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Effects of drought stress and application amount of phosphorus fertilizer
on morphological and physiological characteristics of potato roots
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Abstract: A field experiment was conducted using the potato cultivar “ Atlantic” as experimental material to
study the effects of different phosphorus (P) fertilizer application amounts on root physiology and development of
potato seedlings under drought stress. The purpose was to determine the optimum P fertilizer application amount for
increasing potato yield and drought resistance under drought stress, and to provide theoretical support for potato
production under water deficit conditions. The experiment was carried out with two drought stress treatments and one
full irrigation. The soil water content was maintained at 9.5%, 14.0%, and 32.0%, respectively. The amount of 6
P fertilizers application quantities (P,0,) were used as: T1 (27.3 kg + hm™), T2 (54.5 kg - hm™*), T3 (81.8
kg - hm™), T4 (109.1 kg - hm™), T5 (136.3 kg - hm™*) , and no P fertilizer application as control (TO). The
results showed that: (1) Compared with full irrigation treatment group, light drought caused the potato root water

content decrease by 5.54% and O, production rate and malondialdehyde content increased by 63.33% and
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180.47% , respectively. Plant height and stolon number decreased by 11.74% and 7.66% , respectively. Potato root
weight and tuber yield decreased by 9.85% and 6.75% respectively. (2) The best P fertilizer application amount in
promoting the growth and development of potato seedlings under drought stress was 54.5 kg + hm™> among all 6
treatments of P fertilizer application amounts. In the P fertilizer application amount of 54.5 kg + hm™ under mild
drought condition, the root activity of potato increased by 36.28% ; superoxide dismutase, peroxidase, and catalase
activities increased by 29.31%, 46.27% , and 114.53% respectively and the weight of potato tuber increased by
39.75%. In terms of root morphology, total root length, root surface area, and root volume of potato increased by
104.20% , 31.65%, and 21.06% , respectively. So, it is concluded that the growth of potato seedlings was inhibited
significantly by drought stress, but proper amount of P fertilizer application could alleviate the degree of root lipid-
peroxidation and the damage on cell membrane, thus, alleviated the inhibition on root growth and enhanced the
drought resistance of the potato seedlings by increasing the anti-oxidative enzymes activities, the root vigor, and op-
timizing of root morphology.

Keywords: phosphorus fertilizer application amount; potato; drought stress; root physiology; root develop-
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Table 1  Experimental design of soil moisture and

phosphorus fertilizer application amount

Y Oy AL/ (kg - hm™?)

Soil Phosphorus fertilizer application amount
moisture/ % TQ T1 T2 T3 T4 TS
9.5(W1) 0 27.3 54.5 81.8 109.1 136.3
14.0(W2) 0 27.3 54.5 81.8 109.1 136.3
32.0(W3) 0 27.3 54.5 81.8 109.1 136.3
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Fig.3 Effects of drought stress and phosphorus fertilizer application amount on the

antioxidant enzyme activity of potato seedling root
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Table 2  Correlation analysis of indexes of potato root morphology

W1

w2 W3

CEA REmM RER

Index Root surface  Root

AR W% ARmR RER

Root  Number of Root surface Root

AR % ARmR R

Root  Number of Root surface Root

AR

Root  Number of

area diameter  volume  root tips area
SR
Total oot length 0.500 -0.300 0.356 -0.165 0.177
= gu)
R i B 0.248  0.763  0.265
Root surface area
HEAR ‘e
Root diameter 0.742 097
|
m1zk$/\ 0.774

Root volume

diameter  volume  root tips area diameter  volume  root tips
0.718  0.848* -0.333 0.452 0.470 -0.080 0.610
0.654 0.130 0.682 0.556  0.849" 0.892*
0.502 0.362 0.344 0.631
-0.541 0.601

oo, = = APHIFRLE 0.05 F10.01 KT AR R,

Note: * , * * indicate significant correlation at 0.05 and 0.01 level, respectively.
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Table 3  Effects of drought stress and phosphorus fertilizer application amount on the growth and development of potato plants

Qb3 #EE Plant height/cm ZXM Stem diameter/cm HEZE (ﬁ) Number of stolon
Treatment W1 w2 W3 W1 w2 w3 W1 w2 w3
TO 68.41+2.62bc 76.51+6.08¢c 86.69+5.3b  1.55+0.02ab 1.63+0.01b  1.58+0.12¢ 6.02+1.41b  6.51+0.74c  7.05+1.37d
Tl 83.40+4.17a 91.09+6.65b 85.20+2.55b  1.47+0.19ab 1.81+0.06ab 1.62+0.02bc  8.47+0.69ab 9.46+0.71ab 10.53+0.72ab
T2 72.29+5.09abc 104.12+1.67a 110.78+0.21a  1.65+0.07a  2.16+0.31a  1.84+0.08b  10.11x1.4la 11.03x1.43a 12.09+1.41a
T3 79.11+4.74ab 91.70+1.26b 103.56+2.76a 1.34+0.48ab 1.74+0.29ab 2.35+0.18a  8.02+1.42ab 9.51+0.70ab 9.52+0.66bc
T4 76.54+6.01abc 83.24+3.18bc 82.33+1.06b  1.08+0.03b 1.78+0.12ab 1.84+0.01b  7.53+0.7lab 8.06+1.40bc 7.51+0.70bc
T5 66.59+4.95¢  65.22+3.18d  67.73+7.21c_ 1.26+0.07ab_ 1.59+0.09b  1.51+0.01c 6.04+0.02b  6.47+0.66c _ 6.22+0.03d
®4 TEBEMBEAEXNDRELMEMEENZN
Table 4  Effects of drought stress and phosphorus fertilizer amount application on the fresh weight of
aboveground part and root weight and tuber weight
g Mo b g HE/ g Pt/ g
T Fresh weight of aboveground Root weight Tuber weight
reatment Ty w2 W3 Wi w2 w3 Wi w2 W3
TO 95.81+5.94ab  100.01+4.53bc 101.95+10.39¢  19.63+0.57bc ~ 19.03+1.13a  21.11+0.85b  302.04+18.38bc 317.22+16.97c 340.17+28.28¢
Tl 93.72+1.27ab  108.05£7.28b 111.04+226bc  22.67+325ab  26.01+£2.26a  27.05+4.17ab  359.12+12.73ab 368.15+9.92b 430.23+42.43ab
T2 101.02+4.81a  128.29+2.69a 124.65£6.43ab  2535+1.48a  25.65+4.17a  24.03+5.19b  380.14+31.11a 443.10+24.04a 496.52+12.02a
T3 100.35+4.31a  118.78+2.83a  130.44+2.55a  21.04+0.99bc  26.45+5.73a  28.75+3.46ab  342.23+31.11ab 405.86+21.21ab 476.40+35.36a
T4 93.95+6.15ab  102.45+2.62bc 115.85+6.58abc  19.22+0.85bc ~ 26.15+£8.13a  36.15£5.59a  276.20+15.56c 373.71+16.97b 443.32+24.04ab
T5 84.00+3.30b  95.51+4.11c  106.55+£11.53bc  17.93+0.71c  21.55+3.89a  25.95+2.33b  212.53+21.92d 296.11+5.66c  399.02+1.41bc
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