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Effects of epibrassinolide on growth and tuber quality of
potato under NaCl stress

TANG Xinhua, MENG Xin, SHI Yi, GAO Hongxiu, QU Zicheng, ZHANG Hao, SHI Ying~
(Agricultural College, Northeast Agricultural University, Harbin 150030, China)

Abstract In order to explore the effects of epibrassinosteroid (EBR) on the growth and tuber quality of potato planted
in saline soil, three potato varieties “ Youjin”, ‘Dongnong 310" and ‘Dongnong 312’ were used as the research objects
under potted planting condition. NaCl solution was applied to soil matrix at the tuber formation stage, and
epibrassinolide with different concentrations (0.02 and 0. 10 mg/L) was sprayed on the leaves, with no NaCl and no
EBR treatment as CK. Then, leaf physiological indexes (SOD activity and MDA content) , maximum photochemical
efficiency of PSII (F,/F,) and chlorophyll relative content (SPAD) of leaves were measured every fifteen days. Yield
and tuber quality of potato were measured at maturity stage. The results showed that: The SOD activity, SPAD, and
F./F. of the leaves of the three potato varieties were significantly decreased and the MDA content was significantly
increased under NaCl stress. The changes of each index were opposite after spraying EBR. Under NaCl stress, Fe
content in tubers of the three varieties decreased by 22.97% —46.43% and K content decreased by
34.84% —41.67% compared with CK. Spraying EBR increased the Fe content in the tubers of plants under NaCl stress
by 36.11% — 163.66% and the K content by 30.41% —257.61% . Moreover, after NaCl stress treatment, the starch
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quality per plant. dry matter content and starch content of ‘Youjin’ and ‘Dongnong 310’ tubers of treatment A were

significantly lower than those of CK, and the starch quality per plant of the three varieties with 0.02 mg/L EBR was

increased by 19.03% — 27.85% compared with that of treatment A. In conclusion, spraying 0.02 mg/L EBR could

significantly reduce the adverse effects of soil salinization on the growth and tuber quality of potato.

Keywords potato; NaCl; EBR; growth; tuber
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S i A B S — AR T 6 28 H AT
R B 4 AAEFR AR PR A LB A C BRI 20 g/ L
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FE AR M R 43 I BEE 0. 02 A1 0. 10 mg/L EBR M A
1E 52 1R ELAS i . CKOFTAL B A F 55 it 2% 4
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TALFRHET S H BRI 2 5 45,6 J 28 HIC A% 0
KA E R 14 d B ES 5.7 H 13 H CGf
15 K).7 H 28 H(H 30 X).8 H 12 H (5 45 K);



512 1]

JEFRST . RMSERNBEA NaCl ha T B 44 8 A 4R He 2K 5 BT 952 i 129

FHF 8 A 23 Ak i’ .9 A 9 HUR ARA&
3107l AR 3127,

F1 TELLEFM NaCl REFBIHE EBR K E
Table 1 Supplemental amount of NaCl and EBR spraying

concentration under different treatments

fib 38 NaCl/(g/#)  EBR ¥ /(mg/L)

Treatment EBR concentration
CK 0 0
A 20 0
B 20 0.02
C 20 0.10

1.3 MEDBRFE

H AL BT A 0.15,30 F 45 K 7:00—11:00,
T8 IBCRE A o o A3 B AR AR 3.4 Fr it CREAS A R L
AL B4 BC 3 Bk . A Tang 455057 7 I w2 it A
SOD ¥ F1 MDA & &, 1l H A Je K 3K BIA 2 A
SPAD-502 M £ AL M & b R e
SPAD, I [F WALZ A & PAM-2500 M 4% & 945
G gt i F./F, . B A H LA R Z-2000 J5F
W WA 43 6 06 B 3 2 B 251 Zn. Fe,Mn,Cu.K #”
Bt R &Y. TR A bk 6 bk T
o P 25 3R T U8 b AF A BT, W BB T A . R AR A
PIBL 1.5 emX 1.5 em X 1.5 cm M /hHe, & T UL 4
105 C AT, MG 80 CFMM T4, ZHEFERH
1R

TER E i (g/kg) =
(TP & s —57.5) X (1—0.015) (1)

HARRTEM & i () = JEM & i X k& (2
K57, 5 AT P AR 4E R B A RIE B
i, g/kg;0. 015 M4 LUfA.
1.4 HIEH A

WA Excel 2013 12 s# 80 ¥& . SPSS Statistics 19
AT E0HE 70 #7 . GraphPad Prism 5 il &,

2 FHRE5SMH

2.1 AELEXMFH SOD iFE 4 & i

M2 2 I, 3 A4S b D 88 B A 4 AN BURE it
F 1 SOD i P 35 22 3L Se T 5 B AR ik 3, B b
MEZSRE, A A fJus R SOD i M7
55 15,30 1 45 K43 9148 CK F&AK 10, 93%.7. 65 %

1 26.80% s M AL BE B Al C 7E45 15 d /5% CK &
24.58% 136,56 % . fE4F 45 KA% CK & 674. 96 %
M 52.81% ., AbBE A o R4k 3107 it | SOD ¥ 1
FESE 15 Fl 45 K& CK 43 5% 6. 93% Fl 14. 53% 5
MALEE B AESE 15 A1 45 K409 CK & 19, 12% il
155.70% . AbBE A ARk 3127 0 SOD I 4 78
55 15.30 i1 45 K433l CK fik 11. 95% .22. 82%
6. 41% IMALHL B 7255 45 K H CK & 240.56 % .
AhEEC FESE 15 A1 45 K3t CK & 7. 35% Al
83.44% . Zf I, NaCl &b J5 D44 20t 5 SOD i #:
TR, MM RE EBR Al 2% i B SOD I 9 %,
0.02 mg/L EBR SR EIH i ,
2.2 AE4LEXIF MDA &2 %I

28 3 AT, 3 A i Bl AE BORE 391 9 it 7 i) MDA
T ERBE A EE, A h A M A
MDA ) & & £ 55 15, 30,45 K7 58 CK &
66.86%.77.09% .70. 13% . Mi kb ¥ B #E 4% 15,30,
45 KA CK & 14. 41%.29. 64 % .28. 26 % , Ab
L C FE4 30 A1 45 K40tk CK & 79. 36 % Al
76.92% . NaCl il .3 A 5APab 3 A B.C M
7 MDA & 5 CK W 1, (1A 3 B Ay 38 I 4%
AN ARER A HZRAR 3107 AR MDA & EESS 15,
30,45 K4 H e CK & 13, 73%.7. 84% . 11. 79%.,
MALEE B 7E55 15.30.45 K435 e CK X 18. 30% .
16.99%.26. 24%, 4b B C £ 4 15 K b CK &
11.11%., Ab¥E A gk 3127 it i* MDA & &
TEHS 15 F1 45 K914 CK % 35. 66 % F1 81. 85% ,
MAL P B 7E5E 30 K& CK K 28. 02 % JFEH 45 K8
CK 7 41,94 % A3 C 7256 45 K# CK & 51.61%.
25 b, NaCl W io i o 5 5 i 19 MDA & i -
TF 0 EBR AT #0H] MDA & &8 89 7 & . 8 28 NaCl
Jiip 360 X6 b 44 B 3 B A
2.3 AEAEIM K SPAD B

H% 4 AJ L A3 A 3 AN Rl I i SPAD
TE45 15.30.45 R T CK, Horp 0 47 1 B iy
SPAD 7E55 15.45 K435 CK ik 14. 58%6.8. 73%,
A 3107 AbER A FEER 15 KRB CKAK 5.95%, %
e 3127 kb B A FEHS 15.30.45 K4 98 CK &
9.79%.5.65%.7.03% . 1M 3 A~ A b2 B 7F 2
15.30.45 KA SPAD ¥y TAL 3 A H b 43 B rh
A FEHS 30,45 R AL FE A & 26.68% .
17.38% ;74 3107 AbFE B 7E4 15,30 K AL A
5 15.03%.7.06% ; “ A4 3127 b3 B 75 30 KiL
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AhFE A B 17.30% . ZE L NaCl Ab# 5| o 44 20t R R SPAD Fh &5, # B2 0. 02 mg/L EBR 2%
F SPAD FA% i 1] EBR #] ff NaCl a1 F 4% 2 RERBE.

%2 FELEIHEMHH SODFEY

Table 2 SOD activity of potato leaves under different treatments U/(g ¢ min)

o b 7 I FiF ] Time measured

Variety Treatment EE N 15 K 30 K 45 K
CK 1.812 a 2.954 ¢ 14.649 a 0.623 ¢

4 1.839 a 2.631d 13.528 b 0.456 d
Youjin B 1. 956 a 3.680 b 12.050 ¢ 4.828 a
C 1.908 a 4.034 a 13.888 b 0.952 b

CK 4.532 a 4.068 b 11.114 a 1.720 b

%4 310 4.423 a 3.786 ¢ 11.035 a 1.470 ¢
Dongnong 310 4.369 a 4.846 a 11.513 a 4.398 a
C 4.518 a 4.336 ab 11.222 a 1.640 b

CK 4.639 a 5.045 b 16.110 a 0.858 ¢

Rk 312 A 4.456 a 4.447 ¢ 12.434 b 0.803d
Dongnong 312 B 4.488 a 5.156 ab 12.844 b 2.922 a
C 4.398 a 5.416 a 12.632 b 1.574 b

TE:CKL AL ALB AN CL ISR 1, RV E B E 2 W AR/NG FRRRTE 0. 05 K2
SE. TH.
Note: CK, treatment A, B, C, in Table 1. Using single factor Duncan multiple comparison

method; Different lowercase letters show significant differences at 0. 05 level. The same

below.

®3 AEAXLEDREHHF MDASE
Table 3 MDA content in leaves of potato under different treatments mmol/g

i Ab ¥ M %€ B (8] Time measured

Variety Treatment %0 R %15 K %30 K W45 K
CK 0.036 a 0.118 ¢ 0.159 ¢ 0.268 ¢
4 A 0.041 a 0.197 a 0.281 a 0.456 a
Youjin B 0.039 a 0.135 b 0.206 b 0.344 b
C 0.038 a 0.120 be 0.285 a 0.475 a
CK 0.036 a 0.153 b 0.153 ¢ 0.263 b
4k 310 AL A 0.035 a 0.174 a 0.165 b 0.294 a
Dongnong 310 AhF B 0.036 a 0.125 ¢ 0.127 d 0.194 ¢
A EL C 0.033 a 0.136 ¢ 0.202 a 0.273 b
CK 0.034 a 0.143 b 0.182 a 0.248 ¢
ok 312 Ab 3 A 0.039 a 0.194 a 0.183 a 0.451 a
Dongnong 312 AhEE B 0.037 a 0.146 b 0.131b 0.352 b

I3 C 0.038 a 0.158 b 0.173 ab 0.376 b
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Table 4 SPAD of potato leaves under different treatments

i i Ab ¥ i %€ B (8] Time measured
Variety Treatment %o R 15 K 30 K 545 K
CK 44,31 a 41.20 a 35.67 b 38.13 ab
o4
A 44.08 a 40.03 a 30.47 ¢ 34.80 ¢
Youjin
B 44,56 a 39.60 a 38.60 a 40. 85 a
C 44.19 a 37.40 b 35.47 b 37.10 b
CK 39.17 a 42.03 b 38.61 b 34.93 b
A 310
A 39.38 a 39.53 ¢ 38.40 b 34.89 b
Dongnong 310
B 38.97 a 45.47 a 41.11 a 38. 86 ab
C 39.22 a 41.45 b 37.40 b 34.96 b
CK 37.43 a 41.47 a 32.23 b 36.96 a
ARAe 312
A 37.56 a 37.41 b 30.41 ¢ 34.36 b
Dongnong 312
37.13 a 36.21 b 35.67 a 34.87 b
C 37.33 a 37.76 b 27.63 d 31.93 ¢

2.4 AEXEWNSHRENFWF./F., B0

5 Al AL AR B A B 3 AR A FL/F,
FE45 15,30 Fl 45 RHME T CK; Hrh o & 7258
15.30.45 K430l t CK K 5. 96%.7. 06%0.4. 74%;
CHRAR 3107 7EER 15 A1 30 KA CKAIK 3. 26 %01 3. 73%
SRR 3127 AR 45 K#E CKAK 2.25% ., BALERd 3
A E AR R F/FL FESS 15.30,45 K38 T Ak
A H A U A RS 15 FI 30 KA H A &
7.05% 1 10.26% . AR 3107 FE4 15.30.45 K4
FASALHE A 7 8.70%.3.61%.5.55%, ‘A4 3127
TESE 15 RILALFE A 55 3. 74% ., 459381, NaCl 4b
RO X B 2 A bR 1 AR AR W 8 W an, o
F,/F, %% T, 56 H EBR 7] Z# NaCl Bl i A
FIEE0E L Jti 0. 02 mg/L EBR A & % 4275 NaCl iy
HTFHBENREF,/F..

2.5 AENENSRERZENTRTEESEMN
A1)

HHR 6 AT AR 3 A e 47 C AR AR 3107 A
CHRAR 3127 HRZE Fe & i 430l tb CK AR 22. 97% .
46. 43 % F1 25.53 % , K &40 3l b CK 1% 35. 60 % .
34.840%6.41. 67% . MM EBR 5. A3 B ek
) Fe SR ET CK. A B.C I 2EK Fe /Y
WEETAE A B.CHZEH K &EE T
AHWP i 4 A8 C FLARFR A 5 116, 17%, “ AR

3107 4bBE B.C 43 BIA AL BE A 755 247, 46 % .257. 61% ,
CHRA 3127 kbR BLC Ay BIACAR A 137,919
107.14% . Ab#E A 3 AN AR ZEN Zn Y
BT CKL H R4k 3107 Fl A 4¢ 3127 88 CK &
29.93% F1 18. 91 % s 4b B B.C B2/ Zn F B
FETAE AL 3 AR FIAREE A A2 Mn & B4y
M CK & 44, 20% .21, 59% Ml 40. 50% . % L,
NaCl 38 FH 2509 Zn, Mn & 8800, M Fe K &
R, i EBR FJ & 35 42 %5 NaCl i~ S48 5
HZE Fe Ml K (4 i,
2.7 AEEAKFEMRERRFHZME
R 7 A HLARER B, S04 7 AR AR 3107 Al
CHRAC 3127 WY BRRR R A i LL AR BE A R 26. 19% .
19.53%.7.69%; ‘L4 CK Bk B mm. 34
d R A B A B K Y L UE R A R R U
e B E T CKL AN B 93X 3 W45 4534
WER T A, fERRER S &, Jod.
AR 3107, A A 3127 b A CK 435I F R
52.15%.32.48%.7. 63% , M AL ¥ B HLALHE A 4351
P 26.18%,19. 03%.,27. 85% . %i b, NaCl il
T L HCEET YRS TE R S AR E M A A
JIT ARG o T W5 66 005 24 94 B EBR ] 2% it £ W3 % T 4%
B K BT RN 0 S R R RE o R R
i R T RS B VER R AR TE R
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Table 5 F,/F,, of potato leaves under different treatments

= i kb3 % B 8] Time measured

Variety Treat ment 0K 15 R 30 R 545 K
CK 0.742 a 0.755 a 0.765 a 0.739 a

o4 A 0.745 a 0.710 b 0.711 b 0.704 b
Youjin B 0.740 a 0.760 a 0.784 a 0.723 ab
C 0.738 a 0.749 a 0.762 a 0.684 b
CK 0.763 a 0.737 b 0.777 a 0.741 ab

A4k 310 A 0.768 a 0.713 ¢ 0.748 b 0.721 b
Dongnong 310 B 0.761 a 0.775 a 0.775 a 0.761 a
C 0.759 a 0.745 b 0.718 ¢ 0.734 b

CK 0.772 a 0.737 ab 0.769 a 0.756 a

KAk 312 A 0.767 a 0.721 b 0.748 ab 0.739 b
Dongnong 312 B 0.777 a 0.748 a 0.761 a 0.736 b
C 0.771 a 0.723 b 0.726 b 0.745 ab

x6 TRALETINDIRERWHNRETRATERE

Table 6 Mineral element contents in tubers of 3 potato varieties under different treatments  pg/g

fn i Ab B JGZ Element
Variety Treatment 7n Fe Mn Cu K
CK 19.85 ¢ 360.14 b 7.76 ¢ 5.21 a 27 540.60 b
s A 20.91¢  277.42¢  11.19 ab 5.43 a 17 736. 82 ¢
Youjin B 26.45b  460.62a  13.32a 5.23 a 20 130. 52 be
C 33.46a 332,05 b 9.99 b 5.39 a 38 342.05 a
CK 14.97 ¢ 278.74 b 8.80 b 6.15 a 12 425.29 b
A 310 A 19.45 b 149.31 ¢ 10.70 a 6.20 a 8 095.93 ¢
Dongnong 310 B 34.85a  393.67a 9. 24 ab 6.31 a 28 129.93 a
C 24.50 b 327.13ab  8.67 b 6.15 a 28 951.58 a
CK 19.35 ¢ 406.38b  10.47 b 2.95 b 26 466. 66 b
% 312 A 23.01 b 302.63¢  14.71a 4.75 a 15 438. 08 c
Dongnong 312 B 31.67a  412.92b  10.29 b 3.22 b 36 728.33 a

C 28.47 ab 460. 85 a 11.47 b 2.75b 31 978.94 ab
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Table 7 Yield per plant and tuber quality of 3 potato varieties under different treatments

i i wm CETRE R ke ARk D A
Variety Treatment Yield per Dry matter content Starch content Starch weight

plant per plant

CK 195.0 a 195 a 135.4 a 67.04 a

T4 A 352.1 ¢ 150 b 91.1 b 32.08 ¢
Youjin B 444.3 b 150 b 91.1 b 40.48 b
C 398. 8 be 148 b 89.1b 35.55 be

CK 450.0 ¢ 248 a 187.4 a 84.35 a

ok 310 A 481. 8 be 178 b 118.2 b 56.95 ¢
Dongnong 310 B 575.9 a 177 b 117.7 b 67.79 b
C 511.9 b 192 ab 132.2 ab 67.70 b

CK 373.6 ab 131 b 72.4 b 27.05 b

Aok 312 A 358.9 b 128 b 69.4 b 24.92 ¢
Dongnong 312 B 386.5 a 141 a 82.4 a 31.86 a
C 320.3 ¢ 143 a 84.2 a 26. 97 be

3 ® GEAM 4R a b EE T, AT 38 SPAD F R8T

3.1 EBRXF NaCl i TS E A EHERNT D

TR 0036 T AR ) 240 M 1 B 45 A o S A2 3] 52 I
EON I SERA 7N o B S = e (R TN
TS R o 3 4 Ak 1 o 240 P R O 1 L S SO R
O MDA 2 B RE o A J2 Y, nT R
W0 40 M 1 B B o Ak K S A A g 45 R R
SOD 2 A= P4 o8 22 0 A A0 8 RE B8 15 BR 0 H
FLPU L ORBEFE T NaCl Bt T 3 A Fp b 3 A A6
BRI H B9 MDA & &8 CK % F+ i, 22 WA bk 8
% NaCl 30 J5 S 20 hb B A I F- 200 i 55 45 5 7 2 444
L3t AR B2 R 7R (i MDA £ 58 19 T 958 it
EBR J& 15 fil 45 d B4 ¥ B it 19 SOD & & ¥
Fm T CK MAb# AL kb #E B i A 9 MDA & =
LT CK Fgb s A, Bk, 40 EBR 3 2 £2 &
B A AL 09 35 P (e SOD) 30 5 B 38 T 481k 2
RSN = i R 7 N TE N
3.2 EBR XfF NaCl B8 T 3% E SPAD # F,/F,

s

FE 0 030 T AH 4 20 AR R B 2ot AR A LR R 2 B

T IR K 52 M - S AR S HER IS PST AT PSIT & & 1

I3 — 5 T AE R P38 T AR R B WS R A 1Y) - B
FIME L 7T BE S B0 G 28 0 S0 2 Wl 0 1) 4 T R (A
BETS 58 %E a b &M, i SPAD
FEAG. NI A BT 58 NaCl fia F 4R B A R FR 59 i
F SPAD & % & T CK; ifii Wi i EBR 0] DL 48 &
SOD #9961 , DT I B B 0T B8 52 452 BT 7= A= 11 4
L BE AT, BE 65 2 = I 3R 4 i el ok I 7E b B B
MCHEMT 3N SREMFN SPAD B A A
FE,

F./F, fetg R we PSI N CREHE B R0, 76351 5%
Wit & T %S85 B E TS . NaCl b~ 3
AR A PR KR R FL/F, % CK 3
I, R RE PR AZ 3 T AEA: Y B W 3a L JR IR & Y PSI
1 PSIT 32 24t 05 J5 i S PR il 4RO g i g 1 F [
H SPAD By B AR 5 B+ 1% 388 203 FE AR, &
F,/F, & FEES, i EBR EFREE RS
SEVERIThRE NI AE B EBR J5 AL ER B AL bR Y
F./F, B3 A W45, B8 T i T i NaCl
Sl AR A W 6 55 W aa 0 4 R, H A B C
(0.10 mg/L EBROTEZ it i F./F,, T FER/EN
7 A A B(0. 02 mg/L EBR)
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3.3 EBRXF NaClfriE TEREREZR/RME
L7 Y -<3: kA

LN Na® /K" ok B (1 F fir 2 08 UE 4l 4 78 3%
38R HEAT IE R AR SRACH ) OCHE, James S5 B
FEFRW] K 75 IR0 4 W0 1 N8 38 e R IR 0T A7 1 kS
FEEH RS &R KA BT 4555 6 0 i 15
PERICA IR 38 . ARHFFE NaCl pl F 3 A4~ Ff
PR A MR A K & B ERT
CK, Wit EBR JGAbBE B 1 C Y328 K & &I
H¥5 8% & T ALHENSMNE EBR o] LU #F 5 8%
X KA WSO A Gl R DA R K Y
HEE O Na® /KT RGN ER W aa i 45 % . e
BRFE BT, S AR AR 3107 Al R4 3127 Ab B A [ R
B R CK JC 8 3 A48 b, 3 T /8 55 40 0 3a 1) 2
A MRE S E R s A B A BRI C T
J& 8 B R 5 Ak = il Jin NaClL Jg) 1900 {1 3
A FL AR B A RS T S i E M i B RR
BREE R S EYE CK 8% FRE.ERBET
SPAD I F,/F,, %3 KEAL . U6 LE 6 I By Bt fig
I FH 2RO AR % Ak 0% T W 2 100 38 1 I 52 I B B
ALY A BURE ) FEAIC s T WE i EBR J5 3 /> A b 21
BRRHBEER S EY R ER TAME A X5
SPAD fil F,/F,, Wb E Ry —3k. AW R, M
HAEY 2 SPAD FIOLAHR P, = H AL
IEAHSE R RS F,/F, 1T LA WA ) 32 3 3E
A 3 35 ol 2 R S AR i 4 IR B EBR
(0. 02 mg/L) " #2% NaCl i K - F- SPAD, M T
& F,/F, P, 82 T NaCl Jfiria 5]t
PRV ZEVE M & B R R 09 R B L ARk 2 X 2R B
ZEVEM R R B R R R, 3 A AR Ot 4
CHEGE RO R0 J5 (B A BB He 25 58 b i i [
MR v T AR A 3107 (P G A O RN AR A 3127 (HP i
B X AT AR R AR I RN R A G,
A Rt — L RAE,

4 & it

it EBR ] i 3% 08 2% 1 NaCl B if 1 g iy < o
G0 AR 3107 AR AR 3127 3 AL E S R A
SOD {4 B MDA & &8 T+ &, I ol 35 52
AT E WM R SOD % M, W3 R SPAD. Il 2%
F./F, TF, TEHZE5 BT 1 NaCl B if T~ 4 pk e
22 Zn Mn & RN Fe K & & B % . 3 ] EBR
AR E R AR E YN b Fe AL K & i, Wit

EBR fg i # #2755 NaCl a0 F 4% 5 i B kk = i
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% it % & ok 0. 02 mg/L 1Y EBR E% 2 3 ZZ /% NaCl
30 XoF T 4 2 A K A R 2K R 4 R R B
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