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Comparison of root development and fluorescent physiological characteristics

of sweet potato exposure to drought stress in different growth stages

LI Chang-zhi, LI Huan, LIU Qing, SHI Yan-xi "
( Qingdao Agricultural University, Shandong, Qingdao 266109, China)

Abstract: [ Objectives] To clearity the water critical period of sweet potato will provide scientific basis to find

effective

way against drought and optimization of production and management of sweet potato. [ Methods] A pot

experiment was conducted inside an artificial drought shed. Three drought stress (8% —10% field water capacity,

stress lasted 15 days for each treatment) was designed at early, middle and late stages of sweet potato (15, 55 and

95 days since transplanted). The root development was measured using Epson v700 Scannor, and the fluorescence

physiological parameters using M-PEA ( Hansatech , Britain ) method. [ Results]The shoot and root biomass of sweet

potato were significantly reduced when exposure to drought stress at both the early and middle growth stages (P <

0.05), but not significant at late stage drought stress, and the reducing effect was in order of early stage > middle

stage > late stage. Compared with the control, the shoot and root biomass were reduced almost in half in the early
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stage stress, and decreased by 38.4% and 31. 1% at middle stage stress, and less than 10% in the late stage
stress for aboveground and underground parts. Drought stress affected root development, compared with the normal
water supply. Early drought stress decreased the length, surface area and volume of root by 49.5% , 55. 7% and
43.2% respectively, the middle stage decreased by 27. 5% , 27.0% and 28. 9% respectively, and late stage had
less effect. The influence of drought stress on the chlorophyll fluorescence parameters was different when stressed in
different periods, the significant impact was found in early stage and medium stage, not in later stage. Compared
with CK, the comprehensive chlorophyll fluorescence of PSII , Fm, Fv/Fm and PI( ABS) at early and middle stage
were decreased by 36.4% , 15.6% , 44.3% and 14.7% , 3. 8% , 22. 6% respectively, the ¢Eo value decreased
by 7.7% , 3. 4% respectively, Vj and dV/dto increased by 33.1% , 32. 1% and 19.2% , 17. 1% respectively.
[ Conclusions ] The changes of fluorescence parameters reflected the PSII structure damage and reaction center hurt
caused by drought stress, which indicated the resulted blockage of light energy conversion efficiency and electron
transfer. The adverse impact is mainly happened when sweet potato is suffered from drought stress in the early and

middle growth stages. Therefore, proper irrigation should be considered in case of drought climate in seedling stage

of sweet potato.

Key words: sweet potato; drought stress; root growth; chlorophyll fluorescence
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2.1 AERBTFEHENHZEENENZIN
1N =AY B RS IR A AR Y Y 22

o FEFR 1 ATAL AT AT B 30 SR ppaE Y AR T H S
i A A AE Y R, S IR R ALK AR L, BT AT
B0 SEC L b AR 584 B REAR 47. 2% |
35.4% F138.4% . 31. 1% , HE R B FH (P <0.05)
T 1A T 5 200 205 i v O A e 2 A T R B, b b
AL 3R 10% 245 (R 1)

®1 FENETEMEEEM i TEFE(g/plant, DW)

Table 1 Shoot and root biomass of sweet potato exposure to drought stress in different days since transplanted

HAor A Early stage ] Middle stage JE 1 Later stage

Part E# CK F- 5 Drought E# CK T 5L Drought 1FH CK T Drought
H#i_E 3 Shoot 12.7 a 6.7b 301.9 a 186.0 b 233.5a 212.4 a
H1 R Root 8.2 a 5.3 b 130.1 a 89.6 b 295.7 a 265.0 a

7£(Note) ; Early, middle and late stage mean drought stress at the 15 =30, 55 =70 and 95 —110 days since transplanted ; AS[a] /NG F 4} e 7n ab B

[A] 22 5 .2 (P <0. 05) Different small letters mean significant difference among treatments (P <0.05).
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Fig.1 The effect of drought stress on
yield of sweet potato at harvest
[ ¥ (Note) ; Early, midle and late stage mean drought stress at the 15 -
30, 55-70 and 95 —110 days since transplanted; #_I R [5)/NG )%
NAL R 22 55 2% (P <0. 05) Different small letters above the bars are

significant difference among treatments at 0. 05 level ]
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Table 2 Significance effect of drought stress and time on root growth based on Two-way ANOVA analyses

30 FK Root length (cm) LR (en’) B (em)

Treatment BARK Length  d<1.5 mm d>1.5 mm Surface area Root volume
A Early stage CK 1745.4 a 1391.6 a 353.1a 517.6 a 13.9 a
T 5 Drought 882.3 b 689.9 b 192.1b 229.3 b 7.9b
F1 i Middle stage CK 3504.8 a 2845.5 a 657.8 a 1026.1 a 20.4 a
+ 5 Drought 3220.1b 2639.5 a 579.2 a 755.4 a 14.5 b
J5 1] Later stage CK 3529.7 a 3114.9 a 413.6 a 1083.7 a 17.3 a
+ 5 Drought 2957.6 b 2532.3 b 423.8 a 700.4 a 14.7 a

T 538 Drought (D)
A[EIIHY Stage (S)
D xS

[K 243 #T Factor analysis

K ok ok

Kok ok

7 (Note) : AE/ING FREF R AP R] 22 57 8.2 (P <0. 05) Different small letters mean significant difference among treatments at 0. 05 level.
% —P<0.05; * +—P<0.01; % % *—P <0.001.
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Fig.2 The effect of drought stress on chlorophyll fluorescence transient and Fv/Fm, PI,

[##(Note) ; Early, midle and late stage indicafe drought stress at 15 -30, 5570 and 95 =110 days since transplanted. ]
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Fig.3 Variation of chlorophyll fluorescence parameters of
¢Eo, V], dV/dto under drought stress
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15-30, 55-70, 95-110 days sice transplanted. ]
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Table 3 Effect of chlorophyll fluorescence parameters of RC/Cso, ABS/Cso, TRo/Cso,
TRo/RC by drought stress in different periods

WriB B Stress period RC/Cso ABS/Cso TRo/Cso TRo/RC
A Early 50.24 +1.36 ¢ 92.58 +9.26 a 88.46 +7.3 b 176.55 +11.78 a
1] Middle 85.34+6.32 b 93.57 +3.63 a 93.32+2.2 a 107.27 £9.69 b
i Later 96.21 £3.76 a 96.34 +7.26 a 95.68 +6.4 a 100.51 +6.58 b

7E(Note) : AE)/NG FREFRAC PR R] 22 57 8.2 (P <0.05) Different small letters mean significant difference among treatments (P <0.05).

F4 RESHEHERXASHEXES
Table 4 Correlation analysis between root growth and chlorophyll fluorescence
H Rk Root Koot Fv/Fm PI( ABS) Eo v,
Ttem Root length d<s1.5mm d>1.5mm
Root (d<1.5 mm) 1.00" "
Root (d >1.5 mm) 0.84" 0.79"
Fv/Fm 0.83" 0.82" 0.71
PI(ABS) 0.98"" 0.97"" 0.85° 0.77°
oEo 0.93"" 0.95"" 0.63 0.79" 0.92""
V; -0.78" -0.81° -0.44 -0.89"" -0.73 -0.88""
dV/dto -0.95"" -0.96"" -0.68 -0.89"" -0.92"" -0.98"" 0.93""

H(Note) : *—P<0.05; * * —P<0.01; % % %*—P<0.001.
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