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4- Concentration effect
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1- Oxidative stress
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1- Pressure plate



1¥AD i —alo,5 ¥ ojlods Fs al> (S gl w,is Oy

Cialojl y3 o3kt 390 SK (alord 5 (Sejud GBSy A -) o
Table 1- Physical and chemical properties of the studied soil

Cu Mn  Zn _ Fe K P (1) OC  FC Sp CCE .
. pH <l ogS
mg/k E (1:1) % .
(mg/kg) (dsim) (%) Soil texture
2.2 7.01 0.52 3.98 556 8.7 0.47 7 0.5 18.5 44.4 15.25 i) 9

Sandy clay loam
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Table 2- The analysis of variance for nutrients concentration and qualitative attributes of potato for different factors

S a0 "
¥ glie - 0a& 3 ,Shos el
Source of &30 Zn Fe Mg Na K P N Vield Reducing Starch
variations df sugars
Rep;'i’; ion 2 4618”7 2696™ 333" 1626™ 0185  0.001™ 035" 41221 0.001" 116"
SB Cagb, s - o - ns wx o o o o

ol Mo 2 2.33 672 0.358 492 0.07 0.004 0.41 340617 0.016 22.97
| I Stul
Zn 2 205~ 5427 0006™ 2823  0064™ 0.000™ 003™ 5370 ™ 0.001"™ 3.92"
Sail X
Zrxmoisture 2 7.02™  124™ 0054™ 835™ 0.024™ 0001™ 013™ 8049 0.001™ 029™
P 2 058™ 2345™ 0018™ 8527  0.001™ 0.004" 0.32" 56364~ 0.006" 3.89”
Sail .. . " R
Pamoisture 2 17.78 3189° 0011™ 1542™ 004™ 0.001™  0.33 8472 0.001" 0.05™
ZnxP 2 0.80™ 170.8™ 0.028™ 452™  0.08™  0.002" 03" 655 "™ 0.001"™ 012"
Sail
xPxmoisture 8 9.94" 76.6™ 0.083™ 897"  002™ 0000™ 026" 5449 ™ 0.001"™ 0.04"™
Zn
E‘r"r; 52 351 129.9 0.09 8.23 0.04m™ 0.001 0.06 3298 0.001 0.18

N - - -

% 11.0 22.6 337 22.6 87 10.8 15.1 15.9 10.32 39
(%)
CV.

7N g D Jlein] g 3 I3 xe g 5 dmeyf b5y s g % NS
ns, * and **are non-significant, significant at p<0.05 and p=0.01, respectively
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Table 3- Means comparison of nutrients concentration and qualitative attributes of potato under soil moisture, Zn and P main

effects

Zn Fe Mg Na oid o Shes wwlis S8

ol s mokg)  mokg) mgg) myg) - K P M Yied  Starch b
Factors (dw (dw (dw (dw (g/pot) (%) Reducing
sugars (%)

Cugh 0.9FC -FC 17.4a 461b  100a  047a 228 0200 166b  469.2a 117a 0.27b

s 07FC-08FC  168a 559a  090ab  044a  229a 02lab 182  3682b 10.7b 0.30a

" ongLre 05FC -06FC  17.0a 491b  077b  03% 238 022a 157b  2449c 9.8¢ 0.32a

. 0 T 139 454 088  040b 226a 02la 16%a  3500a  10.3c 0.29%

(mokg) 10 18.4a 540a  09la  044ab 235a 02la 1642  354.7a 10.8b 0.30a

_ 20 189 _ _5l7a 0.88a 0.46a 233 02la 17la _ 376a __ 1lla 0.30a

= 0 17.1a 529a ~ 086a  042a 232a 020b 178a  31L7c 10.4c 0.28b

(mokg) 30 17.2a 471a  09la  043a 23la 02lab 170a  367.6b 10.7b 0.29ab

60 16.9a 5L0a  090a  045a 232a 022a 156b  4020a 111a 0.3la

U o)y gy Jleis] e )3 (6l pme gl Sy Y B S Sl )b sl (5 She (aS L (g b
In a column of each experimental factors, same letters had not significant differences in Duncan’s multiple range test at p<0.05
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Figure 2- Means comparison of tubers nitrogen for
combined treatments of P and Zn
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Figure 1- Means comparison of tubers nitrogen for
combined treatments of P and soil moisture
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Figure 3- Means comparison of potato tubers yield for combined treatments of P and soil moisture
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Figure 5- Means comparison of tubers Fe for combined

treatments of P and soil moisture
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Without sign, * and **are non-significant, significant at p<0.05 and p<0.01, respectively and T= Tubers, S= Stem, ET= Evapotranspiration, SC=
Stomatal conductivity and WUE= Water use efficiency
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Introduction: In natural environments, plants are subjected to biotic (insects, bacteria, fungi, and viruses)
and abictic (light, temperature, water availability, nutrients, and soil structure) stresses that can have negative
effect on growth, metabolism, and yield. Among these, drought is a major abiotic factor that limits agricultural
crop production. Potato production has fourth rank in the world after rice, wheat, and maize with the production
of 321 million tons from 19.6 million hectares. By about 3 percent of cultivation area, potato had 7.2 percent of
total agricultural production (5.57 million tons) in our country (Iran). Limited studies have been conducted on
the interactive effects of Zn and P on potato tubers quality under water deficit conditions.

Materials and Methods: This study was conducted for evaluating the effects of soil moisture, phosphorus
(P) and zinc (Zn) levels on the chemical composition and nutrients content of potato (Solanum tuberosum L. cv.
Agria) as a factorial experiment based on randomized complete blocks design with three factors under
greenhouse conditions. The study was performed with factors of Zn at three levels (0, 10 and 20 mg Zn per kg
dry soil as ZnS0,.7H,0), P at three levels (0, 30 and 60 mg P per kg dry soil as Ca(H,PO,4),.H,O (monocalcium
phosphate)) and soil moisture at three levels (0.5FC-0.6FC, 0.7FC-0.8FC and O.9FC-FC? using three replications
and 81 pots. The soil moisture levels were imposed three weeks from the flowering (64" day) until harvest (85"
day after planting). After imposing of soil moisture levels and at the harvest, the yield and yield components,
reducing sugars concentration in fresh weight by di- nitro phenol method (Mostofi and Najafi, 2005) and starch
by Antron method (Mostofi and Najafi, 2005), N, P, K, Mg, Na, Fe and Zn concentrations in dried potato tubers
were measured. Data were subjected to analysis of variance as factorial 3x3x3 with n=3 by using MSTATC
software. Duncan's multiple range tests at p<0.05 probability level was applied to compare the mean values of
measured attributes. The Excel software was used to draw Figures.

Results and Discussion: The results showed that water deficit significantly affected most of qualitative
attributes and nutrients concentration of potato Tuber N, P and reducing sugar concentrations were significantly
increased (p <0.05) with reducing soil moisture content. This increase was 10, 10 and 18 percent for severe water
deficit condition (0.5 FC - 0.6 FC) comparing with full irrigated level (0.9 FC - FC), respectively. Severe water
deficit condition reduced tuber Na, Mg, Fe and starch concentrations, 20, 30, 21 and 20 percent comparing with
full irrigated condition. The imposed soil moisture levels had no significant effect on tuber K and Zn
concentrations. Zn application significantly affected Na, Fe, Zn and starch concentration of potato tubers but had
no significant effect on N, P, K, Mg and reducing sugars concentrations. Application of 20 mg Zn per kg soil
increased significantly (p <0.05) tuber starch, Na, Fe and Zn concentrations by 15, 14, 36 and 8 percent
comparing with without Zn application, respectively. Phosphorus usage also affected significantly N, P, reducing
sugars and starch concentrations of potato tubers while had no significant effect on K, Mg, Na, Fe and Zn
concentrations. Application of 60 mg P per kg soil decreased significantly (p <0.05) tuber N concentration (14
percent) and increased starch, reducing sugars and P concentrations (8, 11 and 10 percent, respectively) of potato
tubers comparing with without P application condition. Two way interaction of P x soil moisture was significant
on tubers P, N, Fe and Zn concentration. Also, two way interaction of P x Zn was significant on tubers P and N
concentration. Three way interaction of P x Zn x soil moisture was significant on tubers N and Zn concentration
too. The results showed that the two way interactions of Zn, P and soil moisture were mainly synergistic on the
most of above mentioned attributes that significantly were affected by imposed factors.

Conclusion: The results showed that water deficit imposing had adverse effects on tubers quality and P and
perhaps Zn requirement enhanced by increasing of water deficit. In general, to achieve the optimum potato tuber
yield in similar soils, application of 10 mg Zn and 30 mg P per kg dry soil would be recommended under normal
irrigation conditions while at water deficit conditions application of 10 mg Zn and 60 mg P per kg dry soil could
be recommended.
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