, and on water use
efficiency was statistically significant at the level of 1% and 5%, respectively. The effects of interaction between
irrigation treatment and cultivar on total yield was significant at 5% probability level, and on non-marketable
yield, marketable yield, and water use efficiency were significant at 1% probability level. The total yield in 8
experimental treatments under full irrigation conditions ranged from 30 to 39 t ha™. In full irrigation conditions,
Agria was the only cultivar that produced a significantly higher yield than other cultivars. Among the
non-resistant cultivars, Atousa and Anousha cultivars experienced a greater yield decline of 40% and 39%,
respectively, than Agria and Marfona cultivars. In drought stress conditions, two resistant cultivars, Atousa and
Anousha, had the highest yield compared to other cultivars and the lowest yield compared to adequate water
supply conditions (only 8.5% vyield loss). Drought-resistant Atousa and Anousha cultivars with water use
efficiency of 7.1 and 7.6 kg m?, respectively, compared to the non-stress condition (6.1 and 6.2 kg m?,
respectively) had significant superiority.

Conclusions

The results indicated that not only drought tolerance is different in different potato cultivars but also stress
memory is different in different cultivars. The use of tubers that have been exposed to drought stress (drought
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tolerant) during previous growth stages can affect plant behavior in the current growth. According to the results,
it seems that in some cultivars, "stress memory" can be used to moderate the effects of stress in subsequent
cultures.
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