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Abstract [ Objective ] Drought stress seriously affects the yield and quality of medicinal plants. This study
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aims to reveal the physiological mechanism of exogenous calcium in alleviating drought-induced damage in
Platycodon grandifloras, which can provide a basis for using exogenous calcium to improve drought re-
sistance and medicinal quality of P. grandiflorus in arid and semi-arid area. [ Methods] With P. grandi-
florus seedlings as materials, a pot experiment was conducted to explore the effects of exogenous calcium
on the growth, photosynthetic gas exchange parameters, antioxidant enzyme activity, and medicinal quali-
ty of P. grandiflorus seedlings under drought stress by foliar spraying of 10 mmol/L CaCl,. [Results]
(1) Exogenous calcium significantly increased root length and dry and fresh biomass of P. grandiflorus
under drought stress. It significantly increased the stomatal aperture, chlorophyll a content, total chloro-
phyll content, carotenoid content, net photosynthetic rate, stomatal conductance, and transpiration rate
by 30.28% ., 57.67% ., 44.44%, 100.33%, 89.53% ., 60.00% » and 83. 11%, respectively, in P. grandi-
florus leaves under drought stress. (2) Exogenous calcium effectively reduced the content of malondialde-
hyde and hydrogen peroxide in P. grandiflorus leaves under drought stress, which was significantly re-
duced by 13. 82% and 18. 66% , respectively, compared to drought stress. Exogenous calcium increased
the superoxide dismutase, superoxide dismutase, and catalase activities in P. grandiflorus leaves by
25.43%, 7.90%, and 33.92% , respectively, and also increased the soluble protein content in roots com-
pared with drought stress. (3) Exogenous calcium significantly increased the levels of latycodin-D, poly-
saccharides, total flavonoids, and free amino acids in P. grandiflorus roots by 35. 34%, 34. 87%,
4.19%, and 6.52%, respectively, under normal conditions. Under drought stress, the levels were signifi-
cantly increased by 10.94%, 7.53%, 6.07%, and 5. 78% , respectively. (4) N, P, K, Ca, Cu, and Mn
contents in the aboveground and underground parts of P. grandiflorus were significantly reduced under
drought stress, while they were increased to varying degrees under exogenous calcium treatment.
[ Conclusion | Spraying 10 mmol/L CaCl, could enhance the antioxidant system activity and osmotic regula-
tion ability in P. grandiflorus leaves in arid environment, increase the content of photosynthetic pig-
ments and photosynthetic performance, synergistically promote the accumulation of secondary metabolites
and mineral elements, improve the quality of medicinal parts, and alleviate the damage of P. grandiflo-
rus seedlings under drought stress.
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The same as below.

Fig. 1 Effects of exogenous calcium on stomatal aperture of P. grandiflorus leaves under drought stress
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Table 1 Effects of exogenous calcium on the chlorophyll content and gas-exchange parameters
in P. grandiflorus seedlings under drought stress (n=3)
b3 ”fﬁ?aé‘% ”fﬁ‘?b/&i% B E SR %W%l\?ﬁ%
Treatment Chlorophyll a Chlorophyll b Total chlorophyll Carotenoid content/
content/(mg/g) content/(mg/g) content/(mg/g) (mg/g)
CK 0.82-+0.003b 0.2640.021a 1.09+0.022¢ 0.23+0.011b
DS 0.6040.004c 0.21+0.009b 0.814+0.012d 0.15-£0.005¢
Ca 0.95+0.001a 0.27740.011a 1.2240.011a 0.34740.009a
DS+Ca 0.9440.008a 0.23+0.020b 1.1740.011b 0.35740.008a

AP Treatment

P“/[‘umol/(m2

. 5) ]

C;/(pmol/mol)

G./[mol/(m* « &)]

T,/[mmol/(m” + s)]

CK 7.524+0. 14b
DS 4,01£0. 15¢
Ca 8.8940.13a
DS+ Ca 7.60+0.13b

224.42%x5.17b
249.63+£3.90a
207.80+6. 70c

209.20+6. 03¢

0.1420. 06¢
0.10£0.02d
0.21+0.07a

0.16=0.01b

2.3040. 12¢
1.5440.07d
3.59+0. 04a

2.8240.06b

AT NG F 0 F R AR 7R 0. 05 KF£ER B (P<<0.05) ., FH.

Note: Different lowercase letters within the same column indicate significant difference among treatments at the 0. 05 level (P <C0. 05).

The same as below.
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Table 2 Effects of exogenous calcium on the individual biomass of P. grandiflorus seedling under drought stress

b 3 Shoot/g

R Root/g

ik 3 Rooﬁﬁll;l th
Treatment /Cmg i o T fitf 5 12 T
Fresh biomass Dry biomass Fresh biomass Dry biomass
CK 6.1240.03a 5.9940. 27a 1.03%0. 10a 6.4440. 42a 0.68+0.05a
DS 4,204+0. 31c 2.32+0. l4c 0.3840.03c 2.50£0.12¢ 0.24-+0.01d
Ca 5.91+0. 20a 5.71+0. 22a 0.93740.07a 6.18+0. 44a 0.56=+0. 04b
DS+ Ca 4.904£0. 30b 3.89+0.31b 0.64+0.04b 3.85+0. 25b 0.4240.03c
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Table 3 Effects of exogenous calcium on physiological indicators of stress resistance in leaves of
P. grandiflorus seedlings under drought stress (n=3)
b3 Womas A ES R MEmREE  AREEAEE SOD 7% 1 CAT 1 POD i ¥4
Treatment MDA content H, 0O, content Proline content Soluble protein SOD activity CAT activity POD activity
< /(nmol/g) /(umol/g) /(pg/g) content/(mg/g) /(U/g) /(U/g) /(U/g)
CK 10.68+0. 17c 42.4742.63c 15.09=£1. 28b 7.8640. 15¢ 205.62+9. 74c 63.11£5.07d 146.1747.13¢
DS 14.98+0. 24a 80.93+3.03a 23.8843. 26a 9.9340. 60b 253.22+8.45b 74.83+2. 76¢c 154.7444.75b
Ca 9.2240.49d  42.19+4.80c  15.01+1.39b  9.200.12b  220.74+4.45¢  80.527.98b  140.2943. 28¢
DS+ Ca 12.91+£0.12b 65.83+3.45b 23.81%2.13a 11.04=+£0. 50a 317.61+7.83a 100.21+4. 16a 166.9645.91a
B RS AR Asp 1.5
[ [ R 1.0 127
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B B ano 0 ol b !
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Fig. 2

Effects of exogenous calcium on the amino acid contents in roots of

P. grandiflorus seedlings under drought stress



4 44 TR 2E 28 A5 ARG N T R A8 T A A 4 i A SR A 2 R T Y S 557
1.8¢ w16 407
a g a b
1.6+ —F— b = 14 ¢ = _I_ =357 b _ia_
%’31.4- d c _I_ _—“.:12. d —F— 2 3.0F P d c
o g 1.2t w S 1L £
rY #2310 = 25¢
—A 10t w3 E2
WL =5 8r # 5 2.0
e 0.8t =g 5 >
=73 e 6k L 1.5F
L3506 ~ & = -
I 04l g 4t S 1.0t
S0 3 st
02} S 2¢ 0.5¢
0 . . . ) E 0 . . . ) 0 . . . )
CK DS Ca DS+Ca A CK DS Ca DS+Ca CK DS Ca DS+Ca
AL Treatment 4L P Treatment Ab 2 Treatment
3 ARG X R0 R AN AE 4 W AR AT DL 2 R TR 5 e
Fig. 3 Effects exogenous calcium on the contents of latycodin-D, polysaccharides,

and total flavones in roots of P. grandiflorus seedlings under drought stress

2.5.3 FRRESE

FH 2% 4 AL RS A 1l R (AR LB NLP LK,
Ca.Fe.Zn.Cu.Mn & #7E DS b # F ¥4 CK 3%
REAG L B 43 31 A 26.15%6,30. 82%4,27. 56 %, 27. 87 %,
19.76%,38. 34%,18. 62% F 32. 12%; 5 CK M
He . Ca AbBEAE A R #4 K. Ca Fl Cu & & 45 &
HWINT 16, 48% .16, 87 Yo Ml 17. 02 % . i HAYH™ i
TCETEM LR EL: 5 DS A, DS+ Ca
AL BEALFE L B N, Ca,Fe,Zn,Cu,Mn 7 & 43 5l &
FWEINT 17.64%,18.37%,16. 82%,37. 87%,11. 82%
1 38.12% . P K 5 W) JC 8 % AF 1k .

]S A A |38 5 O NP Ca Cu Mn 5 fE7E

DS AbHE R 85 CK 43 ) ik 3 FEAI T 41, 76 %6, 69. 0320,
24.19%.21. 50 % F1 13. 48 % il H: Fe Zn £ 43 &k
FEFT 3.65%M19.44% K N B E: 5
CK A HL B A A b [ 3040 B K & i 7E Ca b FE T
PIREFEEE RN, B P.Ca,Zn, Mn £ & 3 iF 35 2] &
FIKF5 5 DS A FAE L. DS Ca Ak BE RS 48 4L - 36
N.P.Ca,.Fe.Zn.Cu fl Mn &M B #E FI T
44.81%,29.10%,23. 17%,1. 63%,2.16%,10. 59 %
14,552 A K S As e A 2. DL 45 SR Ui W]
T 5 bl S BORS AT M 1A LR NLPLK . Ca, Cu,
Mn & 5 34 1 25 A 10 A1 645 BE A (W] 72 3 MK 52 1+
Sl T A AR M A R R RO R

R4 HNESHTFEHETHETRTESENHN

Table 4 Effects of exogenous calcium on the content of mineral elements of P. grandi florus seedlings under drought stress (n=3)

B LK & & Content of mineral elements

B A
Part JE# Element CK DS Ca DS+ Ca
N/(mg/g) 31.8640. 74a 23.53740.61c 32.1940. 66a 27.68+0.69b
P/(mg/g) 3.18+0.07a 2.20+0.10b 3.0240. 16a 2.3440.09b
K/(mg/g) 10. 74=£0.13b 7.7840. 26¢ 12.514£0.47a 7.9740.19c¢
H T # Ca/(mg/g) 7.23+0.08b 5.284+0.04d 8.45740.09a 6.25+0.09c
Root Fe/(pg/g) 319. 45-+10. 82a 256. 34510, 27¢ 322.45+8. 25a 299. 45+ 4. 60b
Zn/(pg/g) 41.45%41. 82a 25.56+1.13c 43.52=+1.48a 35.24=+2.08b
Cu/(pg/g) 11.34-0. 88b 9.56+0.15d 13.27+1.71a 10.69+0. 31c
Mn/(pg/e) 21.45+0. 47a 14.564-0. 97b 20.89+0. 81a 20. 11+ 1. 23a
N/(mg/g) 17.05+0. 23a 9.9340. 39¢ 17.68+0.59%a 14.38+0.50b
P/(mg/g) 4,.530. 49b 2.68+0.18d 5.26+0. 45a 3.46+0. 33c
K/(mg/g) 8.4240. 27a 8.28+0. 15a 8.46740. 49a 8.29+0. 15a
M- Ca/(mg/g) 8.31+£0.17b 6.3040.18d 9.5740.11a 7.7640. 08¢
Shoot Fe/(pg/) 361.93--7. 03¢ 375.17+6. 84b 364. 3312, 66¢ 381.32-56. 86a
Zn/(pg/g) 26.97+0. 45d 30.6140.82b 28.23+0.41c 32.274+0. 66a
Cu/(pg/g) 8.42+0.12a 6.6140. 16¢ 8.46+0.19a 7.3140.23b
Mn/(pg/g) 19.06+0.72b 16.49+0. 38¢ 20.13=£0. 55a 18.89+0. 10b

TE « [ F7 A ) 5% 6 26 78 A ] Ak B 1) 22 57 . 25 (P <<0. 05).,

Note: Different lowercase letters within the same row indicate significant difference among treatments at 0. 05 level (P<C0. 05).
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3.1 MBS TFEMETHEHEREENE. BB
ATERRENLRZHEM

+ 5 e S B0 Y 1A RBURE M ROS, 41 i
PR B A B IR SR S5 L B AN L e 5 i i 48 Ak
T Kl W 40 I T 1) 45 Al R o2 K 1k R Bl AR,
MDA J& g £k 1 $5 267 4 XoF A= W 1% EL A 46 05 A
FH R4 S W 0 400 6 JE 2 403 40 P B . A G 58 P
i A MDA A1 H,O, & &7 T 2 T 87
B 2 WA R I ) 28 e A SR AR I 0 5 405 5 0 TR it
10 mmol/L CaCl, B F#EE T T 2Wra TS 40T
PSR O PR AT AR R i A ROE MR o
P R IB B PR RE L BR AR T RS A i B MDA
MH,O, & RS At E., X520
SBTFLRAH 5 mmol/L 1y Ca’™ &b ¥4 £+ ( Paeonia)
BTSSR ARl BES IR R L Cat RN
TARAE TT RETE A0 M BT N Gl AL T RAE SR E R
ARG A A PR R ST 33 5 PR 3 3K L R 8 i T 5 b 2 A
0 40 6B ) 5 S A B A PR M Az T
S0 B R N 23 A v R R B O M AR A a0 I A
T2 YRS T R T M R AR K R g SO T 4 A4
JE A J5 RIS B 1R 1) 35 325 V- A7 o AT 4 5 A B 1 K S
Sy, ARWEFE R, M E B 10 mmol/L CaCl, )5,
AR R D R A B e T A R R 3 T AT
MR A R N B, X 5 M W 10 mmol/L
Ca®' fig b FH W98 K B (Oryza sativa L) W IEVEER
a1 — 8, SRR TR AT L Wt AN R
AL R A A A R 2 B &Y I, UL ]
VEPEER 1 AT AR R 9B 0B R R R R R 1 R R 40
45 .

B8 AL SOD.POD Hil CAT fef% 35 B #t ¥y &
Wit 211 ROS. SOD 1 by 20 i 55 £ 47 1) 55 — 18 Bl
2 3 A DR i A BB B S T (O, ) ek
HEMEEEEN H, O, 11 POD B £ Ff 358 5 4 e,
THHAAE H,O, i85 H,O, 4N, POD S g 5
CAT PpRVEH . 24 CAT 778 T it AL W B 1K (per-
oxisome) Fl Z B BR 11§ 1 & (glyoxysome) H, A L1
H,O, Bk B IE#EE H,O f O,, ik — i 84
A MRS EE A RO VE RS . AREIESE hL F SR 0 R R R
it A SOD.POD fl CAT W% & F CK, X
A RE RS AE [ B R T AT S a0 S bR e
WPk LTt Brookes % 53 & ¥R, — 22 Mk B 14 455 B
i 80 A A R v 1R T SR AR B B R RO AR RS

I BR 5% 1 38 A A v e ST e P OB B
Wit Ca®' (7518 SRR Sh WK T U5 5 M %,
5 M 5 3 DR 3% 3k of 52 BB A Ak Tl O 1 5T
Pk, Ca®' {5 55 Tl i 5 CaM AR 45 0T 1) 2R
F 8 B% (calciuum-dependent protein kinases, CD-
PKs 2 CPKs) % i 5 83 14 25 45 1 8 4 F e 0
O T 5T ROS AR, £ i Bl 9 % 306 B 1Y) 3
RS AR ST & B R A R AME CaCl, kb3 A
L CAT i o B 3 7, Wl g Ca® ' 3l it
5 CaM 4557 TR b 25 ABA 55
HA T CAT M I AL SN Rk s . 5
R B, Ca® " 3 AT 38 2ok 39 5 2R 1306 0 M AR BE BT
ALY T 5 AH A 1 Bt 2R AR DLISUAR PR B 38 T 4R
PR3, oF 6 i oAl Bk BTSRRI 9T R
B W P A1 5T BE 8 1E — A0 10 A8 2Ty B i 2 1R A RT
VTR AR () I R BT A T L A
55 AL R A A T A 7 9 U 05 P S RO S R
AR AT 3 B A R RS R A B AR
3.2 HMNESMTEMETHEYEXLCRRRE
ESGfXH®mSHENEM

TR0 25 T B SR S R IR N R
JE b Y S K A A2 B AR TS BOG A 4R 32 2
w1 RE AR R, TR E TR R
B OEE ARSI SEOR A Y & BB A
WHoE T 538 A R BORE A Zh i ot R e R &
i E R, JC AR R K R F Y B R R
AR WA AR K R F L b — T 2 e
A Bl K A RO e N 2 Y, R
¥ 360 08 o S e R ) 1) O B BE s ik — 2B e A ) 1Y
ERKEEFE P, BARRBF R 5 AL R & Ak
SALBREIPIE, YY) C BRARFEIR G, ETHRI RS
FLIRMIE R E. Y C EFFB G, AR HES
FLIRMIE R £ .C B Iy 1 ok 7 i 22 W&
HOE S P RN N 3/ S Y ) B O
it P, TREIFRI N C BTG, BEIRL 3R
BT 5 B8 TR OGA R AR 2 i T AR AL BR A A
R, AR IMEE X T 5 E T RO
R IR I S5 R — 5, b, TR AR TR
A BRSSP KN ROS KFF+
A OC, T R A A Y RN ROS 2L 7% S 1E
Yy A R 7 HE AR A e 38 B T 0 R T ORE DG AR Y A R
JEH R E R G 1 B 0 1 41 4 D1 & AR
2R R A BOL A MR
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3.3 MEBXNTEMETHEYEEKTNARR
iz kAl

5 52 W 25 TR W A KB Ty R Y B B A
. B/NB%RH 10% PEG6000 B80T 5 b
RITSIMA R e B Ca®" ] DLUA & el T 2 e T
B A& (Scutellaria baicalensis Georgi) %t A K Fl2h
FE 5, v e T LS R AR . AR R BT
BT RS AR 4 AR A M b A T b b T T
AR A BRI AR T BT Y R R A T A Y
CaCl, J5Z2M# 1 LA F 48 b 1 K A1 & 3, 1k W A1 U545
RE A S8 22 fff T 53 Y AR I A L £ HE RS AR B AR I
X 5 B A U R T Fs (Pinus sylvestris var. mongol-
ica) A R L AT N 5~10 mmol/ L CaCl,
REAE E 32 W 300 1 1 s &) B 2R B B R 3 0 Ry 4
RT3,

ARWEFEH DS Ab BT RS BE 4 i AR S R R
BRI, DS+ Ca A0 3 X 1L DS b 34 E —
AR FEHIN. Ma S48 & IR 2R (Arg) BR T 78
LA N 78 24 Al A7 MLz i 20 A0 = AR A0 L iR RE 2
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R4 AR B Pro. Arg.Gly & & 8 T 5 Wy ad 4b 28
B E R, B T B P38 T AN CaCl, 7 g i 2
PERE AR AR N UB Pro. Arg. Gly 55 H AT % % V8 5 1
FH AR B B TR 1Y % i A I U R S B AR 2 )
F35 375 Y-l o DT i o AL R 1995 385 RS RE D

24 IR Wy A4 9 08 Ok AR AR P VR S v 25 1
BRI o 2 PR R 2l SR o ) ) S A
[F) IS 738 R BRI AR W R B A i h kA R
BFWAERT . ARZAFTE KB, AR A= Wy W am Cln £ ik 5a
TR VE AR R BE 0% U R A A A AR AT OC KR
PRl Ry 3 28 1T 52 e A ) Ok AR AR P R B . Tia
SR LRI TR HE SRS TN K[ Astrag-
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cus (Bunge) Hsiao |1 PN % Bl 28 i 40 1 v 5 H 5 9
I AR R BT R A S B R A D &
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