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Drought Tolerance Enhanced by Phosphorus Deficiency in Potato Plants

WANG Xi-Yao', ZHU Tao? ZOU Xue', WANG Ji-Sheng*, and WANG Mi®

! College of Agronomy; 2 College of Resource and Environment; * College of Biology and Science, Sichuan Agricultural University, Ya’an 625014, China

Abstract: Many morphological and physiological adaptations responding to drought or phosphorus (P) deficiency have been re-
ported. But the researches on the relationship between P nutrition and drought tolerance are less, and the results are not consistent.
The majority findings indicate that sufficient P nutrition can promote photosynthesis and growth of roots, increase bound water
proportion and cell membrane stability and so on, thus enhance the adult plant drought tolerance. But it is found in our prelimi-
nary studies that potato grown in low-P environment showed a strong resistance to drought. This experiment aimed to verify and
explain this phenomenon in morphological and physiological level. A total of 60 lines with 30-day-old seedlings chosen from two
segregating populations of distant-hybridization progenies were cultured in 1/2 MS mineral nutrient solution with two treatments
of normal P and without P for 16 d respectively. Then, 8% PEG8000 was used to simulate drought stress for 3 h. Before and after
drought stress, the concentrations of proline (Pro), soluble sugar, malonaldehyde (MDA) and the activities of peroxidase (POD)
and superoxide dismutase (SOD) were measured, respectively. P deficient treatment increased the number of new roots, but re-
duced the leaf area and stomatal density. Before drought stress, the Pro and soluble sugar concentrations of roots and leaves, POD
activity of leaves in P deficient plants were increased and reached about 2 times higher compared to P sufficient plants. After 3 h
drought stress, plants in P deficient treatment did not wilted, and the soluble sugar concentrations of roots and leaves, Pro concen-
trations of roots, POD and SOD activities of leaves were significantly or very significantly higher, but plants in P sufficient treat-
ment showed severely wilting and the MDA and Pro concentrations of leaves evidently increased. Therefore, we can conclude that
the morphological and physiological changes adapting to P deficiency enhance the drought tolerance of potatoes.
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Fig. 1 Effect of phosphorus nutrition and drought stress on morphology of cultivars Hezuo 88 and Zhongnong VIl
A: (-PEG) 88; B: (-PEG) VIII; C: (+PEG) 88; D: (+PEG)
VIl +P -P

A and B are above ground parts of cultivars Hezuo 88 and Zhongnong V11 respectively, without drought stress (-PEG); C and D are the
plants of A and B respectively under drought stress with PEG8000 (+PEG). In each picture, left is +P and right is —P treatment. Arrows show
wilting parts. Scale bar = 3.3 cm.
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Fig. 2 Effect of phosphorus nutrition and drought stress on morphology of segregating population lines
A B C D 4 2 , 16 d ;EF G H A B C D
8% PEGB8000 3h , +P , -P
A, B, C, and D are above ground parts of four lines; | and J are roots of two lines, water-cultured for 16 d; E, F, G, and H are the plants of A, B,
C, and D respectively under drought stress for 3 h with 8% PEG8000. In each picture, left is +P treatment and right is —P treatment. Arrows

show wilting parts. Scale bar: A: 5.0 cm; B: +P 3.6 cm, —P 1.8 cm; C: 1.2 cm and 0.9 cm; D: 3.6 cm; E: 2.0 cmand 0.9 cm; F: 1.2 cm and 0.7
cm; G: 0.9 cmand 0.5 cm; H: 2.2 cm; |: 3.5 cm; J: 4.0 cm.
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Fig. 3 Stomatal morphology on lower epidermis of leaves
A ;B: 5g LT IKI A: natural state; B: stained by 5 g L™ 1,-KI. Scale bar=35 um.

1
Table 1 Effect of P nutrition on the stomatal density on lower epidermis of leaves

Days of water-culture

Line 0d 16d 0d 16 d
—P (N0./10x40) +P (N0./10x40)
B9-5 22.60+1.59 21.00+£1.33" 22.47+1.73 27.30+2.26™
B9-6 22.43+2.47 19.45+2.16™ 20.33+2.35 23.29+2.98"
B9-8 18.26+1.88 15.60+1.78" 16.93+3.39 19.90+2.60"
B9-9 24.40+2.87 21.20+1.93™ 23.30£2.79 23.43+2.85
B9-20 25.60+3.58 22.00+3.63" 25.33+2.78 27.53+4.78
B9-21 19.60+2.41 16.90+1.59" 18.73+2.46 22.71+2.84™
B9-23 23.87%2.20 23.542.73 23.87+2.92 27.18+2.68"
B9-26 29.10+1.86 24.62+1.45™ 28.49+2.56 29.90+1.66
B9-29 25.73+1.98 23.00+1.00™ 27.13£3.46 31.60+2.21™
B9-38 19.47+1.60 16.38+1.77" 18.13+2.10 21.53+1.45™
B18-3 28.47+2.77 29.29+1.98 28.47+2.44 31.60+1.35™
B18-10 25.13%2.99 23.673.46 28.73%2.37 34.80+3.11"7
B18-23 18.87+1.92 17.30+1.49" 16.13+2.59 19.33+£2.77"
B18-34 20.73+2.25 18.09+2.38" 21.67+1.99 23.92+2.23"
B18-37 18.53+2.07 11.75+1.28" 22.33+2.13 33.30+2.00™
B18-40 24.00+1.73 23.38+1.89 20.00+2.42 24.60+2.07"
B18-42 23.50+2.11 19.10+2.56™ 25.33+2.55 24.90+2.33
B18-60 15.33+1.95 12.20+1.55™ 17.93+1.58 18.00+2.07
B18-64 24.47+1.81 21.00+£1.33™ 22.13+2.42 24.90+2.28"
B18-66 32.20+2.59 29.00+3.48™ 37.13+3.39 40.90+2.64™
* ,n=15 * 7 0.05 0.01

Data in the table are mean+SD, n=15. “ and™": significantly different between treatments with same phosphorus level but for different
days at the 0.05 and 0.01 probability levels, respectively.
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Fig. 4 Effect of different phosphorus levels on soluble sugar S 100 F ks
contents of potato under drought stress P
16d ,A: ,—PEG; B: ,-PEG: C: , +PEG; 30
D: ,tPEG ** P +P 0.01 0
At 16 d of water culture, A: leaf, -PEG; B: root, —-PEG; C: leaf, A B ¢ b
+PEG; D: root, +PEG. **: significantly different between —P and +P 5 Pro

treatments at the 0.01 probability level.

123.01%(B)

Fig. 5 Effect of different phosphorus levels on Pro contents of
potato under drought stress
16d A , —PEG; B: ,-PEG; C:
D: , +PEG. ** P +P 0.01
At 16 d of water culture, A: leaves, —-PEG; B: roots, —PEG;
C: leaves, +PEG; D: roots, +PEG. **: significantly different be-

, +PEG;

28.84%, tween —P and +P treatments at the 0.01 probability level.
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Table 2 Effect of P deficiency and drought stress on activities of POD and SOD in potato leaves
-PEG +PEG
Activity of enzyme ) +P _p +P
SOD (50% A ODsy5 g~ FW) 96.54 AB 94.80 AB 122.26 A 81.74B
POD (0.01A0Dg4;omin"' g™t FW) 1407.79 A 759.14 B 1335.68 A 693.16 B
,P 0.01

Values for an enzyme followed by a different letter are significantly different between treatments, at P 0.01.
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Fig. 6 Effect of different phosphorus levels on MDA contents
of potato leaves under drought stress
16d ,A:-PEG;B: +PEG. * -P 4P 0.05

At 16 d of water culture, A: —PEG; B: +PEG. *: significantly dif-
ferent between —P and +P treatments at the 0.05 probability level.
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