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ABSTRACT

Today, due to limited of water resources, more attention is paid to the use of water storage methods. Thus, a factorial
experiment was conducted in a completely randomized design with five replications in a controlled greenhouse in
Ferdowsi University of Mashhad in 20017. The studied factors included three irrigation treatments (Full irrigation,
deficit irrigation, partial root zone drying) and two levels of phosphate fertilizer (required amount based on soil
analysis (25ppm) and adding 25% more than recommended (31ppm)). In partial root treatments, a part of the pots
was under drought stress two weeks after planting, and the second part of the zone drying pots was irrigated until the
beginning of flowering and 50% of flowering was applied to dry conditions. Results showed that drought stress in
both flowering and 21 days after flowering caused a decrease in the physiological traits including chlorophyll content
index, photosynthesis rate, stomatal conductance and transpiration rate. As the duration of drought increased, the
density of stomata in the lower leaf area increased. In spite of decreasing photosynthesis and dry matter content in
drought stressed plants, biomass content in partial root zone drying was higher than deficit irrigated treatment.
Increased phosphorus had no significant effect on stomatal density, but at 21 days after flowering the substomatal
CO,, photosynthesis rate, transpiration rate, reduced stomatal conductance, and biomass directly were related to
increasing phosphorus.
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Table 1. Physico-chemical characteristics of the soil used in the test

pH EC Bulk Density Clay Sand Silt N P K
(ds.m™) (g.cm’) (%) (%) (%) (%) (ppm) (ppm)
7.9 1.15 14 12 59 29 0.026 15 80
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Table 2. Effect of deficit irrigation and partial root zone drying on, adaxial stomatal side and abaxial stomatal side,
evapotranspiration and stomatal conductance of potato at different growth stages

Adaxial stomatal side Abaxial stomatal side

Evapotranspiration ~ Stomatal conductance

Stages Irrigation (No.cm?) (No.cm (mmol.m?s™) (mol.m?s?)
Control 845* 3831° 1.070° 285
Flowering Deficit irrigation 1 932* 3247 0.484° 16.4°
Partial root drying; 864° 3882° 0.658" 21.0°
Control 937 4434° 1.840° 75.0°
21 days after Deficit irrigation y 834® 4080°° 0.444° 127.0®
flowering Deficit irrigation , 732" 3808° 0.430° 119.0°
Partial root drying; 646° 4191® 0.370° 132.0°
Partial root drying » 751" 3944 0.374 106.0°
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In each column means followed by the same letters are not significantly different (p<0.05), at 5% probability level based on LSD. Treatments that were
applied from the beginning of the growth period with the number 1 and the treatments that were applied twenty-one days after flowering were indicated

by the number 2.
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Table 3. Effect of phosphate fertilizer on stomatal density in adaxial side and abaxial side, evapotranspiration and
stomatal conductance of potato leaves at different growth stages

Stomatal adaxial side

Stomatal abaxial side

Evapotranspiration Stomatal conductance

Stages (No.cm?) (No.cm?) (mmol.m?s?) (mol.m?s?)
Triple superphosphate (ppm)
25 31 25 31 25 31 25 31
Flowering 914% 846° 3566% 37412 0.735° 0.650° 22.8° 21.2°
21 days after flowering 834° 725° 40422 4140% 0.668° 0.807% 127.0° 97.0°
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In each column means followed by the same letters are not significantly different (p<0.05), at 5% probability level based on LSD.



e OO S Sk g Lg)L..JWS Lyl jo badisg, frwly g 3wsid b))l o)) Ken o (goul \AMs

5 G5 5 53 oS ol 5 Vbl 5 5 0515 gy i Sl o lind 555 5 il slales S1F Jpur

ey S S, Calowe
Table 4. Effect of irrigation and phosphate fertilizer treatments at different growth stages on stomatal density in
adaxial side and abaxial side of leaf, evapotranspiration and stomatal conductance in potato

Stomatal adaxial side Stomatal abaxial side  Evapotranspiration Stomatal conductance
(No.cm™®) (No.cm™®) (mmol.m?s?) (mol.m?s?)

Stages Irrigation Triple superphosphate (ppm)
25 31 25 31 25 31 25 31

Control 820° 870° 3704® 3957° 0.764° 1.379° 31.2% 25.8°

Flowering  Deficit irrigation; 1064 799° 33680° 3128° 0593®  0.374° 14.7° 18.2°

Partial root drying 860° 867° 3627%° 41372 0.648° 0.668" 22.4° 19.6"

Control 941™ 933® 4284%° 4583° 2.060° 1.620° 82.0°° 68.5°
21 days after  Deficitiigation, 1053° 615° 4436  3724° 0472 0416  1506°  1050%
flowerin Deficit irrigation , 756™ 708™ 3694 3922°¢ 0.260"  0.606° 138.4° 101.0°¢
9 Partial root drying 676° 616° 4041 4341® 0.306""  0.434°* 126.6* 139.0°

Partial root drying, 747" 755™ 3755" 4132*° 0.577° 0.172' 140.3° 73.2*
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In each column means followed by the same letters are not significantly different (p<0.05), at 5% probability level based on LSD. Treatments that were

applied from the beginning of the growth period with the number 1 and the treatments that were applied twenty-one days after flowering were indicated
by the number 2.
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Table 5. Effects of different levels of phosphate fertilizer on carbon dioxide in substomatal cavity, photosynthesis and
shoot dry weight in potato at two growth stages

CO; substomatal Net photosynthesis Shoot dry weight
(ppm) (umol.m?.s%) (g.plant™)
Stages Triple superphosphate (ppm)
25 31 25 31 25 31
Flowering 3747 373° 8.52% 8.35% 10.8° 12.6°
21 days after flowering 352° 388° 9.86° 14.60° 10.8° 12.6°

5 K080 L syl s Dgls s )0 0 Jlois | e )8 oS i B> SO Bl glls sla Sl g o p0
In each column means followed by the same letters are not significantly different (p<0.05), at 5% probability level based on LSD.

5 gt Oliee @ijg; gy SO )8 a1 g0 Sl aty; dilaie g7 (35S 5 SlaleS U F Jgoe
Ay @iz e )0 S jom 0095 )
Table 6. The effect of deficit irrigation and partial root zone drying on the carbon dioxide in substomatal cavity, the
amount of photosynthesis and potato shoot dry matter in different stages of growth

Substomatal CO, Net photosynthesis Shoot dry weight

Stage Irrigation (opm) (umol.m2.s) (g.plant?)

Control 375® 12.8° 14.2°

Flowering Deficit irrigation; 366" 5.71° 9.9°
Partial root drying ; 380° 6.75° 9.7°

Control 506* 20.8% 14.6°

Deficit irrigation ; 309° 18.2° 9.9°

21 days after flowering Deficit irrigation 362° 10.1° 10.6°
Partial root drying ; 309° 7.94% 9.73°

Partial root drying , 369° 4.22° 13.7°
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In each column means followed by the same letters are not significantly different (p<0.05), at 5% probability level based on LSD. Treatments that were
applied from the beginning of the growth period with the number 1 and the treatments that were applied twenty-one days after flowering were indicated
by the number 2.
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Table 7. Effects of different levels of irrigation and phosphate fertilizer on carbon dioxide substomatal,
photosynthesis and potato shoot dry matter in different stages of growth

Substomatal CO, Net photosynthesis Shoot dry weight
- (ppm) (umol.m?.s%) (g-plant™)
Stages Irrigation Triple superphosphate (ppm)

25 31 25 31 25 31
Control 362"  38%° 11.3° 14.4 11.7° 16.7°

Flowering Deficit irrigation ; 383° 350° 6.47% 4.95¢ 10.2° 9.6°
Partial root drying 1 377? 382° 7.82° 5.69° 9.7° 10.2°
Control 509% 503? 21.4° 20.1® 12.3° 17.1%
21 days after Deficit irrigation ; 306° 310° 10.8° 25.6% 10.2% 9.59°
flowering Deficit irrigation , 329° 395° 6.66% 13.5™ 9.66° 11.6%
Partial root drying ; 211¢ 406° 8.47% 7.41% 9.68° 9.79°
Partial root drying » 410° 328° 1.95° 6.48% 12.4° 15.0°
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In each column means followed by the same letters are not significantly different (p<0.05), at 5% probability level based on LSD. Treatments that were
applied from the beginning of the growth period with the number 1 and the treatments that were applied twenty-one days after flowering were indicated

by the number 2.
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