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Effects of Water Stress on Yield Formation, Photosynthetic Physiological
Characteristics and Root Development of Different Genotypes of Potato
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Abstract: The Bashang area of Hebei Province is a high- quality potato producing area in China. However, the
drought and excessive exploitation of groundwater resources in this area seriously limit the promotion of local potato
production. To clarify the response characteristics of different genotypes of potato to water stress, the drought stress
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phenotypes of 'Jingzhangshu 1', 'Jingzhangshu 2', 'Jingzhangshu 3', 'Jizhangshu 8' and 'Jizhangshu 12" at the budding
were evaluated against the sensitive varieties 'Shepody' under the condition of artificial water control in rainproof shed.
The average tuber weight and yield of all varieties decreased under the drought stress condition, and the drought
resistance coefficients of 'Jingzhangshu 1', 'Jingzhangshu 2' and 'Jizhangshu 12" were 0.68, 0.68 and 0.67 respectively,
so the varieties mentioned above are strong resistant to drought. The drought resistance coefficients of 'Jingzhangshu 3'
and 'Jizhangshu 8' were 0.63 and 0.60, respectively, and the two varieties are resistant to drought. The yield of
'Shepody' was seriously reduced, and the drought resistance coefficient was 0.45, suggesting that it is a drought
sensitive variety. It was found that the net photosynthetic rate, stomatal conductance and transpiration rate of
‘Jingzhangshu 1' and 'Shepody' were significantly higher than those of other varieties under drought stress for 15 days.
After 30 days of drought stress, all photosynthetic indexes of 'Shepody' decreased sharply, and photosynthesis
stagnated. Other drought resistant varieties (including 'Jingzhangshu 1') still maintained certain stomatal conductivity
and net photosynthetic rate, indicating that 'Jingzhangshu 1' showed drought resistance characteristics different from
other varieties. Further observation of root development characteristics showed that the root shoot ratio of
‘Jingzhangshu 1' and 'Jizhangshu 12' was obviously increased, and the root shoot ratio of 'Jingzhangshu 1' increased
much greater. The number of lateral roots per plant, and length of adventitious roots and lateral roots of 'Jingzhangshu 1'
and 'Jizhangshu 12" were significantly higher than those of 'Shepody', and the number of adventitious roots and lateral
roots of 'Jingzhangshu 1' was significantly higher than that of 'Jizhangshu 12'. It could be seen from the comprehensive
indicators that the drought resistance characteristics of different genotypes of potatoes are not completely the same.
Among them, the drought resistance of 'Jingzhangshu 1' benefits from its developed root system, while the drought
resistance of 'Jingzhangshu 2', 'Jingzhangshu 3', 'Jizhangshu 8' and 'Jizhangshu 12' mainly comes from their rapid
stomatal regulation ability.
Key Words: potato; drought resistance; photosynthetic index; root development; stomatal regulation
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Figure 1 Changes of yield components of potato varieties under normal irrigation and drought stress
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Table 1 Performance of yield and marketable tuber percentage of potato varieties under

normal irrigation and drought stress

ahff IR T pa ERES
Variety Normal irrigation Drought stress Drought coefficient
ek (kg/667Tm®) AL EA (%) P&k (ke/66Tm?) RS (%)
Equivalent yield Marketable tuber percentage Equivalent yield Marketable tuber percentage

J1 4000 + 267 a 85.33 £5.59 ab 2720+220 a 7829 +542b 0.68 a

12 3953 + 158 ab 86.85+7.72a 2700 + 170 a 78.77+6.72 b 0.68 a

13 3860 + 160 b 88.26 £9.95a 2433 210 ab 85.96 £5.54 a 0.63 b

G8 3540280 ¢ 82.49+787h 2113+122b 57.10+5.49 ¢ 0.60 b

G12 3953 +182ab 82.46+8.99 b 2653 +170 a 72.61 £8.83 b 0.67 a

XBD 3506+ 120 ¢ 83.27+7.62b 1584+112¢ 5244 +£6.19 ¢ 045 ¢

e [RFVAEEE YA B AR R FROR 22 5 8 3 (P<0.05), £ SR /N B3 225 (Least significant difference, LSD )75, T A,

Note: Treatment means in the same column with different letter(s) indicate significant difference (P<0.05) as tested using least significant difference

(LSD) method. The same below.
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Figure 2 Changes of photosynthetic indexes of potato varieties under normal irrigation and drought stress
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Table 2 Root shoot ratio of three potato varieties under normal irrigation and drought stress

Qb3 m A BT (g) WA T (g) ML L
Treatment Variety Aboveground dry matter weight Underground dry matter weight Root shoot ratio
TR XBD 22.6+23b 3.02+0.11D 0.13a
Normal irrigation — Ji 25.1£25a 3.46 + 047 a 0.14a
G12 229+24b 3.09 £ 0.39 ab 0.13 a
TRAb XBD 182+19b 246 +0.14 0.13¢
Drought stress J1 18.6 + 1.4 ab 321+£0.29a 0.17 a
G12 192+12a 2.93+0.18b 0.15b
24 RRIER K E(EI3b), muiks 15 B E RN
XF 3 AP T T RNA 30 d, JREECSHAY R SR 1257 23% 1 14%(&14), ERRE .
RRERO, ZHTFWHEXAE SRR LT AL T BT Pt R A SR R R F &

AT AR, CEWH ARALZBERNE BT TREERMFN (K 3a), W aikE 15 M
%, FERIAEAERKE (F 3a) MR 150 CFLE 125 AR ELE (K 3b) .

T ARG T AL B30 d 5 5tk 1457 3ok 1275 Al SO0 AN MR BRGL IR DU ook 15 35K 1245 A
YR AL BRI S .

Note: From left to right, the photos of adventitious root development of 'Jingzhangshu 1', 'Jizhangshu 12' and 'Shepody', and the close—up of lateral root
development of 'Jingzhangshu 1', 'Jizhangshu 12" and 'Shepody' after 30 days of drought treatment.

E3 FTEWMETARSRERMRELETRR

Figure 3 Root development of potato varieties under drought stress
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Figure 4 Root development indexes of potato varieties under drought stress
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