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Effect of drought stress on potassium and calcium fluxes in
Pinus tabulaeformis and Pinus tabulaeformis f. shekanensis

WANG Shuyuan, WANG Fu, TANG Jiaqi, LU Yanjun

(College of Forestry , Northwest A&F University ,Yangling , Shaanxi 712100, China)

Abstract: [Objective] The K™ and Ca®" accumulation in roots and leaves and their transportation
across plasma membrane of root tip epidermal cells of Pinus tabulae formis and Pinus tabulae formis {. she-
kanensis seedlings under drought stress were comparatively investigated, which would clarify the physiolog-
ical differences between the two species in K™ and Ca’" homeostasis perspective. [Method) Using the seed-
lings of the two species watered twice per week as control, five-month seedlings were treated with short-

term (no watering for 7 d) and long-term (no watering for 21 d) drought stresses. K and Ca®" contents in
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root and leaf were measured by Atomic Absorption Spectrometry and K™ and Ca’" fluxes from root tip
were tested by Non-invasive Micro-measurement Technique at the end of drought stress. Besides, the root
tips were pretreated with 500 pmol/L sodium orthovanadate (Vanadate) as inhibitor of PM H™-ATPase
for 50 min, 20 mmol/L tetracthylammonium (TEA) as inhibitor of K* channel for 30 min,1 mmol/L Gad-
olinium chloride (GdCly) as blocker of PM Ca®" channel and 5 pmol/L Eosin yellow (Eosin-Y) as blocker
of PM Ca*"-ATPase for 1 hour before testing K™ and Ca*" fluxes. [Result] Compared with the control,the
short-term drought stress had no effect on K" and Ca’" contentsin root and leaf of the two species, while
the long-term stress induced the decrease of K™ and Ca®" contents significantly with more K™ and Ca®" ac-
cumulation in P. tabulae formis. The short-term drought stress changed K in fluxes of P. tabulaeformis
from slight K™ efflux under control, while the long-term stress enhanced K™ effluxes. Compared with the
control,the K' effluxes of P. tabulaeformis {. shekanensis were enhanced under both short-term and long-
term stresses. Ca®" fluxes of P.tabulaeformis were in balance under control,it increased under short-term
stress and only increased in apical elongation zone under long-term stress. Ca*" effluxes of P. tabulae formis
f. shekanensis were strenghthened differently under short-term stress and long-term stress,compared with
the control. Both K™ and Ca®" influxes of P. tabulaeformis were larger than that of P. tabulaeformis f.
shekanensis. K effluxes were inhibited by TEA while strengthened by Vanadate in the two pines,and the
effects were less significant in P. tabulae formis {. shekanensis than P. tabulae formis. The Ca*" effluxes
were inhibited by Eosin-Y in the two pines,and the Ca*" in fluxes of P. tabulae formis were inhibited by
GdCl; , which was not effective for P. tabulae formis {. shekanensis. [Conclusion] K¥ efflux was restricted
through depolarization-activated K™ channel activated by higher active H" -ATPase and Ca*" was transpor-
ted across plasma membrane by Ca®’"-ATPase and Ca’" channel, which reduced K* loss and maintaining
Ca”" homeostasis both in cells and tissue of P. tabulaeformis. Therefore, P. tabulae formis had higher
drought-resistance than P. tabulae formis f. shekanensis.

Key words : Pinus tabulae formis ; Pinus tabulae formis {. shekanensis;drought stress; K¥ flux;Ca*" flux

T 5 R A R AR A A 2R Y —
PE B A (R R 1 BT S ) A, ™ A A )
AR RE . AR Y AR R FE R
FIRTCE YRR A0 ML KOSP4 A B AR 25 AR
AP a AR EE . — B0 2 5 R A Y 40
L N P il N S 1% 9 N N T S
FE BB 1 A2 3 AE b 2k B Cln 25 48 35 1 & B0 » I AR
R AF T 2D 11 [ 10 52 1o AR 37 3 08 P 4 2B BUAH I 43 F
PEABAE) 5 25 W 38 T, K A5 54 306 40 f AR 351
(n2-caspase & [ [ %R N VIG5 & 40 i A8
FEPEFET= . R 40 K S 1 Bl A A 2 58 B
TR 7 A PR R RO BRSO R T
20 i S5 IS Shaker-25 H Ak 34006 1 40 1) 4% 3 8 K 3l
SR G I I W { P s O 118 e i ) 1 K 7
PM H" -ATPase I £ F+ = 6 6% v /> £8 JBk 38 T AH )
200 60 S5 1 2 A A AR L DI e 2 K g 2 A Ak
WG RPN P RN . HR L A T R
i AR RN K s M e A HE . TR
L Ca’ ) KT —FE, th n] A3 R0 7 240 i 35 8 1 LA

5 B WS K s b Ak s oA T o AR AR A M RE 4
Fa U A0 L SRR AT il Ay BH B 2R A 400 i £ 1L K
Bl 7 38 3 5 T 2R AR R Ui AR B AR kSR S HEAE 7K
4y 5 SO AE P A R Y o AR oy A
fEHERY Ca® KR K 43 =5 B A5 B AR A% 5 ] b 1= 35
A3 AT R S Ca® il Ca® ' il i sl R
P FH B 38 T8 R AR ] i T A S L 5 5 AL G
WK AR R A Ca® R A A R B
W5 % R A 0T BB R e A I s
Ca®" /H" #5i2{KFl Ca®" -ATPase ¥ i it Ca*" ¥ iz
1) 48 % S At 4 A 2% L DT 4R R BT Ca”™ Ak AR
FEAKF L RS Y B BT 5T 45 R oK L 7 PEG
5 Mannitol it T . JU 5 A K 2 5 Fh XZ5 BLER Y
K e B R T8RS b 2009, [ i O /) 9t 52 780 oK
2 n FPAR A i Ca® PN I B SR, B b R R
FrogsisE 25, xRk Gt g 5 < 4L Ca®" VKT
IR A R R L PR R PR K G

Yikf Ca®" KT FHAYRE 3 . HH TS = T
EhaiES AR AP AL Ca® KT FEE LKL



%1

TR A T 7 A 20 X i A R S B T U A 23

B AL 64 I 5T

WA (Pinus tabulae formis Carriere) 2 # + &
J K A DR A IS L S Al A BE AR T2 AR A L T R
TRE T S8 AN (Pinus tabulae formis f. shekanensis
yao et Hsu) & & B 73 A7 T B 74 & B K 2 F 8
M X % B 3T 1 45 AT 23 28 BT T AR 300 £ hm?,
Liu S0 00 FOaf i g il b A8l ORI 2 R T
MR BRSO AR B BV KR R TS B
B R 2 5 R R AR R HEA
PRI . B AT X S A% 1 BIF5E 2R TP e 43 K
0L VG 2 R s A Z R B B R A
PP AT SR B = o P AR BESE LA 1 4R A il i
5O G E I A LU RE ST T R XS 2 B
MABARFIAE K (Ca® B R MR R R A K,
Ca®" Ji B B2 U K Ca® ' P4 1 £ 48 7
2 TR AR 4 i % 5 30 00 e R 22 S 0T O SERA Y
BRSEARAEIBIES.

I R RS DR

1.1 Y+ eiE s S b8

2015 4F 1 0 B 2R [ AE 22 b K K5 M A9 3l #
(P. tabuli formis) 5 PR P4 2 22 15 SOl JRy A 5 Ak
Y K3 5 16 B9 42 ¥ (P. tabulae formis {. shekanen-
SO TE TEE® (7 em X7 em X5 ecm) BAE
WY BB SRR A 5 RLAP T BE BN VORI
VUgEfD=1: 2, FBrAENICRMKBECR =R E N
BEAT » 58 W08 K DA 1 R R L Ry 4l i R 2 AR AR
Ja B BE 2 I 1/2Hoagland 58 428 JR 1 B35 FR 6K
BEUCBE 20 mLL SR AT B ARG IR L IR 4 W 78 23~ 25
TS AXREE 35% ~4500, L H 5 N H ., &
R — BRI 3 4155 1 8 A58 2 ok (20
mL/ 8 Cif B2 L 56 2 HNER 15 RIFIR A BeK (L
BT S BE) L5 3 4UNER 1 RIT IR A BEK (R
R . 28 Gao UV AR Y AT A AT
Wi K Ab P (06-01—06-22) , 3 NI FESE 21 K b
A 09:00 G— KA. AE AR T 5 Ak P A
B 7 d Zr BN 3 AL E H B P AR 5 IR R
FE il OF T4 1 ALFN5E 2 41, Rk b 3 5 o ORE 24 7
BEK ) 5 HE K 2521 R 0 IR A I
56 J00 1) 1) P-4 - 5% K iR 34017 06 .5 2 LGRS 3
LA R0 25 o B 1 4 K 4y 5 220 6904 AN
10. 84 %,
L2 REHE
L2.1 A.vtaxp KW Ca 4Eag K Cd

T E 2 8 Chen 550 19 J7 i AR b #E 80 °C
BEAA P AT IS5 1 mm G5 KB FRAE 0. 1~0. 2 g #%
mns M H, SO -H, O, . €A £ 50 mL, R
T3 966 11 (Perkin-Elmer 2280, USA) il &
ML K [Ca’' Fit,
2.2 MK BFRMZ FHIE RO AR
(non-invasive micro-testtechnique, NMT; NMT-YG-
100, Younger USALLC, Amherst, MA01002,USA)
MR KT (Ca® ' i .

(I RE S ME S . B 20 mm KR B, 2218
JK e 2 T JE A R AR I R P A 20 min, KK
Z< 9 i W & 0. 1 mmol/L NaCl, 0. 1 mmol/L
MgCl, ,0. 1 mmol/L CaCl, 1 0. 5 mmol/L KCI, ]
HCLFl NaOH ##75 pH £ 5. 7; Ca*" MK & 0. 1
mmol/LL NaCl, 0. 1 mmol/L MgCl,, 0. 2 mmol/L
CaCl, #1 0.5 mmol/L KCI, A HCI #1 KOH =% JH §i§
P9 pH 2 6.0, B PP M H & SR ES
M Sun &5 7k

DOREETRNE. FHZE. FRERT
10 el 3 e 00 3008 v, I 1] T B 7% TR A FH A Bz
R - 0 P A P A 9 A R B 0 AR DR Y B
WAL . FEBAMRIE 200~2 000 pm Ab % 200 pm %
LA o i ot 9 /NI o A A 0 A S N SR
T E Y 2~ 3 min, B 2R E 1B .
B Ay B A DN 7 B B TR L AR R
5~7 1, FH ASET %44 (ASET 2.0 Sciencewares,
Falmouth, MA 02540, USA) il iFluxes # {4 (Youn-
ger USALLC, Amherst, MA 01002, USA) #4728 4%
BRI TAL 3 | H A = A Ao o) N S BN A SR R
149 2 e 1
1.2.3 BFH#zHNLETRRSE F RO T

Py TR RIS R RN ) SEN 0 Rl R VAR B VY i F NG

SR T 500 pmol /L i H ™ -ATP i i 77 J5 AL AR
£ ( sodium orthovanadate, Vanadate) i 4b ¥ 50
min, Ji] 20 mmol/L J5i & K 3 18 41 1 71 %01k 14 &
(tetraethylammonium, TEA) i £t ¥ 30 min. i 1
mmol/L B Ca*" 5l i 1)) #l 57 = & 1L £L (Gadolini-
um chloride, GACL) &b # 1 h i 5 pmol/L Jit Jii
Ca®" -ATP 30 1 77 (Eosin-Y) FAL B 1 h, Z J5
WK ws Ca .
1.3 HESH

K AL SRR A A AR AL MageFlux {4 (ht-
tp://xuyue. net/mageflux) 31 5 B T % 19 M 3 81
P, Hop R (R R m FHE 1AM, UE RS B TN



24 PE JEAMB R 722 4R CB AR B 4 O

46

T » A 1 0 B U A5 1 85 A R o S U L B
WG AN Z A

PRI KHE 43 Hr R A SPSS 13,0 Ge i 34 b 3
FH AR & J5 2 43 T Coneway-ANOVA) J5 i K 16 A
[ b B R & 46 bR 19 22 53 2 35 M, A Duncan’s 3647
25 WM (P<<0.05) Z & ., A Origin 9 4
2

2 AR5

FEBEMNHRSERR . HFHLR K [ Ca
MEWF M

JnsE Xy K Ca® iy Wil R R 5 55 i e 7,
I RAEY PP T 20 A Ok 2z —, £ 1
* 1

2.1

Table 1

IR AR IEAT T R0 A B BRAA T s
SeRaAR A B ) KT E Rt Ca®t R TR
25T S0 AL B 2 R AR 2 4L
K" Ca® HigmA R E; ARsd KT 2hia
SIS L2 FRAAREAR (2L KT Ca™ i g IR
0] T 5 Iy 3 Ah N 0/ s LS U R R A
AN B M AR LR KT S8 o X IR 71, 4 % F0
45, 8% BERA N X IREY 57, 1 Y0 F1 42, 2% s IhAMAR L1
o Ca?" FrEE A IR 71, 0% F1 69. 796, SE A %t
W 37. 8% 1 51.6% . FiR&s RFH, FEK o ] T
B S imAA X KT Ca® i B R AR B ok T L
Py U HZAR .

FEPEIHRSEMRIR HARSD K Ca RENHMN

Effect of drought stress on concentrations of K and Ca®" in root and leaf tissues of

Pinus tabulae formis and Pinus tabulae formis {. shekanensis
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Fig. 1 Effect of short-term and long-term droughl stresses on K" fluxes and Ca®" fluxes of

Pinus tabulae formis and Pinus tabulae formis {. shekanensis
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Pinus tabulae formis {. shekanensis in short-term and long-term drought stresses
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