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Table 1- Variance analysis of traits in treatments studied and potato cultivars

5 Skes 38 08E (339 00 dlass ‘ adlw slasy Shts ‘ssf S e‘-'w"
S gl B wg Gy WREW! Wy dol Oldpan Z"’ "’;:
SOV, o3 Tuber Tuber Tuber Plant Main stem  Water trual;:eres
D.F. yield weight per number height  number per use number on
plant per plant plant efficiency plant
IS Rep. 2 473.06 147068.43 0.011 108.33 0.259 4,73 0.00037
iy, Ol guogad
Potassium 2 842.87**  328174.97** 2.688**  643.00** 2.065** 8.43** 0.05**
thiosulphate (A)
385 Nitrogen (B) 2 81.083  39260.97**  3.250** 93.25 2.481%* 0.81 0.00003**
AxB 4 86.84* 33448.22** 0.688** 611.00** 2.398** 9.67** 0.048**
pL,! Cultivars (C) 3 963.74** 370140.43**  89.25%*  479.22%*  4.083** 0.87* 0.0003**
AxC 6 35.12 13802.11 0.438* 134.14* 4.694** 0.35 0.049**
BxC 6 52.72 18444.13* 1.083** 187.94** 1.222** 0.53 0.0004**
AxBxC 12 60.63* 19761.65** 0.521**  315.03** 4.417** 0.61* 0.0004**
Ws  Error 70 29.48 6927.07 0.186 58.067 0.259 0.295 0.00004
Ol s g o C.V. (%) 12.05 9.82 5.68 11.08 15.85 12.44 1.49
sl 1Y 90 Jloizl s 10 00 40 e 5 0 0 Sme pas (Gosind HLiS oS 4y sk g % NS

ns, * and **: Non significant and significant at the 5 and 1% probability levels, respectively

Table 1- Continued

o el g anlllas 3 90 slojless ;0 (o 8550 Dlho wil)ly 45555 =) Jgu

ok oo j - ' —
':: '\: Job (Sle (28 (Sl esbois Sibe o (il
N R . . - ek .
SIS oud (59 Hlud $9) s Sk gl s s . . $9) s
a0 Sl . . . s 15 o0l R L el .
o 2l ~ Aig 4o Agy 40 ous ¥ aigr 50 Ll ol
o1 Number of Tub K Mean of
S.0vV D.F tuber per Mean of Mean of uber crac Cracked number Mean of
o P tuber crack  tuber crack  areaon tuber tubers Ked tuber crack
plant with - lant - cracked on
length on width on per plan weight per tub depth on
common uper
tuber tuber pllant tuber
scab
IS Rep. 2 0.0001 0.002 0.00008 0.00001 0.00051 0.001 0.00003
el Ol guogad
Potassium 2 0.026** 0.067** 0.0491** 0.0054** 0.260** 0.0128** 0.0052**
thiosulphate (A)
o595 Nitrogen B) 2 0.020** 0.065** 0.0486** 0.0053** 0.257** 0.011** 0.0498**
AxB 4 0.009** 0.013** 0.011** 0.0012** 0.052** 0.003** 0.0013**
o1 Cultivars (C) 3 0.0.012** 0.032** 0.0237** 0.0026** 0.126** 0.006** 0.0023**
AxC 6 0.004** 0.003** 0.0025** 0.00029** 0.013** 0.0008** 0.0033*
BxC 6 0.003** 0.003** 0.0025** 0.00030** 0.014** 0.0009** 0.0034*
AxBxC 12 0.0014** 0.008** 0.006** 0.0006** 0.033** 0.0018** 0.0008**
s Error 70 0.0001 0.00024 0.0002 0.000004 0.0001 0.00019 0.0012
Ol a5 g o C.V. (%) 9.21 3.44 3.42 1.76 6.86 10.89 8.35

ns, * and **: Non significant and significant at the 5 and 1% probability levels, respectively.
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Table 2- Mean of traits in treatments studied and potato cultivars

ey Ol g gud (359559 T gl

Wgr yd 0uE (yig

gy 50 oud dluay

- B ) G, o 5 Sdos >
Potassium thiosulphate Nitrogen e ; -1 Tuber weight per ~ Tuber number per
(L.ha™) levels (kg.ha™) (.:,:HIV:I'S Tuber y?:zlg (tha’) plasnélg) p;agt
nosha . .
250 Takta 41.0 774 7.0
Agria 34.0 642 45
Savalan 44.0 830 8.5
Anosha 355 669 8.5
0 328 Takta 495 934 8.5
Agria 38.0 717 5.0
Savalan 49.5 934 9.5
Anosha 315 594 75
400 Takta 495 934 75
Agria 38.0 717 45
Savalan 42.0 793 9.5
Anosha 37.0 698 9.0
250 Takta 63.5 1198 8.5
Agria 475 896 55
Savalan 455 859 8.5
T 50 i3 85
akta . .
10 328 Agria 405 764 50
Savalan 52.0 981 10.0
Anosha 48.0 906 75
400 Takta 55.0 1038 8.5
Agria 50.5 953 5.0
Savalan 60.0 1132 9.5
Anosha 41.0 774 8.0
250 Takta 47.0 887 85
Agria 40.5 764 45
Savalan 46.0 868 8.0
i 5% 672 80
akta . .
20 328 Agria 400 755 55
Savalan 58.0 1094 9.5
Anosha 35.0 660 8.0
Takta 440 830 8.5
400 Agria 43.0 811 5.0
Savalan 45.0 849 9.0
LSD 5% 8.841 1355 0.7023

* Means followed with the same Tetters in each column are not significantly different at 5% probability Tevel using LSD test.

=Y Jgus aolsl

Table 2- Continued

3 shol 6Bl slass

oo by Ol guo g 0339555 T ok G, o el Sl G pae S,
Potassium Nitrogen Cufl'ti\‘/‘ars Plant rTéie ht)écm) e Water us efficiency
thiosulphate (L.ha®)  levels (kg.ha'%) 9 Ma'npsgfg};nutmber (m*kg™)
Anosha 41 4 3.55
250 Takta 71 3 4.10
Agria 65 3 3.40
Savalan 53 3 4.40
o 67 i 708
akta .
0 328 Agria 63 4 380
Savalan 69 4 4.95
Anosha 76 3 3.15
400 Takta 80 2 4.95
Agria 57 3 3.80
Savalan 76 6 4.20
Anosha 65 3 3.70
250 Takta 77 3 6.35
Agria 60 4 4.75
Savalan 82 4 4.55
o b 2 555
akta .
10 328 Agria 77 4 4.05
Savalan 79 4 5.20
Anosha 83 3 4.80
400 Takta 81 3 5.55
Agria 63 3 5.05
Savalan 63 3 6.10
Anosha 75 3 410
250 Takta 64 3 4.75
Agria 78 4 4.05
Savalan 77 3 4.60
S ; %
akta .
20 328 Agria 65 2 400
Savalan 77 3 5.80
Anosha 51 3 3.50
400 Takta 70 2 4.40
Agria 66 2 4.30
Savalan 55 2 450
LSD 5% 12.41 0.8288 0.8845

* Means followed with the same Tetters in each column are not significantly different at 5% probability Tevel using LSD test.
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Table 2- Continued
el g Tobw ol Hlul olusi Golow sly1o oud oluay s SNt (yaSilo oyl Job (il
P WL&*‘ N‘”\’rd el C‘u’.’géd N bd‘}‘ b ous 5o Aigr 50
otassium Itrogen  Cultivars racke umber of tuber Mean of number Mean of tuber crack
thiosulphate levels tubers number per plant with
(L.ha?) (kg.ha)) per plant Common scab cracked per tuber length per tuber (cm)
Anosha 0.00 0.00 0.00 0.00
250 Takta 0.00 0.00 0.00 0.00
Agria 0.00 15.00 0.00 0.00
Savalan 0.00 0.00 0.00 0.00
Anosha 0.00 0.00 0.00 0.00
0 328 Takta 0.00 0.00 0.00 0.00
Agria 3.67 20.33 2.67 9.50
Savalan 0.00 0.00 0.00 0.00
Anosha 2.00 0.00 133 8.00
400 Takta 1.67 0.00 2.67 8.17
Agria 10.33 20.00 1.67 8.83
Savalan 2.00 0.00 1.33 7.83
Anosha 0.00 0.00 0.00 0.00
250 Takta 0.00 0.00 0.00 0.00
Agria 0.00 0.00 0.00 0.00
Savalan 0.00 0.00 0.00 0.00
Anosha 0.00 0.00 0.00 0.00
10 328 Takta 0.00 0.00 0.00 0.00
Agria 0.00 0.00 0.00 0.00
Savalan 0.00 0.00 0.00 0.00
Anosha 0.00 0.00 0.00 0.00
400 Takta 0.00 0.00 0.00 0.00
Agria 1.67 0.00 1.67 8.67
Savalan 0.00 0.00 0.00 0.00
Anosha 0.00 0.00 0.00 0.00
250 Takta 0.00 0.00 0.00 0.00
Agria 0.00 0.00 0.00 0.00
Savalan 0.00 0.00 0.00 0.00
Anosha 0.00 0.00 0.00 0.00
20 328 Takta 0.00 0.00 0.00 0.00
Agria 0.00 0.00 0.00 0.00
Savalan 0.00 0.00 0.00 0.00
Anosha 0.00 0.00 0.00 0.00
400 Takta 0.00 0.00 0.00 0.00
Agria 0.00 0.00 0.00 0.00
Savalan 0.00 0.00 0.00 0.00
LSD 5% 0.07283 0.05150 0.08919 0.05150
* Means followed with the same Tetters in each column are not significantly different at 5% probability Tevel using LSD test.
=Y Jgus aalol
Table 2- Continued
by Olalw g S et "Mws}u b 25 U'JULA 59 00 5l @lilooad 039
Potassium Nii’tjrsﬁn po Meanug‘fc tuber M:; i)af ;u“ber e ol
th'gflﬂgt‘)ate levels Cultivars crack depth per  crack width per Ti?%ggc(kcg{ze)a Crwagli@r(]itt(uk;er
' (kg.ha™ tuber mmg tuber p gnt (g
Anosha 0.00 0.00 0.00 0.00
250 Takta 0.00 0.00 0.00 0.00
Agria 0.00 0.00 0.00 0.00
Savalan 0.00 0.00 0.00 0.00
Anosha 0.00 0.00 0.00 0.00
0 328 Takta 0.00 0.00 0.00 0.00
Agria 1.13 6.50 61.75 182.70
Savalan 0.00 0.00 0.00 0.00
Anosha 0.73 5.67 46.08 13457
400 Takta 1.03 5.83 47.92 123.83
Agria 0.90 6.17 54.58 152.83
Savalan 0.90 5.67 46.08 141.13
Anosha 0.00 0.00 0.00 0.00
250 Takta 0.00 0.00 0.00 0.00
Agria 0.00 0.00 0.00 0.00
Savalan 0.00 0.00 0.00 0.00
Anosha 0.00 0.00 0.00 0.00
10 2 Ao 000 000 000 000
gria . . X .
Savalan 0.00 0.00 0.00 0.00
Anosha 0.00 0.00 0.00 0.00
400 Takta 0.00 0.00 0.00 0.00
Agria 1.07 6.17 5417 159.97
Savalan 0.00 0.00 0.00 0.00
Anosha 0.00 0.00 0.00 0.00
250 Takta 0.00 0.00 0.00 0.00
Agria 0.00 0.00 0.00 0.00
Savalan 0.00 0.00 0.00 0.00
Anosha 0.00 0.00 0.00 0.00
20 N 000 000 000 000
gria . . X .
Savalan 0.00 0.00 0.00 0.00
Anosha 0.00 0.00 0.00 0.00
400 Takta 0.00 0.00 0.00 0.00
Agria 0.00 0.00 0.00 0.00
Savalan 0.00 0.00 0.00 0.00
LSD 5% 0.05150 0.01628 0.01628 0.1457

* Means followed with the same Tetters in each column are not significantly different at 5% probability Tevel using LSD test.
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Figure 1- Bi-plot of factor analysis in treatments studied and potato cultivars
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Table 3- Biplot guide to factor analysis in studied treatments and potato cultivars

Potassium Nitrogen Potassium Nitrogen Potassium Nitrogen
No. thiosulphate levels Cultivars  No. thiosulphate levels Cultivars  No. thiosulphate levels Cultivars
(L.ha?) (kg.ha®) (L.ha*) (kg.ha™) (L.ha™) (kg.ha™)
1 0 250 Anosha 13 10 250 Anosha 25 20 250 Anosha
2 0 250 Takta 14 10 250 Takta 26 20 250 Takta
3 0 250 Agria 15 10 250 Agria 27 20 250 Agria
4 0 250 Savalan 16 10 250 Savalan 28 20 250 Savalan
5 0 328 Anosha 17 10 328 Anosha 29 20 328 Anosha
6 0 328 Takta 18 10 328 Takta 30 20 328 Takta
7 0 328 Agria 19 10 328 Agria 31 20 328 Agria
8 0 328 Savalan 20 10 328 Savalan 32 20 328 Savalan
9 0 400 Anosha 21 10 400 Anosha 33 20 400 Anosha
10 0 400 Takta 22 10 400 Takta 34 20 400 Takta
11 0 400 Agria 23 10 400 Agria 35 20 400 Agria
12 0 400 Savalan 24 10 400 Savalan 36 20 400 Savalan
Traits Traits

TY = Tuber yield

TW = Tuber weight per plant

TN = Tuber number per plant

PH = Plant height

MSN = Main stem number per plant

WUE = Water use efficiency

CTN = Cracked tubers number on plant
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Figure 2- Grouping of in treatments studied and potato cultivars based on all studied traits using Ward
method
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Table 4- Grouping guide of treatments studied and potato cultivars based on all studied traits using
Ward method

Potassium Nitrogen Potassium Nitrogen Potassium Nitrogen
No. thiosulphate levels Cultivars  No. thiosulphate levels Cultivars  No. thiosulphate levels Cultivars
(L.ha?) (kg.ha™y (L.ha™) (kg.ha™ (L.ha™) (kg.ha'™y
1 0 250 Anosha 13 10 250 Anosha 25 20 250 Anosha
2 0 250 Takta 14 10 250 Takta 26 20 250 Takta
3 0 250 Agria 15 10 250 Agria 27 20 250 Agria
4 0 250 Savalan 16 10 250 Savalan 28 20 250 Savalan
5 0 328 Anosha 17 10 328 Anosha 29 20 328 Anosha
6 0 328 Takta 18 10 328 Takta 30 20 328 Takta
7 0 328 Agria 19 10 328 Agria 31 20 328 Agria
8 0 328 Savalan 20 10 328 Savalan 32 20 328 Savalan
9 0 400 Anosha 21 10 400 Anosha 33 20 400 Anosha
10 0 400 Takta 22 10 400 Takta 34 20 400 Takta
11 0 400 Agria 23 10 400 Agria 35 20 400 Agria
12 0 400 Savalan 24 10 400 Savalan 36 20 400 Savalan
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Table. 5. Factors values in evaluated traits in treatments studied and potato cultivars

Traits ol Factorl Factor2  Factor3  Factor4
Tuber yield ou 3 ,5dos 0.971 -0.085 0.145 0.067
Tuber weight per plant Wgy 3 00 (139 0.963 -0.07 0.192 0.075
Tuber number per plant Wgy 0 ou olasi 0.258 -0.193 0.047 0.945
Plant height g sl 0.262 -0.062 0.960 0.061
Main stem number per plant agr o ol Bl sluss -0.106 0.019 -0.056 0.992
Water use efficiency T G o JI,l5 0.971 -0.084 0.141 0.069
Cracked tubers number per plant Wgr 30 sk gyl gons slass -0.113 0.976 -0.059 -0.02
Eigen value o2 slade 29712 10132  1.0085  1.0047
Variance (%) iyl 42.4 145 14.4 14.4
Cumulative variance (%) o2 il )lg 424 56.9 7.3 85.7

e el g anlllas )50 slajlos ;5 oals oLl Slao o S S0k 5l 09,5 0 (1 SShe Syl -F Jgu
Table 6- Deviation of the each group mean from the total mean in treatments studied and
potato cultivars

Traits wlas Clusterl  Cluster2  Cluster3  Cluster 4
Tuber yield oué 3 ySdas -9.51 42.68 50.00 60.13

Tuber weight per plant Ay 30 0k (39 -189.95  805.271  943.43 1134.25
Tuber number per plant Wgr 5 ok Slusi -0.77 7.429 7.85 9.00
Plant height wg gl -7.625 69 71.8 75.5
Main stem number per plant Wy o ol adls olusy 0.028 3.357 3.2 2.75
Water use efficiency ST G pae S5 -0.958 4.268 5.01 6.05

Cracked tubers number per plant Wgr 0 sl glyls gonsd slusy 1.407 0.143 0.334 0.00
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Abstract

This study was conducted to investigate the effect of Potassium Thiosulfate and Nitrate
fertilizers on yield, water use efficiency and control of tuber cracking of potato cultivars.
This research was conducted Factorial based on randomized complete block design with
three replications at the National Potato Research Station located in Ardabil during 2021.
The first factor includes Potassium Thiosulfate at three levels (zero, 10 and 20 liters per
hectare with irrigation water), the second factor contains Ammonium Nitrate at three levels
(based on soil test, 30% and 60% more than soil test) and third factor included four potato
cultivars (Agria, Savalan, Anusha and Takta). The results showed that there was a
significant difference between the levels of Potassium Thiosulfate fertilizer, cultivars,
interaction effect of Potassium Thiosulfate fertilizer and Nitrogen fertilizer and tripartite
interaction of Potassium Thiosulfate fertilizer, Nitrogen fertilizer and cultivars in terms of
tuber yield, tuber number and weight per plant, plant height, main stem number per plant,
water use efficiency, mean of number, length, width, depth and surface of tuber cracking.
The highest tuber yield, tuber weight per plant and water use efficiency in the treatment of
Potassium Thiosulfate fertilizer 10 liters per hectare and Nitrogen 250 and 328 kg.ha™
Takta cultlvar Potassium Thiosulfate fertilizer 10 liters per hectare and Nitrogen fertlllzer
400 kg.ha™ in Savalan cultivar and 20 liters per hectare of Potassium Thiosulfate fertilizer
and 328 kg.ha™ of nitrogen were observed in Savalan cultivar. Based on the results of factor
analysis, in the treatment of zero liters per hectare of Potassium Thiosulfate fertilizer and
328 kg.ha™ of Nitrogen fertilizer of Takta and Savalan cultlvars in the treatment of 10 liters
per hectare of Potassium Thlosulfate fertilizer and 250 kg.ha’ Lof Nitrogen fertilizer in Takta
and Agria cultivars, 328 kg.ha'of Nitrogen fertilizer in Takta cultivar and 400 kg.ha™
Nitrogen fertilizer in Anusha, Takta and Savalan cultivars and 20 Potassium Thlosulfate
fertilizer per hectare and 250 kg.ha™ Nitrogen fertilizer in Takta cultivar and 328 kg.ha™
Nitrogen fertilizer in Savalan cultivar had the highest values in terms of tuber yield, tuber
number and weight per plant, plant height and water use efficiency. Based on the results of
cluster analysis, the fourth group includes treatments of 10 liters per hectare of Potassium
Thlosulfate fertilizer and 250 and 328 kg.ha™ of Nitrogen fertilizer in Takta cultivar and
400 kg.ha* of Nitrogen fertilizer i in Savalan cultivar and 20 liters per hectare of Potassium
Thiosulfate fertilizer in 328 kg.ha™ of Nitrogen fertilizer in cultivar was in Savalan cultivar
and in terms of tuber yield, tuber number and weight per plant, plant height, water use
efficiency had the highest amount and without the number of tubers with crack in the plant.

Key words: Cultivars, Irrigation, Potassium Thiosulfate, Solanum tuberosum L.,
Ammonium Nitrate.
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