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ARGHHIRRK . ARREAFHARZ AR R 5257 (p<0.05). (EEIRB A PG FRINIKE 0.01gkg ZMEFIXHAZ AL
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Effects of exogenous Ethylene and Cobalt chloride on root growth of
Chinese fir seedling under low phosphorus stress

Abstract: By studying the effects of different concentrations of ethephon on the root morphology and physiological effects of
Chinese fir seedlings under a low-phosphorus environment, it provides a reference for revealing the internal mechanism of Chinese fir
seedlings adapting to a nutrient-stress environment. The different concentrations of ethephon (0 g / kg, 0.01 g/ kg, 0.1g / kg, 0.2g/kg,
0.4 g/ kg) and Cobalt chloride (0 g / kg, 0.01 g/kg, 0.05 g/kg, 0.1 g/kg, 0.2 g / kg) were used under normal and low-phosphorus
environments respectively. The results showed that: 1) There was significant correlation between different additives on the root length,
root surface area and root volume of Chinese fir (p < 0.05). The root length, root surface area and root volume reached a maximum
when ethephon concentration was 0.01 g /kg under normal and low-phosphorus environments, and significantly different from 0.04 g
/ kg; The root length (445.60+87.42cm), root surface area (109.64+23.54cm?2), and root volume (2.17+0.54cm3) reached a maximum
when Cobalt chloride concentration was 0.01 g / kg, and very significant difference between 0.2 g / kg (p < 0.01). Under normal
phosphorus environments, with the increase of ethephon concentration, the activity of SOD showed a decreasing trend, and the activity
of POD showed a increasing trend; while the addition of 0.01 g/ kg cobalt chloride promotes both SOD and POD under low -phosphorus
environments; There was no significant correlation between different concentrations of additives on the MDA content (p > 0.05).
Overall, exogenous ethephon induced endogenous ethylene production, but high concentrations of exogenous ethephon inhibited the
growth of roots; The low concentration of cobalt chloride relieved the inhibition of ethylene on the root system under the low

phosphorus environment, and promoted the growth of root.
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THE R B SRR & 2 KA AR e, EIB NS MRAR, VRN R KT SR EA
AR LA SR 5 R 0 B 3E R AR G I A B A A AR I A I A KR E . W SHUE R . 1E
B RIE IS I — 85, LRGS0 e T 54 O A R B A AR 2 B B b aa ) B
HuA, SEAEPIR AN B — PR R . BR T S 5REMNERKE S, 2 SR AR DU S A
CHEHIBENN, PRI Z AR AE R Y HEHUN 85 e i 78 R B AT . KERF IR, LR TE
TP Eh e TN SEME . BUR PRI PO M #R S EEAE . (HJ2, T LRI AR B RAUR Y 2 E
JERREAR, 30 A2 A E 38 358 HR R 1 AR DG I AL B AR A R ) — FE NS 2 HRTIE R BER & — e e, it
LR HTIS PV A DAL R T3 — B R .

}2K (Cunninghamia lanceolata) & F§77 B E L FUE MM A, (HETA2 AR N AR 21 L35 250 & &
VR, HAEPE RO RESEE BN KRG TERIIE I R, B SR R R R R E LA A
AR 7 TH P £ — ZR 0 P& L A8 A o (R B P e A H e 5 AN B A58 0] AR AE AL (AR R T8 R AE AR Ak
[F] B AEL A2 e P 7= 2 P TR R 1 SR A AR TR TR RIEA . Hob, ZIBTERARKRE, AR, A
SEARMITERLG, R4S 1 S DLAR B R B s th ) RS AR . B 215 510 S 077 AR el
X S EURME O TR S 5T IR R A5, EEFRALMKMT, 5 S MEUR /e & nT LAy
IR FRMK, MEY GRS IETE 28R E X B e, BEVRalS MR R s . G SRR
EREEZMERMBHARZ LAY, oI, ZEENES S TS5 ARSMEM N ER, Y
FERS I AE T A KB P 2 ) SRIURI PR P S A B R o b4k, 20 F S 28 A 4 m) o A 4 9 3R B U 7
I FH ARS8 i s = 398 A7 25088 Ak 22 AT Ve S R R R R PR, AE IR BURRAZ R AR o R A YL TR 5
TR R A s R R D % 1 P 3 T Tl v P 1

PR, AR MRE TR IR R SV AE KR E 0GR B WAEE,  E10 SRR 0 718 5 4 i
BRI R K ZE T FREVFIEETT, THF BRI N LA BRE R TR RAE KK AR, X
D AR PR 58 e AL R AT LR S TR DM S R E T, T E AT AR
& BN [F) R FEE R A2 AR HC I 1 ) B AR R R AL S S AE T, CMRTEAZ AR i LR 3 v R4 FE AL AT R
FERNRR . KBERMET, CEE NG NS0 E B G S, o0 5 e ORI AZ A P %
N OB 2 AR A B 2 AR BB (1) I Z R, BRI 2006 T LUK B 38 R A AT 2 &
AR (2 MEINEALES, FIHE B A R, (PRI EE S AL B T LA R IR R4, T
P S I A2 AR A K

G, AR SRR — KRR E ORI R, K =N RS, WB IS I G fAR
BEBEACEE, FHAEAFGEBEACE 24, 43BN 5 ANASERE 1) LRI E AL A AR EE, 3@ 3k I 5 43 5 AN [F)
WELT ARG HARRKSE . RINAFETRETEA TR, DL HOARK AR R A 0 i s P AR AE , 23
SIA RIS AL B R AR SAZARTHRBE I BE 10 R, IR CIRTEAL A KRB A 3584 3 )97 558 s Hh (R4 AL
FEALHEIS IR

1 ARSI

1.1 A&

I T 2017 £ 7 H-8 AAEMRERMASER ERMEEAT. ftalbrpovta @& s L—Ea s 1.5
AR T FE 1 B A2 ARG 32 55X &R . MRIEREHT AR 32 S XA AR AR HR AR E 7
B3E KM NAE 18em. JEEF AR 9em. Ry 22em [ [REAE FAEAR AR MROR 2230 2 KM 9 BEAT VD 55 1l 56
LAt a I 2mm SLOR KT VD N B IR I, AR S EOVRE, RV EN 4.5kg. #R¥E Hoagland &
TR KHoPO4 (35 5, Bl 2 A ARFEAEBEKT: fBE (1mmol-KH2PO4, P1) AR (Ommol- KH,PO4,
Po)o M KCI-P AR fEw A B IR K225, RRNAEEE 5 AN EE

KRM T RABBEKCE S 23N A FIAMEAC S, ZIERTE N — R, R L0 SRS S
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HIWEE, PENBSHEMER, B RIVER G SRS, ST ez RS,
5B, SACETRE (LA RN 73 R TE i, JFIl I BB 20 1 -& BT PR 24 K 5 2%
RAEH, — @R EMER C M A K A sem, DR AERE ) AR KO B Mol A A5 7 TR B A — 2 1
PERIOT . BRI, ARG 225 it S5 USR] T AN £ 0 S A Bl AL PR SRR BERR B2, 23l i 5 R EE K
B Ethephon (0g/kg. 0.01g/kg. 0.1g/kg. 02g/kg. 0.4g/kg), CoCl, (0gkg. 0.01gkg. 0.05g/kg. 0.1g/kg.
0.2g/kg), T 2017 7 A 21 BB B AR TEF, 210 7d a5 #3560 B A RIER K 2h
SEIAE FRICRIIT R, B 4d % 1 B IR, BIK 200ml.

1.2 J5e F7ik

ZIRE AR TR 16 KJg, #ATWIGE, BRI E AT BT, 73 Jyth B3 R85>, 108°CAH, 80°C
BT AR, MERARR M BT SR AR, SR PV S0E 20 I 2 R R AR 2 AN R R 2 AR S B [19].

1. 2.1 £ K

Jolp i b BRUSCSR (R 40 0 e A2 R 2P AR RIESTE bR . B UWORYIEHT A CHIIRNEE B AR R oA
WRFR) MR R EHATHE . R MERSE A/ (STD1600 Epson, USA) XHR RIEAHATHE,
iz WinRHIZO (version4.0b, Rengent Instrument Inc, Canada) R &M KGR AEXR K. R, RAEH
FEAREAT E BT o[RBT, XA AR AR R AT AR B T BUARE Cem/g): AR Ceom) /P& ()5
WRHLAZE (g/em?): TR (g MRAEM (em).

L.2.2 ¥ KM 7 EEBATA R

HERAFREN 0.1g 8 Ai/KIE VeI FIEEAR 2, B BE R ST AN o 328 FH B 0 2 B 2B ) T RE A 90 B it 1) i A4k
Ytk (Superoxide dismutase, SOD). %Yl (Peroxidase, POD) 7l &. N % (MDA) 7 &
I3 B E A ARG AR & SOD %1, POD iEPE. MDA & & .

1.2.3 9477 ik

K Microsoft Excel 2007 SEATHIEALFE, SPSS20.0 Hofhwt 1EH Lk N ARG AN 7R BE . A%
T P AL AR R0 R I 00 S I 703 B R AZ R B AR 3R T A e AR AT LR 3 0 22 40 Mo NI 3R T B 3 A8 T
H (p>0.05), MIBEATHH KT 2087 (one-way ANOVA) Al LSD £ H Lb#e, SHAabFR Al ¥E T 27 B3
PEHT (p=0.05), FT A Hdl P E AR e iR R R . SCR A IR Origing.0 234,

2 BRESH

2.1 ABEKF AN BE X AS AL 50U R 8 b BT B Z RS W 23

HE 1 R, WINCIERIRE, AEEEKSP Jas Rk B X 2 AN 2 1 28 BAE A2 AR ) i I AR 2 43 % i
1 SOD JEMH A HIAGFEEE (p<0.05) FREZEEH (p<0.01). MEBANRZKE, HEBEKTFIFAEZARREK.
R R TR A AR (1) 5 e s 235 7K, R ARZHL 235 BE Ao i A 38 5 TSR] M RR B A2 ARG . MR 3R THT
FEURRARFR ) 52 IA 2 25 7K, SR 20 235 B A POD V& 1 s AR S0 3 o RIS RGBS, LB KT R s )
WEEIX 2 DR FEAE HAE X AL R Z % 2R SOD vl MEIAEIER 2 50 m s AN [F) (R 7K S A2
AR K. POD BEEMEFM MDA AR FEEEH (p>0.05), ASFEGEACE X2 A R K AT MDA B P
KIEFREEH (p>0.05)
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R BEBEKCT RASIN TR BN A2 AR 4y o 2500 52 8 BRI X0 2150 73 B

Table1 Two-factor analysis of the phosphorus supply level and additive concentration on the determination indexes of

Chinese fir seedlings
F {& F value
F= EA [
R it TS 2 kb AR bUR=N LA
R . i 5 PEA T
TR P Hf iESIS R Y8 POD
SOD MDA
AN F LR KT 6.030 5.66 5.1 6.8 14.051 0.520 0.411 0.0
4.573*
wmhna (a) * 0* 96* 98 ok 41
ARG 5 3.702 3.45 3.2 2.0 4.703* 13.878 2.461 1.9
3.596*
(b) * 7* 30* 03 * *x 01
b a*b 0.807 0.66 0.5 1.4 3.62* 6.213* 0.695 0.3
0.986
8 7 24 * 66
AR R AKE 10.34 10.7 9.9 1.7 30.672 0.102 5.785* 2.2
1.75
i (a) Tr* 01** 82** 06 ok 69
NG Sk a5 8.367 8.14 7.3 1.6 34,790 3.330* 5.866* 0.7
1.805
(b ok 6x* 29%* 43 ok * 88
Cocl2 a*b 0.794 0.95 1.0 15 15.723 10.782 1.816 1.7
0.537
5 54 93 i ok 46

2.2 ANAWRER 0% 5 KM R RBERM B AR S EAR RS K

PEREIR S, AN 0.01gke M) ORI BT ARK . RE AL, AR AR ESS 0.2¢kg.
0.4g/kg MR =AM IFEAERZEER (p<0.05), H 0.01g/kg 2 FAFER TP ERZA 0.73cm, 5
0.4g/kg Z [MAF{E R 225, HEMKBNE T B — 2. thabh, Lk S5 A LIRS T 206 Rk
FEN 0.01g/kg B A2 ARG AR ZH 23 % FE B 2K T 0.4g/kg ).

PEREA S, SALES A X2 AR B T () % AR R AR AR ARARAE 3 22 Ko (REE I E T SRR N
0.01g/kg B, BR 0.1g/kg 5 0.2g/kg A3 TR RE ML LRAE Z MAAEREZER (p<0.05), H

0.01g/kg MRS AL FAR R AR X A AR B E Z 7. (RS AEBEAET 0.1gkeg 5 0.2gkg &b
B AL R AR L 215 B S 3 IR LA 0.01g/kg AR B35 2 .
S00r e[ P e00r . B R
500 +
a
S 1S
< < 400 ab
P 5 300 a
c & a bc
M K 200
= ab = a
aib b 100 ' c
b b p
o 0
0.01 0.1 0.2 0.4 0.01 0.05 0.1 0.2
ZIHEFIHE g/kg SR B g/kg

B 1 A RIS E 2R A A GAC S R AZ AR S AR A H S
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Fig. 1 Effects of different concentrations of ethephon and cobalt chloride on root length of Chinese fir seedlings
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Fig.2 Effects of different concentrations of ethephon and cobalt chloride on root surface area of Chinese fir seedlings
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Fig.3 Effects of different concentrations of ethephon and cobalt chloride on root volume of Chinese fir seedlings
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Fig.4 Effects of different concentrations of ethephon and cobalt chloride on root average diameter of Chinese fir seedlings
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Fig.5 effects of different concentrations of ethephon and cobalt chloride on root specific root length of Chinese fir seedlings
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Fig.6 Effects of different concentrations of ethephon and cobalt chloride on root tissue density of Chinese fir seedlings
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Fig.7 Effects of different concentrations of ethephon and cobalt chloride on root POD activity of Chinese fir seedlings
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Fig.8 Effects of different concentrations of ethephon and cobalt chloride on root SOD activity of Chinese fir seedlings
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Fig.9 Effects of different concentrations of ethephon and cobalt chloride on MDA content in roots of Chinese fir

seedlings
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EMYIR R K BT, RS0 358 G [ R P RE S I RO R SR TTUR, MR, MR,
HRARAR SR AR AL S 2 oA S i R IR S, BB IR KO MRS S HCE UK, 2@
i —ANEBERE SHLE . BRI, SMNEZMEREE NI ACC & B &, JEm 75T IR 2060 A9
B EG HFH PR IR 0 0 Rk B3R — AR GRS R AR R AR, (E S XA B, B
FIR R EK . KRR, ZEFIREE N 0.01gkg I, HADE A BB 205 7T LLRT AR 200655 3 f s i
RAEKBE, AR RNAERK . ZARRK. RREA ., R BERE R R K E, bEEIME
CAGARREE I, RAERKZRIE], 5 0.4gkg WEFEE, XU LMARE SR EBAER
FIBR . AR R I A K H AR T 20 A 2 2 4 53 2R DX 20 B ) Ao B SR [l e, 0 20 2 L) 2R
FERRAK X g, 2R B0 203 1E F % R AR AN 2526 K f0 = B34, sl 40 i 4 B oM 2 i i o
ARKRER RGN AE K. BIFFRERY, RIKE LGSk ESAEKRARMEmmEm, 8T
AERKRIA B AR R EE 0T 0 A2 K 208 S 1R I T i 3 a9 i A A AR K ER IR BRI AR
MR, SIEARARIUE T HBS2 1ER OGS AEK RS 5@ AR —ANEE &, @S EIN3 T
ARFREBRRAMRIE, 25 OGN T ARSI, 31X 0] G830 ] A K AU i H-ATP BER1E
PEE(ROS)KAS B M B R M HEAT 42 B0 . FH, 27K 8 0B B8 38 38 5 38 T AR ELAE FH BHLLE 41 g
I ZERE BN A3k, FEm AR S AR 2 2T

AR, MR R KRB W2 S BRI A7 TR0 DU FE, AR TR0 B PR SR & R . T
W E A I ] ACC A ALERR/D T e 5 800 IR LR 7= A2, R T RER B EE R &
B AR R B Y B, B A2 AR G P AR A AR R AR DA RAR PR AR 21 e KA, 203l EEASS I8 0 T 72.78%
102.56%F1 138.18%, HS5IEH &M FEREE . 5— I, RIKRER CoCly nJ DL R BE A 2,06 5
MRAHEIEF, (ERE S SR T R, AR RAKPEIIH], X 35 IR b E GRS A O A
RYEARRAEKATRENE, T HAR RIEMRBEIAEE FE ORI 242, (R AAZ AR L) AR AR RO 3
BEMEEAR RIS RAET . AHARRN, ERBEXIE T anac044 WEAMREEREFITEL, 8T OMES
()2 AR A AR 2% v 38 ) PSR R SR 3 2 SRS VR AE R DR N R BRI, fe KPR BE B Ar LS KB
BHE . LN T2 PSTBEPR FIA (178 10 12 5 M = 380 il PR R Ac LA B 9 Al 2 1) T 0 o 3K O A
I R AR 715 5 1 SO R T A AZ AR N Y- 0% R EEAT RS, A S R IR W i AR, A
T893 T A B I A 55

YIS FRIB A F L= E KEM Oy OHEEMEA (ROS), (RAEE 1 FFIAEY) Ko T8 M DL K
SRR S A R . IR I R P AR, A BT EAGES R Gus R BE R, T RN 2 R T
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PEAFFLERRAE — A IEH B /KF, DR EE BT . o, SOD A& 41 P R SR 4 B F 00 R g
REKE AN FasE 1) O #46 Ho0,, POD i 32 EAf SOD Witk s B 774 1) HoO, i B HE AR R T #11) HoO. HoAH
J P B HR  2x ffi 22 24 3 A B T R ZUBE (MAPK) B, S ACC & G I 0% /T e 1k, BETT 2 5
LIFEHFE R, ROS MUY Z B am P~ LA FEY, mHEEYARK . dE . P g
LV R R R B TER . TR, WEHES S T AN TR &R R, A
FRDL, BT, B LEGRIRE RGN, SOD FETEER IS, POD A5 M1 s T KB ie 4%
PEF, %0 0.01g/kg FIEALE XL HE T SOD A1 POD K38 1N, SOD A GEAE 42 A4 T i A B il it AL S
A RIPTE AR R FE T TUUE S OIEBOR T HEMIENEER S, AR R 54 AL AL R
RS RAERS, FARBE G4 T EL K H0y T H0, th R ERRE R LIF L FE A i —Fp (814, O
N5 I R RE YA 0%, Rk, AME M T REIE T T B IR T A M ik i e A A T R
PSR 05 1) AR BRI AS A B IR S s AT B FHAZ AR (I Bl o 33 1T E AL DA % 1) o 9 5 T R B L
TER, AR RIS B UL RIR B0 2, AT B2 e 4 i R 18

4 458

BRBMIEANIE W ERE R AF N, BEEINE QMR ROTT, BW] TR RAC . RR I AR
AR EARRNA R . INZIEE BN CoCl I &I, 0.01g/kg S ABL R BEI A T A2 AR K
MR ARABRIR BAR A B R et OR, (HR R AR RN, RAL KB Z 206, K
WL AL B B AL HE TR FAZARM A, Y omR R T BERE /7. MWAEBR IR ARG OURTE, IR Lk
WL, BEE MR R T T B R 5 ey SOD MHE 1, (HEEAR POD M1, 0.01g/kg HISUALHS AL BE A
B 7R A T AR POD A SOD BHE T,  BEAE WM T e il TR . SMIE SR SR R 284 3
IR, XA e 48 7R SRS R AR A A IE L 77 73 38 B3 K 3 AE TR LA Fe 4R 41 1 BB S
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