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FALRGMEZIE . (3) B R W] B PR MR SP & CAT Il POD ¥ MRS AT/ R e LR 4)
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Effects of different soil selenium levels on growth and
partial physiological characteristics of Atractylodes
macrocephala seedlings
ZHANG Meide', WU Haitang', ZHANG Yajuan®, LI Darong',

XIONG Linke', DUAN Yuanyuan', ZHOU Wuxian'"

(1. Institute of Chinese Herbal Medicines, Hubei Academy of Agricultural Sciences, Enshi 445000, Hubei, China; 2. Enshi
Tujia and Miao Autonomous Prefecture of Agriculture and Rural Bureau, Enshi 445000, Hubei, China )

Abstract; Although selenium (Se) has not been considered an essential element for higher plants, but moderate Se
plays an important role in promoting plant growth. Therefore, it is of great significance to learn the roles and underlying

mechanism of Se in regulating the growth of Atractylodes macrocephala. In this study, a pot experiment was conducted to
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explore the comprehensive effects of different Se treatments (0, 5, 10, 25, 50, 100 milligram Se per kilogram air-dry

soil) on growth of A. macrocephala seedlings. The results were as follows: (1) 5 mg + kg Se treatment increased the

fresh weight, leaf SPAD value (soil and plant analyzer development value) and leaf soluble sugar (SS) content of

A. macrocephala seedlings by 8.8% , 8.4% and 60.3%, respectively; While decreased the leaf soluble protein (SP) and

malondialdehyde (MDA) contents by 32.1% and 18.9% respectively, as well as depressed the activities of peroxidase

(POD) and catalase( CAT) , compared with the control. (2) Treatments of Se >25 mg - kg™ were not beneficial to the

growth of A. macrocephala seedlings, resulting in a significant increase in MDA and superoxide anion radical ( -0, )

content, which destroyed the antioxidant system. (3) Principal component analysis showed that fresh weight, plant

height, leaf SP content and activities of CAT and POD could be defined as critical indexes to learn the growth condition

of A. macrocephala seedlings. In conclusion, the appropriate soil Se levels could significantly promote the growth of

A. macrocephala seedlings, and 5 mg + kg™ soil Se level was the optimum. Application of appropriate Se to the soil could

be beneficial for efficient breeding and industrial production of A. macrocephala.

Key words: selenium, Atractylodes macrocephala, growth, morphological characteristics, antioxidant system

il ( selenium ) ZAHY)IE LT E IR TR, HXHHE
P9 A R BLAT 2 B s iV P 3 Ao 02 2 sl 4 il 4
FH 32 SR T A AR PN G 3R VR B Y R, — i
T, R B A A0 A M) A 10 A e e A DU
SR A P B AR KOF AR T E AR (BB,
2019) , iR AT LASE A D S 1R T, EEE
A FEAB A -4 3R 0 L, B i 2R A B R R 52
(2T 55,2019) , HEAM, T 2R 8 224 16 1 4R
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T PR ST AR, HCAE A 0 A oA % T 0 T X 9
R GEh G S BT B AE T, AT AT LA 42
A X 3 4 B R BLAE 7 (Williams et al., 2009)
BATBAESS (2019) B AT 5T 3 WA v 2 60 ] 41 i 3 e
LLAZ M40 B A=K T v e B8 G D 7 £ 7™ i 40 o 4
FH LG e i bk vy, ) 4 DB Y e, R A
(2021a) FYAITFE R B3 ‘R B2 1) SRR 7T 2L 5 Ak 1
AR B A W S DA T AR E R B AR K, E PSR
(2021) WO BF9E R WY, 38 = 09 A AT DA 2 25 44 1 A=
K REmAT R T AT R 2 & i, Zhu 55
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i BT, SR BT B T R R 2 B R Y
i, TR B 15 38 S0 il BN 55 A0 2
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ZAEERAKEY), & — i RS R 2k, IR 25
AZ, FAMG S IR A K | T2 R S5 T RE (24
#—K,2020) , H FEZHOR S AR | AA EEF
FIRMAERSF B AR (Li et al., 2012) £ RAE
(Li et al., 2007) . Pr5E4E ( Huang et al., 2006 ) AL
Jif983 (Wen et al., 2010) 25461, fEFRE, FIARAEH

HIRHOT M, [ AR R O R A, AT
VY] B R 55, D) BT 9 6 X P R 2R K R S e HL A
O, FARLE(2019) BYAFIT 28 W35 & vk 2 1Y
BRI AT LAGE 2 1 AR -1 &, HL i T8 i ik
HEAGIE AT DAAR #E R Gy AR K, R B A
(2020) [R5 2% BH it 16 M8 i 35 5t A9 A3 A AT DA g 3
P R I 7 1, O 15 AR PR 4 8 4 57 e &
i, Zhou 4 (2021) BT 2% BH i 1 W i 15 £ A AT
Al LS B AR R R A7 TG A= IF s AR R
TR AR, DA OB oY S AR R T I T
it A AT P AR A R 5 e T A i A A X 1R 7
R BRSO AT ST AT A LA, PR, AR BT
T 3 1A AN [ R 1 A A Ah B R RN [ A A
HOEXRT ARG AR & B B, b R ) = AL
P B F S BBl AR A R 4

1 #HEF*

1.1 X3 #F 4

HAR T 2019 4F 11 H RE T WAL H R+
BNk £ 22 7% K (108°54'51" E, 29°53'05" N,
M4k 832 m) , AN R S fifi R 8 ( Na, SeO, , 4341
afi) 0 H LRV A= e A BR A R,k 4+
FERRIEVE S 1R & T 0 56 5 S A ), 19 R A6 At
Y SEASPE T WL 1, I8 BT A v 4 R 32 Lo
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Table 1  Basic chemical properties of the loam and coconut coir
AR B B3 AL B B 2 AR A Y L
Cultivation pH TC oM TN TP TK AN AP AK
substrate (%) (g-kg')  (g-ks') (g-kg') (s-kg') (mg-kg') (mg-kg') (mg-kg')
e+ Loam 6.71 — 45.43 2.64 0.49 14.44 102.8 7.06 29.0
HEHE Coconut coir  5.10 41.55 — 9.63 0.39 1.42 102.4 79.84 4553.5

i TC. &xfk; OM. AHLS; TN, 24 ; TP. &8, TK. 24 ; AN. B AP. B, AK. HAH
Note: TC. Total carbon; OM. Organic matter; TN. Total nitrogen; TP. Total phosphorus; TK. Total potassium; AN. Alkali-hydrolyzale

nitrogen; AP. Available phosphorus; AK. Available potassium.

A5 T il 25 ROM v 6 AT 498 A R R e A
11 T IRAEENA RN E LR, AARE
FRET AT VG KR 2 h, 2 5 75% 9K 1 345 4
FE 1 min, 2208 K Ve T4 5 FH 3% WS R B4 = i
THEE 10 min HIEVET ¥, fe )5 FHZR IR KIETE 3 ~ 4
BT, A3 6 FhAS [R) ) A S5 A Ak B
0.5.10.25.50 100 mg - kg™ o K il 175 % ) K o,
TRk A 5 B FE 2 A7, % BE A A5 R B 28 18 K
OB W, B AL T 4 A BT B R A
FESWAE T & W &b, 8RR A K
1O AR, PR AFEE BTN BB KR
PR L1 AR 47 RS A 2 2 A O [ A ok 5 o
wh B AR e THGEE 1/4 Hoagland ™ s & F2, TR
P AR R AT H W AKE B 0 AR 4
0.7.14 21 .28 d Bl & 2 i 2 846 05, |5 —IK
N 56 0 AT B R 1 RS | A i b RN M T
T, O BY B e A BURE A% P 0 A 0
A BEAE AR,

1.3 $IEHRNE R F %

G A RIS PRI E B RRS RE 7 d BRI
AR BE AR Ll 0 T R R (25 LR
FNZERMKE) , I A #E X F R S R AL (TYS-
A, WITTHGE 2 BB A A7 FR 2 =) DU v 5 i
ERFE AN (SPAD fH) . WA R EH A AR
BHR Y, FH 28 A8 K b vk v, WK 4R T 3 1T K
g3, IWZEFEIR BT WT 8 R S 43 o M R0 R
a7, RT3 2 — L KRR R 4 4 4
fif 7, G = M [ T AR

Pr A AL R GE A A8 bR 0 I S IR g U
(2016) A FE W i ds A PR S0 B0 48 ) R AT, R
FHER SIS 00 2 Ak AU ( CAT) 36 1, LATE R
FELAF T B min B Dy, 08/ 0.1 B A 1

A~ CAT 36 PE BT SR FH Sigma 15 I % 2o 4801k 40 il
(POD) , ATERLE 26 44 T B min N 512 D, 3 0
0.1 FEEE R 14> POD W& MR SR AR I L %
PR 10 %€ 9 8% ( malondialdehyde , MDA ) & & ; %
H G-250 % B Hr 5% dE i n] ¥ 1k 5 A (soluble
protein, SP ) % & >R BB 15 0 2 1T % PR OB
(soluble sugar,SS) 7 1 ; R FH A 22 DU 280 M4 W 30 Jist vk
AR A b - 0,7) & (B IS,
2017) .
1.4 4018

Z R IE4F (2019) 1977 36315 R 4y e x
ANTR) il A 3% A 3 AR A W 48 2K ( physiological
growth response index, PGRI) DA S A~ [m] i &b £ Xt
AL A A K W ZR5300 ( combined effect, CE)

IR 56 B0 HE K FH Excel 2016 B4 347 4034, i A
SPSS 20. 0 #¢ 4 i# 47 4t it A1 4 Hr, [ One way
ANOVA #4777 2253 1, | Ducan ¥ (a=0.05) i
TTLE LB, H Pearson 5 JEAT AH 3¢ % 20 B 5 {8
Origin 8.5 i &1 ; & 3% rb %4 289 01 7 20 = b 4
(TE=E-

2 HER G

2.1 AEWAIEXT B AR L& ESFERM F SPAD
(EESEA)

1 0] LUE H BT R Sy i AR R R
K, I v AR R e B D o ) I 5 i Ak 3
WBER 5 mg - kg™ B AR 41 A bk i R0 AR A 34 B
KOE 1) . E 2 ATLUE A [FA0 Ak 3k B Ab 34
THEARG S I SE bR = AT SPAD (i Y Bl B[]
AN BT BRI R R B
G A BT &y P i R 0 AR A A — S RS T 45 PR 8
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FIG AL PR B 5 mg - kg I, 4 A0 R R
B B K, 5T REAH LU 38 R 5301 R 4.3% 1 9.1% , 4
fiff b Bk B i 25 mg « kg BF, AR & KRN
-5 3 250 T 0 B i A P 6 B 55 21 100 mg - kg
B PR R 5 Fe /0N, B R 530 R 15.3% 11 21.2%
Tl b B BE K 5 mg - kg I, 4 ARk B, &
X REAR LG 22 e e 2 3R 7.7 %, Y Ak B v

5mg-kg’!

0 mg-kg!

el
10 mg-kg

JEEIE 25 mg - kg B, R &) i 00 bR 5 B R R
A TR E K 2] 100 mg - kg IR R B, M
18.8% , SPAD {H /75 fb e # 5 bR w25 L, 1l 4k
PEYEE N 5 mg - kg I SPAD 18 &5, 5 % B AH 1L
HEWE g 8.4% , 4l b BV FE R o 25 mg - kg B,
SPAD {H 5 BT a3, FE v B2 - 100 mg - kg
B SPAD E A% , 15 XF FRAH LE % ok 13.6%

25mg-kg! S50mgkg! 100 mg-kg'

U NG (S DONS R NN RE R SR

Fig. 1

2.2 AEMBAE ARG EENMENF T

M 3 AT LUE 1, A Rl AR R R %)
Wi ARG LR TR S, 5 mg
kg ' AbFEREEE 5 0,10 mg - kg AbBEAH L TC W 3
25 MR FE S T HMA LM (E2), 510,25
mg - kg AAL B b S S 0 EAE B G B 3
225,50 .100 mg - kg Hb I 56 5 5 IR T X R
5%} HRAH LE R 43 51~ 24.3% F1 50.0%, 5 mg -
leg™ M AL BR AR R 40 1 b T S A T ko R b
FEWE N 15.4% ,50 (100 mg - kg™ P>l b P12 51K
Fxf R IR A 0 19.29% F11 38.5% , 10 .25 mg -
kg /MG Ah B b T S £ R HEOAH R G I
25,
23 AEMELEN ARG EMEN RER T

ME 4 7] AFEE, ANE LB LIS mg *
kg G Ak A R Sy M R CAT I 1 5 1%, 100

Effects of different Se treatments on the growth of Atractylodes macrocephala seedlings

mg - kg Al b B i g, LS5 BR AL BEURE L 44k 31 I
FEMEZER 10,25 .50 mg - kg Al AL B 5 IR A L
TR EER, 5 mg - kg WP ARG MR
POD 3 P4 i K F X REAL B 100 mg - ke il 4b B
B ARG B POD 1 1 8 3% 1 X B Ak 2, H
A S XA LT R EES, BECRE, A
[F] v B2 G Ak LAY (LR 47 ¥ CAT 5 POD i P22 1k
BHFEARMF, ARG TR - 0, & ik
T ) 188 0 JE A S B L T A R, Ho
5.10.25 mg - kg WAL B ARG A - 0,7
T 50 B A LA B 3 M 25 R, 50,100
mg - kg_lﬂ‘fiufﬁtpﬂ/ﬂ -0, FERER T X
AbF

i 5 T A 3R B 0 T v, IR Sl R b SS
i IS 05 v R A Sl vk R AR #) 10
mg - kg B, FIAR S E M R SS & & AR, M 29.9
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Fig. 2 Morphological characteristics and leaf SPAD values of Atractylodes macrocephala

seedlings in different growth stages under different Se treatments
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Fig. 3 Effects of different Se treatments on fresh weight of Atractylodes macrocephala seedlings

mg - ¢ AH LT X IS R 72.0% , Bl AL B
WREE BRI IN, RS ET I Forp SP O & B b
S Y T B4 B FE AT AL BRR A 100 mg - kg A
HARL M RSP &t , b 14.2 mg - ¢ ML
TXFHRIE N T 73.7%,10.25 .50 mg - kg™ fiff kb #

) SP SRS MAEMMIL LR EEER, S
mg - kg AL PR ARG E T A SP i R B E T

RS &

WO 5.57 mg - g, AL TS RE R IR R

32.1% o AN[R)HBEAN AL BETE] AR 5 v - MDA 5
BLRFMEES (K 4),
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Fig. 4 Effects of different Se treatments on antioxidant system of Atractylodes macrocephala seedlings

24 AEMELEN ARG BEEEERKNESYA

H TR ARE 6 & Rt R A Y i 23 (1
AL A ROR I B 3 B 2R R AR B 5 3k R
K M58 Bk SPAD (B LA K &% 5 AF Ry PEA 4P U8
A% A 4l B A K B A R dR bR, N 2 T
DA, AS TR Ak B8 T F AR &l i 2k B A K ) 4
U (PGRI) £77E 22 53 5 AS [A] 4l Ak B X 14 A 4 1 A=
K EEERON (CE) WARTE 3 25 7 o MRl XF
FIAR L AR 3R K CE il R BN/MER 5 mg -

kg'(0.336)>10 mg - kg' (0.013) >25 mg - kg
(-0.370)>50 mg - kg’ (-0.672) >100 mg - kg
(—1.141) , B# &AL B B () F+ &, CE {H 2 B
SeHmE TR IFLLS me - ke il b 2 X
FIUAR 2 A R 28 50 B A, 2 Ak 38 e 32
it 25 mg - kg B, R 4B A K R B E
W
2.5 BARZY & A A KIEARIIEC S ARl PCA 934
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Table 2 Comprehensive effects of different Se treatments on the morphological and physiological
characteristics of Atractylodes macrocephala seedlings
A 3 A R R 5
R PGRI LR
Se concentration CE
(mg - kg') RS 5 3 T2 2 A 5 fief T
Leaf length Leaf width Plant height SPAD value Fresh weight
5 0.040 0.070 0.068 0.077 0.081 0.336
10 0.007 0.002 0.078 -0.053 -0.021 0.013
25 -0.110 -0.130 0.009 -0.064 -0.075 -0.370
50 -0.122 -0.167 -0.070 -0.088 -0.225 -0.672
100 -0.145 -0.205 -0.191 -0.136 -0.464 -1.141
®3 BARAYHEEEBERNEXES T
Table 3 Correlation analysis of physiological indexes of Atractylodes macrocephala seedlings
o
g SPAD CAT POD ss sp MDA -0,
Index
SPAD 1
CAT -0.653 ™ 1
POD -0.767"" 0.754™ 1
SS 0.343 -0.394 -0.225 1
SP -0.780"" 0.901™ 0.832" -0.357 1
MDA -0.180 0.413" 0.592" 0.100 0.455" 1
- 0,7 -0.489" 0.446" 0.439" 0.119 0.594 ™ 0.167 1

TR A3 RFRARAE 0.05 F10.01 K B2

Note :

MSPEREMBENMLLR, 5 -0, &R
FMAE; CAT 1 PE 5 POD % PE Al SP & & 2 1)
BEFEMELR, 5 MDA F&M - 0, &R B F
IEAHIE; POD {i P 5 SP & & & MDA % &= 2l i
FEMEXER,H -0, B FIEMHKE;SP & &
5 MDA FREEBFEMXXLR, 50, 8K
WEIEASE, U AR AR Shi Ak
ARG FEEFVIZR

WS AT LVE 5 —HEF 4l (PCAL) B T A8
MY 64.6%, 55 —HEJF i (PCA2) i B T A8 & 1Y
15.4% , Fii P4~ HE Sl 2R B T AR R0 80.0% .
fif 75 Bk 5  SAPD {H . SP . CAT #l POD 4 5 PCAl
WFEAMI,SS A - 0,75 PCA2 WEH K, XEM
fef 5§ Mk  SAPD fH . SP . CAT FI POD 45 0] {E Jy JX
W AR & P A HLAE K ) B E S AR, AN, AN

“and ™ indicate significant differences at 0.05 and 0.01 levels, respectively.

AL PR 21 PCA 4 Th AUAE A5 20 BOR 4, K1
AL TR T ARG B B A4 3 A KRR 2 R

3 b

3.1 WXt A R4 K FSE & KR

REZ MR R WY A K AT B A
8RR RO, S AT v B AR 7 v e B A o) ) B
4 (Schiavon et al., 2017 ;Zhou et al., 2021) , A#f
FAER DR AL (5 mg - kg ) X EHA
2y i B DL N bR s 2 BT R 3 A R
IE—E TR B3N T FOR 4 i SR W T
Y AT AR B (=25 mg - kg ) WM AR 4
B B A R B AR, X 5 A IR A X
# ) ( Hawrylak et al., 2015) (/N7 (32 5% 2 %%
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Fig. 5 PCA ordination of factors affecting the growth of
Atractylodes macrocephala seedlings

2021) LR 482 (R 5E 45 ,2021b) SEEW A K
B (O AF 5% 285 AR, 10 WA AT e ) 4 0o 3 et
AINIE it B 412 0F 1 4 AR K G Al B R JF & o T
B, MR R R IR A E M EZEY R, [
-, A A E A7 B VR % R i e 1 S Atk (4
NGBS 2019) , Hof R AR S I WA ) 7 7R R T
FOGA BE 77 1 1 ZE A S AR (8 25 45 ,2020) , AR
WF5% 2 B, G Ab BRI E R 5 mg - kg B, AR 40
- SPAD {B 5 i , Bt 25 6 Ak 2 3¢ B8 4 384 Jin SPAD
{EL M TR, S Al b BEVR R 100 mg - kg B,
ARGHTE 1 SPAD (B 5 AIG, 06 BA Ik B i) A 4k 2
(5 mg - kg") AT AR ARG O AVER i =
VB (AL 3 ( =25 mg - ke ) ISR IR 41 1
AR AR HIEH
32 WXt AARGEREN RSN

CAT F1 POD ¥ Wik Nt E ALl R Ge ) &

LR, AT LA R ) A0 i TR o o SR AR s i A
Bl R ) GR35 B 38 (4% 87 R 45,2016 ) . CAT &
FAFAE T ALY A - A 2 (A R P o o o, S it
A ALY 0 b Bl LA R B A AL SR
K :2H,0,— 0,+ 2H,0, 1 AR N iy it Ak A,
LA LS 2 H, 0, 1Y 35 3 2 AR W B AR &R Y ¢
Bz —, POD J VZAFLE TR R, 206 M8
1o Y — AR R S PR AE T O G R T L B AR
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