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N 350002; 3. fEEE O EAMT, NS 353200)
WE: [ B4 ] SR 2R LI T A K Cunninghamia lanceolata Ttk % B4t h 5 R BB FELGF AR FR, K
B 6 PR 2 T2 A AL R B, R R R S PR R B, [k ] A AR R 020 8
1AM A, B AR, REXMARLTAIE, 0, 3, 6omEERELAR, EHENH. TH. SHs
FBAE, W Ttk R R IL, B BEEEOLE S MR AR R SR T, AEMER. REFRREER
FALHHALES (SOD). it BACAH (CAT) Anid A AL4p B (POD) M £ 57, H#ATMARSI, [BR)HMERLEEY
B, XA R ETARF I LR BEH RO R 9 4L H 3 TR AR BRFE LR A 22 A% v 4 6 5L B AL B
oyEE, AL ELREWI M, BARYGHT SOD FHRE LAY, CATERZTHAYR; L 6 cm LHA A TIHE
et BARR POD 69E M, [ ##® ] S G A REBE LR A B AR A EA — R Yrh; A—LLRE, ZTLEY
ARMAGAERS ST RETNLAE, REEFTHS AN E T YA KT R AR Ao R B L LR AL 32 3 38
HEEHmBATFZ—, B34K3 418
KA BAR; WP, HE; HALE
hESAS: Q945 SCRRFRAERD: A NEHS: 2095-0756(2021)02-0304-07

Effects of mechanical damage and deep soil treatment on sprouting and
antioxidant enzyme activities of Cunninghamia lanceolata

ZHANG lJiling', CHEN Gang', CAO Guangqiu®, LIN Sizu'?, ZHENG Hong’, LI Yong’

(1. College of Forestry, Fujian Agriculture and Forestry University, Fuzhou 350002, Fujian, China; 2. China Fir
Engineering Research Center, State Forestry and Grassland Administration, Fujian Agriculture and Forestry University,

Fuzhou 350002, Fujian, China; 3. Yangkou State-owned Forest Farm, Shunchang 353200, Fujian, China)

Abstract: [Objective] With an analysis conducted of the relationship between the sprouting ability of
Cunninghamia lanceolata (Chinese fir) clones and the activity of antioxidant enzymes under the treatment of
mechanical injure as well as an elaboration on the sprouting mechanism of C. lanceolata from the metabolic
physiology of enzyme activity, this study is aimed to provide theoretical basis for solving the sprouting problem
of C. lanceolata clones. [Method] Using the 1-year-old cuttings of Chinese fir Clone Yang 020 as
experimental materials, with pot experiment and treatments of topping removal and no topping set at depths of
0, 3 and 6 centimeters, the enzyme activity absorbance test was carried out to measure and analyze the activities
of superoxide dismutase (SOD), catalase (CAT) and peroxidase (POD) in different organs, such as branches and
leaves, basal phloem and root tip. [Result] (1) With the increase of soil depth, the tillering capacity of seedlings

of Chinese fir clones with and without mechanical damage at different soil depths decreased, and treatments of
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different soil depths could affect the activity of antioxidant enzymes. (2) With the increase of soil depth, SOD
activity of branches and leaves of Chinses fir seedlings increased, while CAT activity decreased. (3) The soil
depth of 6 centimeters was conducive to pod accumulation of branches and leaves and root tips. [Conclusion ]
In conclusion, the mechanical damage and treatments of different soil depths had impact on the clonal tillering
of Chinese fir. Of the same soil depth, the tillering of Chinese fir with the removal of topping is higher than the
one without the removal. Also, the antioxidant enzyme activity of different organs plants was one of the main
factors that affect the mechanical damage of C. lanceolata clones and the tillering of treatments of different soil
depths. [Ch, 3 fig. 3 tab. 18 ref.]

Key words: Cunninghamia lanceolata; mechanical damage; sprouting; antioxidant enzyme

A Cunninghamia lanceolata & E F§ Jy e EE AR 2 —, BB ZF6E 11 BEE PR
ML &, TEHEMO R S A At SRl & T 1) — A R 1) . BEE T T IR A AR EFTH AN
oY, AT ZRBG TR RPN, oM RSO, A2 AR T EE W 2 4
FEIRR . B TAZARARE T LE MR b o A A T R AR . AR AE R, 6 B R A2 AR
THEEE R FERE . BAKRHEB R RN R FE0, MRS AR BEERE S, e
o, BT, RS IR B R LR i . BAT, XS 8. k. MEARSE it
F TR, MM IS, B4 — R AARE =, 2k . BEE2E . wEds . AW, el
P 1 R IR, S50 084 RN, R Rl IR ARD . PR LB —ii 12 i
AR EEMEN, XHEPARKET . SOMARGPR . PURFE Y LR RGP A EZ AR X
FVE A, L& M mT A S AR ol PR 5 55 R 8 A5 . I 28 B e AR W B 2 W a0 AL ) el o S A
FH o AUBEA 5t B DA R 2 5 A B A0 1 B 2 T B — U BRSR ST A SHe XS WL A5 4 2 Wi 400 ) A0 il 14) 5%
WBFSE AL 2, (B G T AILARAR A5 A [R) 1 4 YR 3 b B A2 AR JC 1 22 i BB S8 TR B 175 1k A AL R 0 5 0 />
il . AHFTE LLBTBERE S BRI AZ A TCE R VE 020 FFHR T AAIGE X4, dlad E Ak s, AL
P AN TR 3 A PR B X JC 1 R W BERE 1 RO R 28 B PU A ALBRE M52, e s A2 A BERL I LA B AZ AN
TR R RS B B PR A
1 MBS 7 *®
1.1 #FE

AR AR A VE O E A MO IR AR 1 AEAEAZARYE 020 44 i . PhdeA: Kofdtt . K3A—%0, TopdE
A, PR 30 cm, A2 5 mm. Zofk O ILELC +, AL 49.00 g- kg, 2R 1.09 g kg,
KA 1.32 mg-kg ', HELWE 2.30 mg- kg, HALEP 151.30 mg-kg ',

1.2 REEit

TG 7E A AR 2 RO B A2 AR TR AR ST 0 [ RS2 = N 7. 2019 4F 3 A ihapii2
RICHEZPE 020 FFAG A TAE 4L (21 cmx26 cmx27 em) 1, 3 k-4, BFHEREO + . RAMHLX
Ak, 6 MACEE, Kb 1 R T+ IREE 0 cm (TPy), ALPE 2 5 LTI+ PR 3 cm (TP,), AL 3 %k
T PR 6 cm (TP5), ACHE 4 Jp R LT 4 VR 0 cm (ck,), AbHE 5 AR ETHEHIRE 3 em (ck,), 4t
6 AR LT+ VREE 6 em (cky); ETIARFE R AKE 5% 7 d /5T L T00RS 1 em; A0 # 40 47, It
240 o FEARE R AR A N [ Ab BEAZ R AR A B 2R . BRI R B4R R B koK, PREE IR EKOR
T 65% Zedi; MABRE . 2019 4F 6 H 30 H (WiEERI). 7 A 31 H (HEE ), 8 A 31 H (HEE/EHH) I
O 2F A3 020 HF 4 i AR it o JEFE R BOARZRFE RSB BEORAE 9 Bk, B9 3 HRIR AN L ASTRIAE
BEATALRFINARE 3 ANEE . ANEIFAAE B SR AR AT, B T80 C B KR KAE A EREI
1.3 MEFE
13.1 #HEHKAL 20194F4H30H,. 5H31H. 6 H30H ., 7H 31 H. 8 A 31 HAMFEEAR A
BRAI P W BERR
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132 HAABEEN T SHEGAENIT RO A JEH R KRZ2 02 g, A 0.05 mol-L™' pH
7.8 BHEMR 2% i 228.75 mL, £F B(NaH,PO,)21.25 mL, JHZEMW/KHFFEZE 1000 mL, 7EVKI H FBFER A
BERAT , MR 4 mL ZIEBLO4F, 784 °C FLL 10000 r-min ™' 1958 B VAR B0 20 min, If6F FISRCE
T 4 C kAR, B ALY AL (SOD) i& PR & 2 T 20460 ik, LU & 1a e (NBT) J6id

JE) 50% R 1 ABREEPERAL, WA YIS (POD) Alid E LSl (CAT) Wit R SHALATA 250 (il o
1.4 EIEAE

BoAF Bxcel 2010 F1 SPSS 22.0 #2147 % B A S M7
2 RGN

21 HURGAIE LR ER AT RSN
RVGRE R BERRNEER, PAH  f1 SURGIIARE L RELETEATYE

BEMLL F TS, B A R, AR REEREES
ﬁg j] %ﬁ{ﬁ‘lﬁl}%é{] }iéﬁn , T{;‘:ﬁ Iﬁ]j;i j:{;'_é&-i‘ %{ti:‘[:‘ , Table 1 Difference of tillering of Chinese fir clones treated by
f]ﬁﬂ‘ﬁﬁ tbﬂ%%]ﬁﬁifi*ﬁ*ﬁﬁ%ﬁ%j}ﬁﬁ Bﬁ%}a mechanical damage and different soil depth
) X ° R/ b
W8 1), MAEWE 0, 3, 6om RTUALEIYHTSE 0 — oAl
¥ =1 LA ya H &
3&5[;] iii%&gﬂ%%Tﬁﬁ}E*ﬁ tt]}%”%[ﬁj 15.11%. TP, 0.65+0.08 ab 2.90 +0.20 be 3.50+0.50 ac

6.73% M 3.49%; K TUALBRPGHE 4 IR 6 em AL B TP,  054+006bc  240+0.18a  3.10£030b
A BE R 43 o0 e 3 R 3 & 0 em Ab BREFAIR 5.67% TP,  043+003a  213£0.16b  2.54+030a
M 34.29%, oK 2= T5 AL BE P HE PR BE 6 em Ab B ) ok, 150+0.02b  289+040a  335+042b
BERC ) L+ R B 3 A2 0 om Ab B EAIK 4.21% K ck,  120+0.I1a  220+030b  3.00+0.40a

25.87%, cks 0.80+0.06 a 2.10+£0.20b 220+ 0.30a
22 MG IELT REXNZAEERAB I P [RIBIRIE NG R 05 22 5 5 (P <0.05)
S B E MR RN

22.1 SOD &H MK 1 B BRI, ZARY IR SOD iE M TP, HKALIN, HAabR
FHm TR AR, ok, cky. cky. TPy, TPy BYRZ AL A B BEIS 1] SOD i PEAH Lb T i I 43 7 4 /&
36.08% . 45.76% . 63.65%. 31.56%. 57.27%, AHILTHBS 54 T 41.99% . 25.77%. 49.59% . 49.00% .
21.23%. R R4 SOD i M3 LA TPy 841k, 7EHBERTI . A I A1S 1 43518 300.99. 343.08.,
354.89%16.67 nkat-g 'c FEJAHll], cks. cky Fll TPs MYAZ AL AL SOD IR AH L T i A b ] 4 2 | F,
HoiAH TR 2 SR TF T 40.57% . 54.06% 1 76.00%, A8 T H 8 43 H3E T T 18.28% . 46.95% Fi
45.86% TMAZ ALy i AN [FIAUAAR 405 A [F) 35 -+ % B (B) A 3T 942 AR &) B AR 2 SOD 1 #4: AN BT B i
A,

222 CAT &K ME2FTLEH: BRI, AL MR IR CAT G, M E 2K
HEJP ¥k TPy, TP, TPy, ck,. ck, Fll ckyo TP3 AbFEAZ AR CAT i&MAH ELF TP, TPy, cky. ck, Al
cky 70 9 B T 459.29% . 1 004.03% . 366.34%. 81.98% F 20.30%, H=iE 4y Wl T 419.75%.
241.20%. 204.15%. 86.01% Fll 43.44%; MR 3@t T 1 123.06%. 933.10%. 125.46%. 63.93% i
23.83%. TETIIRIE W], EARLE RN B MRS CAT WG PEH R B N, 7, TPy, TP,.
TP,. cks. ck, Fl ck, FIAZ AR B CAT i& MAH L TRIIA 30 FRE T 36.35% ., 41.02% . 57.08%. 85.01%.
89.90% #1 90.82%, AZARIEH K CAT I& PEAH L T HIH 200 F % T 20.56% . 66.32% . 84.29%. 94.55%.
85.56% F1 95.33%, IZARMIS CAT I PEAH L THIW 73 5 FBE T -47.49% . —18.77%. 88.11%. 92.36%.
87.91%. 4.52%. ¥R CAT iEMEAEH I cky F1 ck, %85, fEJ5] TP,. TP,. ck, #l ck, ¥ . 7E
ARSI, A2 ARG LTS K MRS CAT I PERUEE R e —, HoBRE FEARKT- o S5 CAT §F Pk
e RN ERMKHEF R ck, . TPs. cky. cky. TP, TP,, R4S CAT iEPEES | 5 I & EEHEF A
cky. ckz. TP;. TP,. ck;. TPy,

223 POD &FHwg®ra  MIE 3 LIE N TESEERTI, RETUWAZAE | S AR POD i
E TR, MK POD IGHERT ck, . ck, F1 cky FErPIUIAM RS T 109.85% . 61.63% 1 102.35%,
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Figure 1  SOD activity of Chinese fir seedlings under mechanical damage and different soil depth treatments
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Figure 2 CAT activity of Chinese fir seedlings under mechanical damage and different soil depth treatments
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Figure 3 POD activity of young Chinese fir treated with mechanical damage and different soil depth
FeJR 123 R B T 135.99% . 62.85% FI 115.02%; AZAFEIREz POD G HERT ck, . cky Fl cky Ho AR 2351
P& T 147.98% . 141.16% 1 187.70%, W57 BlEE T 59.14% . 22.82% Fl 61.56%; 12 AR POD
TEPERTI ek, . ck, AT cky AR I4R R T 174.74% . 107.14% F1 134.69%, G153 4% T 143.91% .
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B ETMRICH ok cky. ckyo TEFFIN], FEARKNHT NS AIRRLS POD WG PELL TPy, TP; %0 .

224 3 REFEH5W MEBHNEFZESN GE2) WA AR R RIALER G5 FA B 307 2 6]
SOD Fll POD 714 ELE e i 22 57 (P<<0.01), H 3 FhARZ A AW B &ML HER (P<0.01), AHEAT
6] . ARG . AR R BE RS [RI 307 =22 18] CAT Wi B W 5 22 5% (P<<0.01), 4 FhR & 2]

HAW B ENZEAEH (P<0.01).

+R2 1AK% #E SOD.CAT #1 POD iFMHHFEHIT

Table 2 Variance analysis of SOD, CAT and POD enzyme activities in Chinese fir seedlings

SODi&E 4 CATIEME: PODii
HE

¥y F ¥ F ¥y F
48] 82 807.915 35.981%* 97 192.403 734.535%* 34 187.296 54.764%*
BB 3 44 879.393 19.501%* 19211.774 145.194%* 43 239.496 69.264%*
4R 6918.106 3.006 2910.454 21.996%* 2831.071 4.535%
TR ETRAL 114 489.454 49.747%* 2658.569 20.092%* 54 248.127 86.899%*
HSDATLBRAR 15 5232.712 2274 31 600.742 238.824%* 92 412.000 148.032%*
I < 0 R 25 120.655 10.915%* 3616.950 27.335%* 2911318 4.664%*
HHI <2 B AL 41 964.818 18.234%% 2074.813 15.680%* 4762.197 7.628%*
BB 1 < 34+ R 5197.325 2.258 2 605.106 19.688* 2015.723 3.229%
BB < e B BB AL 4 442.049 1.930 978.874 7.398%* 1977.118 3.167*
T A VR <3 B B AL 1 881.679 0.818 1 063.093 8.034%* 1069.296 1.713
ARSI AT £ < 2 A PR 1147.752 0.499 2396.590 18.112%* 7094.747 11.365%*
AU LA i B A AL 23 470.572 10.198** 761.769 5.757%% 3770.859 6.040%*
HH T B - R B <2 A 7 876.366 3.420%% 402.710 3.043%* 1433.927 2.297%*
BB 1 <38 DR BE < B AL 9597.720 4.170%* 331.124 2.502% 1302.148 2.086
BT A BN O H IR BB EFAL 10 678.306 4.640%* 179.372 1.356 2428.758 3.891%*

LB . *FRIRTE0.057KT-CRU) L 3 AE G s *+#3R7RTR0.0 1K T-ORU) LA i 25 A G

2.3 HHBGINAREL RELEELATERARFENENLEEEEXE

H1 3% 3 AT 0L WBERC S AL 1 A B 35 AR SC (P<<0.01); B BERC W BEM ) 52 A i 25 IEAH G
(P<<0.01), SOD i ¥ 5 i BE i 3 &2 & 3% 1F A 5& (P<<0.01); SOD i ¥ 5 i BE % &2 B 3% 1E #H 5%
(P<<0.05), CAT ifitE SHUHI 5 % B E IEAHXE(P<0.01); CAT G PESHHEERTH . BiEESCR SOD 1% 7
R E A SC(P<<0.01), POD iETESHEEN ] | BIEERCE B35 (EAHOC(P<<0.05); POD i&itE 5 SOD i
PR A 3 IEAHE(P<<0.01), POD 5 CAT %15 I3 Tt (P<<0.05).

®3 PRGN EIE LR ELEBIZATL Y R iFEEREEEXE

Table 3 Correlation between mechanical damage and tillering enzyme activity of Chinese fir clones under different soil depth treatments

I H MU 13 WTEERT HHEERL SODiF CATIR PODiF
B 15 1.000
HYEERT Y 0.000 1.000
WIEERL —0.613%* 0.540%* 1.000
SOD7F 0.017 0.445%* 0.125% 1.000
CATIHH 0.293%* —0.670%* —0.614%* —0.387** 1.000
PODiF 0.109 0.239% 0.082* 0.290%* —0.269* 1.000

P * R BEAI(P<0.05), **FmW B EFMHIP<0.01)

3 7tk

AR BEE R IR AAE K, F2ARBBEY 2 TS FEEH IR, 2 ARHEERE
B R RS fEEER I, TP,. TP, Fl TPy MY BEH S W) —HE + IR ck,. ck, Al cky AH EL A0 4%
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1 15.11%. 6.73% I 3.49% . i WAk BE I HUMAR O 5 A2 RBHEEZ B, A1) T otk R S5, M YiE i
FARIEFEM T, BWIE SRR B LS, A B TE A ies . IR R e, Bkt —
PRI AR o AT LUK AP AU £ 04 5 K S 0 s AL A ) B e BT RE T, DD it 24 X6 A A e LA
LA SR E , W nT LARR B SO0 8 & AR AL, LA R R Y “ad RO, Jsib A B2
TrpiR

AV AG R R AN . A% B SRS A MR R AT AL SN o TR AR 2 FE VS M B 2
fit, SOD &t g, 2rgmadtet it o oLl & T SOD HA REMEREEME, —@ERErE
T, BAMRMEEMABGER, K CAT W M AR AR X 1 AL S (H,0,) B EINEUsL, CAT 1ENHEY)
PR E B P G BRI, T 5 B I — R AR 2 W B 0 AR T, P TEA AR S — BTl N
MRS S, al iy A BB E g R i —Le 5 8157, POD 7E Mot #2 b HAT X IRk . — 71 ,
POD ] LA7E #5855 22 1 IR A L £ BR HyO,, E AR RGN A Z—; 5—JriE, POD W
A DEHR SO 2 1 5 MR UL S SIG A = A i s X i, SRR AL, XEMY =2
P, ATDME N RN EbR . AR ETUSE L 3 om METUSH A+ 6 em AP T B9A2 RS i R
SOD V& PEAR L T B BERT MRS W1 . 1, ARIEALH CAT WG vE SRR Rk, M IR FIAR R
th POD i P KA 2R B SR Y T 1G58 UV-B 585X RAE e 10 Gentiana straminea 308 AL B &
LIS . SR UV-BABUE , BRAEJEAEN F-rh SOD Il POD Y PE7E A B TH i, (HLBEA Ab
I AYEELS, SOD #1 POD TG PEREAR, CAT itEREREM. X SAMRERA —BMAF 2L, LR
TR 0 AR A R T I A AR A, AT DO SRS A S A R TR PR, BRI R G
TR T AE YA N A8k, KPR P R 1 72 ke 0 A A0 0 B S5 Fg i S92 ) A [ L 0 o 390458 1) 187
FONEAHIE], 3 R AR o3 B k.

4 4

W B R RS, AR R IR EEAZ AR TONE R BERE S S SRR A A, TR — R TR ML
0 b BTG R E W BE ) R T ORALAR A5 o BB S IR RN, A2 R4 BT RO SOD iR BT iE
e, CAT itk PREEH; M1 6 om AMBUAF THEM KRR POD MBLR s AL N AF S B HYITLR
PRI 1 1) 22 53 -5 A2 AR AT UMD A0 AN TR A PR A A= BN BB A O . ASBIFFR 85 R TE—EFEE B
WAL S £ FIAS [R) 2 - TR B AR RS A2 AR T R WTEE SOD . CAT F1 POD R PERY AL ML, (HTEAZ K EE
AR P AR R 1 2 (A T 5P, LS AT D R £ IR A2 R BT BE AR BB i AN TS 2E, XA 15 T
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