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Background and objectives: Potato (Solanum tuberosum L.), is the third
most important crop in the world after rice and wheat in terms of
consumption. This crop needs optimal irrigation to achieve proper growth
and ultimately acceptable yield. Considering the climatic conditions of the
Iran, it is necessary to study the effects of deficit irrigation on potato and to
investigate the methods of increasing the drought stress resistance of this
crop.

Materials and methods: In order to investigate the tuber vyield,
physiological indices and water use efficiency of potato in the two cropping
years 2019-2020, a factorial experiment was conducted in a randomized
complete block design with three replications in the Agricultural Research
and Training Center of Natural Resources of Hamadan Province. Each year,
the experimental treatments included irrigation interval as the first factor at
four levels (irrigation after 70, 90, 110 and 130 mm cumulative evaporation
from Class A evaporation pan) and the second factor was bio-fertilizer at six
levels. Bio-phosphate (B), Glomus. mossea (GM), G. fasciculotum (GF), G.
mossea+ Bio-phosphate (BGM), G. fasciculotum + Bio-phosphate (BGF)
and Control (C) were conducted in factorial arrangement.

Results: The results showed that increasing irrigation stress reduced tuber
yield but the application of Bio-fertilizers improved the adverse effects of
drought stress. The results also showed that the drought stress of 130 mm
evaporation compared to the treatment of 70 mm evaporation (Control), led
to a decrease in tuber yield and leaf area index, by 46.79 and 46.81%,
respectively. The results related to potato yield showed that the use of three
bio-fertilizers G. mossea, G. fasciculotum and Bio-phosphate had the
greatest effect on tuber yield and leaf area index. The improvement tuber
yield under conditions of severe drought stress by using bio-fertilizer
treatments compared to the control was 38.65% for G. mossea, 37.41% for
G. fasciculatum, 32.63% for bio-phosphate, 20.11% for bio-phosphate + G.
mossea and 12.91% for bio-phosphate + G. fasciculatum. Based on the
results the application of Glomus fasciculatum and G. mossea bio-fertilizers
in the treatment of severe drought stress modified the stress effects by 36.36
and 30%, respectively, compared to the non-use of bio-fertilizer.
Application of biofertilizers in all irrigation treatments moderated the
adverse effect of drought stress on water use efficiency index. The use of
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Glomus musea, G. fasciculatum and biophosphate biofertilizers led to an
increase in water use efficiency index in severe drought stress treatment
compared to the control treatment by 38.38, 36.6 and 30.87%, respectively.

Conclusion: Therefore, the use of mycorrhizae G. fasciculatum and
G. mossea also bio-Phosphate is recommended separately for areas that
suffer from drought stress during the potato growing season.

Cite this article: Nemati, A., Aboutalebian, M.A., Chaichi, M. 2022. Evaluation of the effects of deficit
irrigation on water use efficiency and some growth indices of potato (Solanum tuberosum
L.), in the presence of biofertilizers. Crop Production Journal, 15 (2), 75-98.
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Table 1- Physical and chemical characteristics of soil experimental field.
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Table 2- Atmospheric characteristics during the growing season.
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Table 3- Analysis of variance related to three important physiological growth indices affected by the studied factors

(Crop year 2020).
S glee bl ey S e pals sz L) L A g L
S.0.v df Leaf area index Crop growth rate  Net assimilation rate
Replication i s 24,377 0.0096™
Irrigation levels (I) sl ke 3 78057 0.59™
(B) Biofertilizer :..; s 5 41.01™ 0.014™
(xB) LT sl X s 5 15 8.96" 0.002"
Error L= 46 3.96 0.003
(ho2) Sl o 2 7.42 15.77

CV (%)

Ao s K I Jlaz| ch.w 3 b3 gme 5l pme B S Sk« ks NS

ns, * and ** are non-significant, significant at P<0.05 and P<0.01, respectively.
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Table 4- Means comparison of the main effects of irrigation levels and application of biofertilizers on
physiological traits.

(Irrigation levels) L1 ~ slaw

S Sy e als
Leaf area index

Gay » B @f)dal\s s 55 8
Net assimilation rate (g.m™.day™)

(70 mm evaporation) s ;e Je Vs 5.02° 0.59°

(90 MM evaporation) s e L 4+ 4.36° 0.45

(110 mm evaporation) ,zs e e V1V 3.35°¢ 0.26°

(130 mm evaporation) s s Le \¥+ 2.67° 0.20°
i3S

(Bio-phosphate) i 5. 4.05° 0.38%

G. mossea 4.32° 0.37%°

G. fasciculotum 4.23° 0.35"

G. mossea + Biofertilizer 3.66° 0.41®

G. fasciculotum + Biofertilizer 3.62° 0.42%

(Control) asls 3.22° 0.33°

A K b gls e (bl Ot s S nie G K s il &S (gl Sl
Means that are at least one letter in common do not differ statistically significantly.
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Figure 3- Comparison of the average of the interactions of biofertilizer application in irrigation levels on crop growth
rate (GM: Glomus mossea, GF: Glomus fasciculatum, B: Biophosphate bacteria, BGM: Biophosphate and Glomus
mossea, BGF: Biophosphate and Glomus fasciculatum combination, C: Control).
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Table 5- Analysis of variance for tuber yield and water use efficiency (WUE).

S i 33T ey ode 5 Shes ol G LTS
S.0.vV df Tuber yield WUE
(Year) Ju. 1 1663171.33" 0.27"
(RepeatxY) Ju. x,1 s 4 73612.75 0.4
Irrigation levels) L.l .. 3 22792923.84” 13.13"
VXD 5l 53 xJ 3 20838.98™ 32"
(Bio-fertilizer) ;s 5 2036302.08" 12.53"
(YXB) s 355 x Jl 5 2912.10™ 1.04
(xB) s 358 x ol 7o 15 356208.65 2.33"
(YxIxB) i 35856, 7 shwr xJlu 15 2406.00" 0.37"
(Error) L= 92 92888.58 0.34
(002) Sl e - 9.18 8.55

CV (%)

Aoy Li.:}c.; Jlez! Cla..ﬂ); D3 sme g 5l gme b S S i NS

ns, * and ** are non-significant, significant at P<0.05 and P<0.01, respectively.
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Table 6- Results of comparisons of the average of the main effect of the year on tuber yield.

bales
(Treatments)

(@fajza 3 Df) sde 5 Shas
Tuber yield (g.m?)

(first year) J, JL.
(second year) ¢ 5> JL.

3210.51b
3425.45a

Ll K L g e (glel D] cdizs S zie e K s il S gl Sl
Means that are at least one letter in common do not differ statistically significantly.

oB GM -GF =BGM + BGF xC
5010 -
— v (GF) = -28.734x = 6669.8
4310 T b R?=0.0964 v (BGF) =-31.758x + 6353.2
3 g a0 T 2 R:=09731
-5 STy
i) b2 el e pgd de
o= 3510 = e
ul: o * -fgh“"‘aq..
T g 3010 'fg---.:"'t"““:«ﬁl?,l_ ghi
BE o0 | y©=-26175x+ 60633 e -
=2 R2=0.9923 ¥ (B) =-29.249x + 5609.8 =t
R?=0.9688
2010
) ¥ (GM) =-24311x + 6132.3
1510 ¥ (BGM) = -27.001x + 3860.2 R2=0.0998 k
R2=0.9904
1010
510
10
60 70 80 %0 100 110 120 130 140

(e o) s 225 5 e Dl
Evaporation from the evaporation pan (mm)

oS GF davsn a3a JS IGM) oo s 0 3 Shas 2 (3l ol s 358 e blie Sl 4 by e :S0ke aclis =0 IS5
(18l C i 5Vl o poflS 5 Slicd p oS 5 BOF Javgo s slS 5 Slid s o8 5 BOM (i o (51 B Y8

Figure 5 - Comparison of the mean of interaction effects of biofertilizer application in irrigation levels on potato tuber
yield (GM: Glomus mossea, GF: Glomus fasciculatum, B: Biophosphate bacteria, BGM: Biophosphate and Glomus
mossea, BGF: Biophosphate and Glomus fasciculatum combination, C: Control).
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Figure 6 - Comparison of the average interaction of year x irrigation levels on water use efficiency (GM: Glomus
mossea, GF: Glomus fasciculatum, B: Biophosphate bacteria, BGM: Biophosphate and Glomus mossea, BGF:
Biophosphate and Glomus fasciculatum combination, C: Control).
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