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Effects of drought stress on endogenous hormone content in
transplanted tissue culture potato seedlings

Suyala Qigige', Fan Ming-shou®, Jia Sha-sha®, Kong Shuo’, Jia Li-guo’
(1. College of Grassland, Resource, and Environment, Inner Mongolia Agricultural University, Hohhot 010019, China;
2. College of Agronomy, Inner Mongolia Agricultural University, Hohhot 010018, China)

Abstract ; In order to understand the mechanism of potato responses to drought stress, we used cultivars Shep-
ody and Genyou No. 2 as experimental materials to investigate tuber formation and its endogenous hormone contents
under drought stress in this study. The results showed that 50% mediumrelative water content exhibited negative
effects on potato plant growth and tuberization, its tubers number and weight of per plant, the rate of potato—bearing
plants and dry matter of whole plant were significantly lower than 65% mediumrelative water content, but with high-
erdistribution of dry matter in underground parts, increased by 31.75~36.42% ( after transplanted 55 d) than 65%.
In the process of tuberization, the GA content and GA/IAA, ZR/IAA, GA/ (IAA+ZR) ratio in stolon under 50%
treatment were significantly lower than that under 65% treatment, lowered by 7.45%, 26.67%, 26.67% and
23.08% respectively; but the IAA contentsin stem and stolon were higher in 50% mediumrelative water content, in-
creased by 1.67% and 22.25% respectively. The IAA content in all organs decreased firstly and then increased, but
the ratios of GA/IAA, ZR/IAA, and GA/ (IAA+ZR) increased first and then decreased during tuberization. It is
revealed that drought stress may induce new hormone balance in transplanted potato seedlings during tuber
formation process, which might be an important mechanism of endogenous hormones as a signal in potato’ s
response to drought stress.

Keywords: drought stress; potato; transplanted tissue culture seedling; endogenous hormones content
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1.1 iRIEHEER

2016 4F 7-9 HAEN S R R Hv A mY
RN AT AR R I, ARSI O i A, SR}
FRFUA 3 L, e A 1.5 kg, HER S D H B
AL 2 5 LR R R 25 d HARKRGUAHIE
2 B P A T RS K

HIFHBARRTENT A 1 B, BEREEL 6 cm
CRAARTRSE 24 ) | USRS —BeK 2 (BB AE 7
d ), DRI E AR IR 300 mL; 7E RS Ak ALK B
Kili 2 AR e iR AT A 6] T AR AL 2 AR 4
AT RIS K EAE 3~4 d BRHE 1 W, e AR 2
PO TR 1 YOKZEEFIT (£ 1),

WA B B KR K 1929% , 7K 0 Ak BE DL e K
FEFTRF K 81 50% (73 [Fl . 48% ~ 52%) J 65%
(PRSI 63% ~ 67%) 2 1 5 1ok 38 i 55 53V Bk Ab
PR, FEb 2 d B BT, 38 Ak AL i g S PR K
i, Y AR K Ik B0 B E IR B T BRI ST
WK BRI IR K, TR EEK E S
UCH GEVE | R 5 o 3 7K i DR AR A B0 E I Rk I
I,

I, £ ALY SRS AW 10
mmol + L', AR 10 REL (R 10 #%) , B4 3
Pk, BEALHES] . LA NH,NO,(43Hr4l) 75 N 5, HAlb
EFRICE T B DA R HLE SR e 5 A,
2.0 mmol + L' K,S0,.0.65 mmol + L™" MgSO, .0.25
mmol - L™ KH,PO, .0.5mmol - L' CaCl,, f{#ILE
FEE0.1 mmol - L' FeSO,-EDTA (1.0 pwmol + L™
Mn** .10 mwmol - L™ B* 1.0 pmol + L™ Zn** 0.1
pmol « L' Cu® . & Ab 3 (] B 5 it 5 72 4 i 45 58
2AHMA
1.2 MEMBESAE

TR E KRR TR E R . 454 8 H
4H 8H 14 HMS A 24 H(HIBHIG 35,45 d Al
55 d) HHURE 3 W, BURER P MERRFRI 0.5 ¢ 2
ERIORC N At o S N i I B
TR P, R AEAE - T70°C B UK AR, T TR
JE o Wi HE I i s MR SRR SR R AL AR (]
BB A B AR I HR  PLEETE )iy 1 o) ) ZE B Tt g 1 ~
2 em Ab, BREEIE B D)3 T 45 2 1 ) ) 25 T
BORE e B AE AR o AR 25 i BRZETLER ), Bk
SEETE SRt g AR T E AN RS
W45 3R AT A ER , 105°C 23T 30 min, 80°C 4k 44t
24 h Fr T,

F 1 AEALIE

Table 1 Experiment treatments

KPR Beill i/ (mL - ') DEHEUCEL Drigation times

Water Total irrigation amount W kK
treatment /(mL « pot™") Nutrient Solution Water
50% 3244 9 5
65% 4160 9 5
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RISHHAIR VR FE . SRASMEMRAE SRR S
PR — DB TR I B & (ng - g7 Fw) .
1.3 HESh

FH SPSS i it 7 Hr S 4 Ak B3t 4 B s | % M
/N it SR 2 LA SR 2 5

2 RS0

AR AT 35 d B ToHezE
TR ARG 45 d I, 65% A0 FEF At T 44 B2 4 bk B
L T 50% A0 PR AT R H BB ZE RS AR S 2R 55
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K, AR FI S E IR 455, AW EA T B4 B

ENAw R

21 FEMHEMNSREBRAESRENERE
ERRm

T 45 d WS E S BT 2 SR
PRECZER L 25 0 7 b PR [] 2 TG 22 57 | T 45 2 % A
50% b AR T 65% 403 ARG 55 d, S8R
FHXT 75 7K i 509% AL BET 1 KT 65% Ab B, 581
Ba Xt e E R AR A B R R E A T
HPEH(F 2) .

22 FTEMENDREBRAEEEVENZ N

IhER A KT T B AL BRI A 25 AR
PRI T DR B2 A8 AL B AR W), S 3R 0 H I
IR 50%AbFRAIS T 65% A0 BE, 1 Hob 2519 5 i o
225, WIS BCRLAR 30T, 5 AL o ( B A ) 1Y
R R4 5 43 B H A HE 509% K A3 AR T B 3
T 65% , HoHb b3 53 73 B L IAE 509% 4k 3T B
SRV TR SR (RG22 %) B8 B o B 25 1)
SHAMH—2, B85 55 d (BB ZIF BT )
50% 7K 53 Ab B () 1R 5 8 5 4 e H R E R T
65% , 1M Hb_1-F8 9 50 43 BC LU B 7E 50% K o3 Ab BT 45
e, VA TS50 T B e b 55 1 A 40T o
TN A SR R REA RN (£ 3) .

R2 AREKSGHENDREREH RES
REERNZM
Table 2 Effects of different treatments on potato tuber
number, weight and percentage of plants with tubers

S g $: BT KB/ d
s WE 5 7“&“ /% "
. Water  Days after transplanted
Cultivar ~ Measured parameter
treatment 45 55
5 (A - B 50 0.00a 0.10b
Tubers number/ ( per palnt) 65 0.07a 0.47a
PezEd/ (g R 50 0.00: 0.04b
T B TE (g .’HE ) a
uber weight
Shepody i
/(g - plant™) 65 0.01a 0.60a
MRS B2/ % 50 0.00b 10.00b
Tuberization ratio 65 6.67a 46.67a
HeZE¥ 50 0.00a 0.07b
Tuber numbers 65 0.03a 0.57a
g el
22 WL/ (g .He ) 50 0.00a 0.01b
3} Tuber weight
Genyou 2 i
: /(g plant™) 65 0.04a 0.56a
TEIRZE R/ % 50 0.00b 16.67b
Tuberization ratio 65 3.33a 56.67a

AT F AR FREAE 0.05 KF 22 R 8% TR,
Note; different letters following the values mean significantly
different at P<0.05. The same below.

x3 AREKSHETIREEKTURRRE
RESEEFIHTL
Table 3 Changes on dry matter accumulation and

its distribution ratio of potato plant

o Sl 2 pa KR % R KA/ d
nu.ﬂ’ L FE b Water  Days after transplanted
Cultivar ~ Measuredparameter _—_—
treatment 35 45 55
BT i
/(g ) 50 0.20a 0.28b 0.31b
Dry matter of
/(‘"h‘ﬂelpla‘;‘_l 65 0422 0.80a 0.94a
. * plant
ELYH £r
Shepody S LFBSTECEH S0 85.00a71.43570.97b
Ratio for the above
ground part/% 65 88.10a 86.25a 78.72a
S AL 50 15.00a 28.57a 29.03a
Ratio for the under
ground parts/% 65 11.90b 13.75b 21.28b
Bk T
/(e B 50 0.11a 0.23b 0.28b

Dry matter of

whole plant 65 038 0.7la 1.19
W25 /(g-plan™)
Genyou 2.y | #FIMHCLL 50  81.82b82.61a 82.14a
Ratio for the above
around part/% 65 88.84a 83.10a 76.47h
H T A 50 18.18a 17.39a 17.86b
Ratio for the under
around part/% 65 11.16b 16.90a 23.53a

23 TEDEXNDREBFZAZEENEREZESE
EEA

2.3.1 GA4Eah T RFIK AL HXT 44 B A

PR A RS HEE R GA S EC R E R M b
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233 ZRASHTN HAEEBKRE 35~554d,2
FPK bR B2 2 N IS AR E ZR &R
AR —F, BAkJE 35 K, BT 25 #E =%
R HRIEWFEES MMM 2 SHMEZE ZR & &
TE 5S0% bR AR T 65% ; B #J5 45 d, M H ZR
THLTE S0% 0PN B W 5 T 65% , 25 ZR &% &=
TR, MM SRR 2L ZR S 'R A —
B, B AR KA R C g 225 ARG 2 5
50% 7K PR =T 65% ; BB ARG 55 d, BEHAEZE |
2L 7R SR K 509 A BRI 5 T 65% , iR
2 SRR EER(FK6),
F4 RREAS BN DR ERER ISR b
GA EEHISI/ (ng - g")
Table 4 The effects of water stress on the content of GA

before and after tuberization in potato

A A 71(&}‘;(/%[3?/% Days aiiﬁﬁnﬁvfmed/ d

Cultivar Organ
treatment 35 45 55

- 50 8.89a  7.06a  6.9la

Leaf 65 8.09a 6.13a  7.17a

2 50 6.77a  8.67a  8.76a

Hik# Stem 65 6.78a  7.32a  8.17a

Shepody kS 50 5.44b  5.46b  6.93a

Stolon 65 6.86a  7.3la  6.04a

ez 50 - - 5.66a

Tuber 65 - - 4.96a

I 50 6.26a  5.96a  7.75a

Leaf 65 6.88a  6.52a 7.18a

=% 50 6.46a  5.58a  7.73a

Wik 2 & Stem 65 5.5la  7.18a  6.13a

Genyou 2 B 50 6.54b  6.77a  5.89a

Stolon 65 7.20a  593a  6.45a

Bk 50 - - 7.07a

Tuber 65 - - 7.25a

x5 KOMEINDERBRERB LIRS
TAA SEHIHI/ (ng - g7')
Table 5. The effects of water stress on the content of
TAA in the process of potato tuberization

] K% BARIR K
it A wE Water Days after transplanted/d

Cultivars Organ treatment 35 e 55

I 50 118.03a 91.38a 113.51a

Leaf 65 89.36b 40.77b 112.56a

E3 50 73.90b  96.39a 150.45a

R Stem 65 107.54a 93.44b 112.00b

Shepody HEZE 50 49.66a 39.80a 54.09a

Stolon 65 46.99b  30.05a 31.69b

ek 50 - - 30.13a

Tuber 65 - - 28.60a

H 50 61.24b 34.70b 55.17a

Leaf 65 66.30a  43.68a 49.91b

-3 50 45.70b  53.09a 45.51a

ARAE 2 = Stem 65 68.59a 39.63b 51.57a

Genyou 2 mEZE 50 64.6la 26.81b 33.98a

Stolon 65 44.61b  34.70a  31.99b

P2k 50 - - 33.41a

Tuber 65 - - 32.00a

Fo6 KOMEXNDERERERKITE
B ZR =R/ (ng + g_l)
Table 6 The effects of water stress on the content of ZR

during potato tuberization

. o IKATREIR % Bak s K Ed
fl it B ater Days after transplanted
Cultivar Organ Water e i
Treatment 35 45 55
s 50 10.76a  9.62a  9.25b
Leaf 65 12.66a  7.73b  12.00a
ES 50 6.75a  9.05a  9.74a
R Stem 65 8.52a 10.12a  6.88b
Shepody GIES 50 48la  6.05a 6.24a
Stolon 65 6.42a 6.80a  6.86a
Yz 50 - - 6.10a
Tuber 65 - - 5.29h
m: 50 8.15a 7.87a  8.2la
Leaf 65 8.04a  6.51b  9.75a
ES 50 7.80a  6.58a  6.43a
Wit 25 Stem 65 5.82a 6.98a  6.83a
Genyou 2 Rz 50 5.26b  7.82a  6.08a
Stolon 65 7.14a 5.86b 6.38a
&S 50 - - 6.96a
Tuber 65 - - 6.69a

24 FTEEXNDRERIERZELGIH RN
241 GA/IAA L BBt i, ANFEAE T,
Han BT GA/IAA {EAR LG FEI7E 0.06 ~0.24550%
KRR 4% B A E) 25 GA/IAA LEW BK T
65% b H ;- FIE 25 GA/IAA (H W25, 1
ZE AR PR SRR S, R [FK 0 AL B, A =5
GA/IAA HIC R E 225, ARL 2 S 7EFE 4R 35 d )
50% AL B = T 65% , Bk 45 d B 50% 4bBE T #5
IS, oA 55 d BFPINMEBRRIANAAE I 22 57 (3R 7).
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R7T FEAKSHEXN DR BRERK
TR GA/IAA EHIZIN
Table 7 The effects of different water stress on the ratio

of GA/TAA during potato tuberization

} K% BAR REU
unﬂ’ ' Water Days after transplanted
Cultivar Organ treatment 3 5 >

IH- 50 0.08a  0.08b  0.06a

Leaf 65 0.09a  0.15a  0.06a

2 50 0.09a  0.09a  0.06a

Bl Stem 65 0.06a  0.08a  0.07a

Shepody HEZ= 50 0.11b  0.14b  0.13b

Stolon 65 0.15a  0.24a  0.19a

Bk 50 - - 0.19a

Tuber 65 - - 0.17a

- 50 0.10a  0.17a  0.14a

Leaf 65 0.10a  0.15a  0.14a

2% 50 0.14a  0.11b  0.17a

Wik 2 = Stem 65 0.08b  0.18a  0.12a

Genyou 2 HEzE 50 0.10b  0.25a  0.17b

Stolon 65 0.16a  0.17b  0.20a

Hhzx 50 - - 0.21a

Tuber 65 - - 0.23a

24.2 GA/ZRAL HZSIEaL # 2 Fhok 7 ab 3
TN B SRR 2K ) E)ZE GA/IAA fHAE L
WA, BARE 35 d, A¥SE S =48yt
GA/TAA {2 50% 4b BT 1 3 & F 65% , AR AL 2
SR 25 GA/TAA fHIC R 25 5 BRZETFIRIE B
(BARJE 55 d) I, B3 AP 28 GA/IAA {E7E 50%
IR AEFE R B AR T 65% 4 FH 4 &) 25w b (U 7
50% Kb PR T 55 5 5 ARDE 2 525 GA/TIAA {H N 50%
LB 25 T 65% A BE )R 25 1 LR TR AS [l K
Bag LE IR N Y SRS N R
FREZE GA/TAA (HIYTC B E R (£ 8) .

243 ZR/IAA A WDEEENFIZE X ZR/
TAA (HAEANIR K S0 AR B R JC it 3% 22 575 i o5 /) )
AP HE AR R ) 25 55 B HAE SR R 25
ZR/TAA E N 509%Ab PR 2 58T 65% 4b P, B &
PRI 05 28 B AR KB e T E Bk 3 AR AR
2 S HEIZE ZR/IAA EAEHCEETE AT (B AR5 45
d) 4 50%7K 53 AL BER B 5 F 65% Ab B (H R ZETF
WIE R (BAR)E 55 d) i i As b 5 B — 3,
WEZETIC W E 2R, R AT K 53 4b BT A 5
il ZR/TAA (HIHFEAE IR (£ 9) .

2.4.4 GA/(TAA+ZR)AE  AR[E) K434k BT 4% 2
YR it 2 R i i 325 GA/(TAA+ZR) HTC 2
RO B A B EE T B L S S BRI
HYH2E GA/ (IAA+ZR) HAEW /K 53 A BT T i
TS HEZEPIE N 509% 4B H BART 65%4k

8 ARKSIMEIT DS ERER R
iTFER GA/ZR RIS
Table 8 The effects of water stress on the ratio of

GA/7ZR during potato tuberization

o o IR ER/ % B E KA/ d
uuﬁ’ ' Water Days after transplanted
Cultivar Organ treatment P e e
H 50 0.83a  0.73a  0.75a
Leaf 65 0.64b  0.79a  0.60b
-3 50 1.00a  0.96a  0.90b
Hi# Stem 65 0.80b  0.72b 1.19a
Shepody HEZE 50 1.13a 0.90b 1.11a
Stolon 65 1.07b 1.08a  0.88b
Hezk 50 / / 0.93a
Tuber 65 / / 0.94a
- 50 0.77a  0.76b  0.94a
Leaf 65 0.86a 1.00a  0.74b
'3 50 0.83a  0.85b 1.20a
B2 5 Stem 65 0.95a  1.03a  0.90b
Genyou 2 S 50 1.24a 0.87b  0.97a
Stolon 65 1.01b 1.01a 1.01a
Hezk 50 / / 1.02a
Tuber 65 / / 1.08a

K9 AREKSHETT DEERERR
T2 ZR/TAA EE I
Table 9 The effects of different water stress on the ratio of

ZR/1AA during polato tuberization

a o RGP/ % 2PN
uuﬁ i Water Days after transplanted
Cultivar Organ Lreatment I e s
I 50 0.09b  0.11b  0.08b
Leaf 65 0.14a 0.19a 0.11a
2% 50 0.09a  0.09a  0.06a
Hhe Stem 65 0.08a  0.1la  0.06a
Shepody HEZE 50 0.10b  0.15b  0.12b
Stolon 65 0.14a  0.23a  0.22a
Hezk 50 - - 0.20a
Tuber 65 - - 0.18a
- 50 0.13a 0.23a  0.15b
Leaf 65 0.12a  0.15b  0.20a
E'3 50 0.17a  0.12a  0.14a
WAL 2 Stem 65 0.08b  0.18a  0.13a
Genyou 2 HEZE 50 0.08b  0.29a  0.18a
Stolon 65 0.16a  0.17b  0.20a
Hezg 50 - - 0.21a
Tuber 65 - - 0.21a

PR TARME 2 5 e ZE TP A T8 it (BB ARG 55 d) 2%
GA/ (TAA+ZR) (EAF 50% /KA b BT 3575 T 65%
ALEE ) EZE TR L T B 22 R (£ 10)

3 gieiHe

WA 2R B 15 SR 1 B A T RS A A B (R Ak
HP)  TEFE TS & 7K & 50% I B 52 2 M H hia
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F 10 FREKDEEI DL ERER K ITE
i GA/ (1AA+ZR) B IS0
Table 10 The effects of different water stress on the ratio of

GA/(TAA+ZR) during potato tuberization

} K% BAR REU
un.ﬂ’ ' Water Days after transplanted
Cultivar Organ treatment 3 5 >

IH- 50 0.07a  0.07b  0.06a

Leaf 65 0.08a  0.13a  0.06a

2 50 0.08a  0.08a  0.05a

Bk Stem 65 0.06a  0.07a  0.07a

Shepody HEZ= 50 0.10b  0.12b  0.11b

Stolon 65 0.13a 0.20a  0.16a

Bk 50 - - 0.16a

Tuber 65 - - 0.15a

I 50 0.09a  0.14a  0.12a

Leaf 65 0.09a  0.13a  0.12a

2% 50 0.12a  0.09b  0.15a

Wi 2= Stem 65 0.07b 0.15a 0.10b

Genyou 2 B 50 0.09b  0.20a  0.15a

Stolon 65 0.14a  0.15b  0.17a

Hhzx 50 - - 0.18a

Tuber 65 - - 0.19a

AT A K e B R He 2RI Bl AR T — 2 1 5L
N, BRZE (I8 W B A ) R R IR T 65% 1 Ab
7RSSR b B R B AR B 45 PR
WMERSENEIAE 2R, GA 5 ZR &8 1281k iE
We/IN, 43 ) 4.96~8.89 ng - g7 H1 4.81~12.60 ng -
g M TAA B AR LR 4K, R 26.81 ~ 150.45
ng - ¢ IR KT GA Ml ZR SR MATEHE,
VIR AR IR W3 T 2 )R8, TAA AT BB E B
2 GA MRS R, AR g Ab B
T, B EZE GA & EAF 50% 40T KT
65% Kb {HZE 51 ) 25 TAA S 7E 50% A0 B R 458
(SO RETEE S QTS 3 i kN YN ]
BT AR ZE A R BRI R AR & R
PR EE, FI R & n 2k n] e 5
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