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TIEAERAF S EX R EIRE BRI
B, Rl #, N HY, T, B E, FAER
B R, 25 PR 7 15 (R M E R LA 5, eib410004

HE: AR LI R A aRAS Eatih R A KB B A LIEARA B oR, VA R HAR2107 A4 R I A A, X B AN
AT, A A0. 15%. 30%. 45%. AIR1F/EN TN AE KB A IEA ISR, RERW: 5 RRmES
FRAR PG, B 23R A 15% 6 BB T AR 240 K ot R 69 0648 /) B L3RR A 15%AV BRAT R B R K, F) B
Rt Atk e R, R ATA SRR 5 LIERIS%M AV ERIE S T b At a6 POD. SODACATE 1, Bk
TH,0,7MDA4&, &0 7 i#% B If 8BS E AT A MAE4S 8, B3R 15%F 748 5 T NRANIRE M, 57
HBRABFTEREGSE. ZMREAPET N LEABRESETBRNARA DEICHER, S LV
SEHIS%ER G T b BAAR T MR EBREAR R K, R ZH A6, R R TOK R SHEARE L EF R
7, &R S E T A, A AT SR IRBEAS R B BT, 38 R AK R AL ), AL AL A K.

KA R RS2 A K A WAEE, BB

H#R(Camellia oleifera) & 11 55k JBHED),
2 TR E R B A AR £ OB Fl (% 55 462013) 6
DR Ly G A AN T A G DT R = e, R B A
M, BB IR TR, SO . AR BRI
PR N TH F7 DY ROR A I o (25 R R A52015) 0 il
AR HAR R 02, T St e ) o, 7R 3R B 77
Rl FE BRI DX )2 R, i i A4 3.67x10° hm?,
Horh DLW . YLV, )T PR AR AR (TR AR
2019). B 35 K& M3 0 B A B KK J53k
R, WA ME AR K, HE TR R
K. AAERAR . ARG B G = Bh 1 55 ) AT A5 2
H(HEE2012).

398 5 kb 2 S R A A K 11 R IR R (B S AR
%2013). KEFETAIEX LIBEANIEE S, 284
FARBUNF L, FEE K2, i 5K
R IAVSAR AT BB JJ98 58, By 77 AR 3B R A A, %t
T A AR FE I (FMEE5E2018); thAb, Bk 1
B M B S By TR A, AR R A K () A A
2017). 1R E AR R IX L2 55, R
e B, WIE R, SRR ZE, X AROR
AAKTRAE ARG G E 552013) . il E A3 E
A 7 2135 X R B R, il T 5 DA 2%
A 88 DT 2R 25 7 A ) S R S T (X3 55201 7)
A2, BT i s A S E K s R A KT
T AF L LD o DRI, R 90 2% 0l AR K 1 1 3

JRBXHRE R R R E SR R A PR
o A lBnE AR LIPS InAS [F 5 B R BR L
AR e M SO R U AR MR 7T
RAER E RAEBAEIRIR R, LU
ZR M R 1Y) 3 L SRR Y KK 7y BOR SRR
WA o

1 HR57E

1.1 IR

BRI AE R RO R O 27 PR 2 o T [P 5 e g
17, LU AS (Camellia oleifera Abel )Jt K i Fh < i Ak
2107 ARGk 20184E7 A 14 HIEHUK 5 — 21
SEAFT IR AR . I 3 5 DY A W gL B,
WOHR BLAE N5~8 mm.
1.2 It

R R ARG, AR BR A B LR
G5, BB LR ER S E S HIN0 (HD. 15%
(H2). 30% (H3). 45% (H4), L4/ abB, b
3REL, KHABALX AT, FHEL 120k, it
R AR BNR (31 em, E4227.5 cm, R
%22 cm). AT B KM, AT IR R IR
B, A PR 1A 5 AT & TR AR E

I#s  2019-12-23  f&E  2020-03-25
#EE WM AR E KL IR S H (2018NK1030).
* JBIE# (1ja0731@126.com).
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1.3 £ KIEFRAUNIE

FAK R 5 A= R 53 770 00 5 ek 235 R AR P 1
FHAR fa, BORTR, B AR, 25, 133
IFe B P ET IR E SFE S, N 110°CHE
FE PR T30 min, ZRJE T ZE60°CHETF R IHH, JIlE
T M RMBLG BT 72 & AL BB B AR JR st
+-#§, HEpson EU-884R RFAHIAFTHIR &, IFH
WinRhizo Pro 20138 iR R K. FHHE
7y R, AHL IRRBER R SH.
L4 SEEFMENE

MR BIR A, FILI-6400X TG &30 2 i35 =4
TEAR R SR 52 v i 1490 1 #E (net photosynthetic
rate, P,). 7%J{5i# K (transpiration rate, 7). LT/
(stomatal conductance, G.). HE[7]CO,¥ & (intercel-
lular CO, concentration, C)). 58 % & A1 200
pumol-m™-s™, J5 B E H25°C, CO,ME ¥ E 400
umol-mol™ ol 52 i} [H] 49:00~11:00.
L5 MERFDTEERNE

WL 2 1 ) 2 AR R R A o T4
(N). E(P). K EENE . &ABEFE WS
F 4= 8 ) W 4k 5 0 A A s 0. =,
KIGAGEETHI E - 2 (B 1 3H2000) .
1.6 HEARE. FrEREER. AAMESENE

S E A2 L R (2015) A7 20 € 7 — 1
(malondialdehyde, MDA). 7 2 i &R . AT VA ML bE
. NS ERMHBAL K ZBRIENE,
B 2R A R B = R R, R R
o B R R L kI g
L7 AFRMENEELEEH0, 2 ENE

i A (peroxide, POD)AIER AL 1) A Y. Bl
(superoxide dismutase, SOD) &P 1 & K A AL 3¢
FORERHE A R =) A 1R &L i A A
(catalase, CAT)y& P41 FH 48 ZM he 2l 5 (Jablonski 1
Anderson 1981), i 48/t & (hydrogen peroxide, H,0,)
BRI AR e (k& R 552016).
1.8 FrSRER. ALAMER. NRANIRIEER
M E

TR, TEtEEO SR SR TS
AT R (20151 7. TSR AR S =X
B =l R R, I E A SRR E D

HisE 5 G-2503L € o AHIRIE J5 i (nitrate reductase,
NR)FIP AR IE 5 B (nitrite reductase, NiR)YE 4 il
E R AL R E R PR A R A = 55 &
1.9 HUEALIE

fli F1Excel 2010813047 4 R AN HdfE Ab 74
FISPSS 2295 ME . FLIRER T Z= i, o, A
37 72 7 ik F Duncan i AT LU #Z .

2 SLIGZER

2.1 HELFRMASEMHEFTEKNZMN
HF TR A1, H2. H3. HAKLIH 3 250k =
iz, dEESTE, MR EEEMTE, B
it b DL R AL AR T B S H AL B B 56 25 S, H2Ah 7
foh Atk . iR, M R EEEMTE, MR
#0043 i 8RN HE DA SRR T B SR v T AR AL B,
HAKCHE I A5 L 35500 0 26 16 (K T H AR Ab B
¢ B 338 R S D AR VR SRS AR I AR KR AR ) ==
SR B HEH .
2.2 HEARWHRESENHERAE KN
2040, H2. H3. HAKLFE )3l 25 4R M &
MR PR EAE. REAR SHIAE L E %=
S H2AHEM WA KEARABERE ST
FoARACEE, TMHA B A AR S . Rk
L RSP EA . HREARTL R ESK T
A . RGN — & EL) R BRI 2o AR R
KA IEEER, (H2 X AME X AR R A K
TE IR A A A S 1
2.3 TIEAERVERS EXHRAM A S HHERIE M
WE1-AFTR, H2AH A P e T
HI1. H3MHALEE, 735425 721.04%. 20.52%.
61.74%; H2ALHM M v G2 3 & T HoR b 2,
H1. H3RAIHAKNH ] &3 2 (I 1-B); 2R A
CAE % A HE A o B 2 2 57 (B1-C); T.LAH24bH fx
, HOREHIAH3 43, HAAC T 8 % T-H2 40
(& 1-D).
24 HEAEWHESEHEFTRIENFI
TMASHE ARSI T B B o 4 R AL
3o MR FIAR A & 25 R H2 A B A s B
FHRNMDIRE BN 2 A S RAERE LA
2R, AR )RS R D R B Y 2 AR B i
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Table 1 Effects of different gravel contents in soil on the growth of C. oleifera
N . b3 HUR ;
Ab 3 PR s/em it /cm Wbt AT E/g bR
fief /g Bk FHE/g B i E /g B FH#H/g !
H1 91.60+3.05"  1.31%0.12* 98.23+6.53"  46.77+5.92"  85.77+6.27" 31.20+3.34" 0.67£0.07°  77.97+8.40"
H2  98.43+2.49" 1.55+0.14" 100.19+6.84*  49.51+2.05 93.90+5.38" 35.6042.63" 0.72+0.05"  85.12+3.73"
H3 93.77+5.52"  1.27+0.28" 91.58+4.95"  46.62+6.92"°  82.28+10.64"  32.20+4.33" 0.69+£0.02"  78.82+11.19™
H4 87.60+4.81" 1.17£0.12° 78.54+1.39"  37.76+2.14° 76.87+4.73" 26.75+2.57° 0.71£0.05*  64.52+4.35
A — A s A AN 'S 7 RER R 22 57 35 (P<0.05); 3R2[F].
R 2 IR RS XM AR R A K IR
Table 2 Effects of different gravel contents in soil on root growth of C. oleifera
Ab RS K /m MRS A /em® R HAR/mm AR em’ HRARF /10
HI 99.80:+4.08" 1978.59+176.61" 0.64+0.01* 31.67+2.23" 14.59£1.95°
H2 112.390.54° 2299.34+159.22° 0.65+0.04" 37.86+4.84" 29.83+1.64°
H3 89.37+3.57° 1 821.16+94.93® 0.65+0.01° 29.74+1.98" 21.27+0.61°
H4 69.26+4.26" 1 344.06+387.66" 0.62+0.03" 21.05+6.75" 20.30£1.16°
A 3 B 025
a
. a 0.20}
Tv: i b _'m
D ° +ooasp b g
g c g b
£ £ 0.10p
> G
ool
2 0.05}
0 0
HI1 H2 H3 H4 H1 H2 H3 H4
Kb Kb
C 500 D 4
a
I SIE a a a W 3 ab ab
£ g b
° 250} = 2k
g g
© st S
0 0
H1 H2 H3 H4 H1 H2 H3 H4
Kb Kb

B T IRAS RO IR 5 Bt oot 6 1 F Y

Al

Fig.1 Effects of different gravel contents in soil on photosynthesis of C. oleifera
R B _EAN RN G SRR 72 57t 45 75 (P<0.05)

FER /N . H3MMH2 AL B o5 - (25 B B 3 v 1 3
kb B, —F T HIE 22 5 AR AR B R DAH2 4

P b e, H2 AL PRAR Bl 25 B d 3

e At AL, DY

AN KEBRAR T 5 ST 9 H2>H3>HA>H1 . i
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Table 3 Effects of different gravel contents in soil on nutrient

content in C. oleifera organs

WhER A Hlg kg /g kg H/gkg!
H1 I 7.80+0.18° 0.57+0.01° 3.38+0.18°
Ui 7.75+0.40" 0.52+0.01° 6.504+0.13"
H2 I 11.37+0.08" 0.790.08" 4.88+0.18"
Ui 8.33+0.06" 0.73+0.03" 6.76+0.01°
H3 - 9.84+0.23" 0.83+0.05" 4.25+0.35™
Ui 7.98+0.03" 0.59+0.02° 5.13+0.53"
H4 - 9.57+0.27° 0.58+0.03" 4.13+0.18
Ui 6.08+£0.34° 0.57+0.03" 4.1240.15°

[l — 3 B A — 18R AN R NS P RER R 22 57 B35 (P<0.05).

AR A6 A BB R 45 R 10 2 55 PR I,
EJCAH2Ab R B bR, DA AR B AR A4 5 &
43 9 J9: H2>H3>H4>H1, H2>H1>H3>H4.
25 THRTAFWHEEMMDA, HEHER. 7
AR S BRI

W E2-ART7R, PR RTR FIMDA S B

A 80
. o mi
=
= 60} a
o . ab
= b a
E | a
£ 40 . b
i
41
g 20}
=

0

HI1 H2 H3 H4
pisd

C 30
— on miR
i 241 a
o
£ 18r a ab ab
] b2 a
&) &
=
Eal
¥ o6}
=

0

H1 H2 H3 H4
P

IR ERE BN RS BT, H2 B &
G, HAANFE & & i i 28 I R FHAR 1 30 25 e
AR PR TERE &R EH2AM &5, Hap kb
[B) G B 2 22 7 (E12-BAHC) .
2.6 TIEARWHEENHEMEHELHO0,S
=M

WIEI3-A~CHT7R, BERSBR S 813 22 i 25 - Fl
HRPOD. SOD. CATHM: Y FFfE NI, ¥
H2 Ab 38 B 35 1 f v, T A AR (1T SOD A C AT 4 43
Tt H0, & ®AeRILE LT, fEH240 B A
B, R A IH,0, % & TR (E3-D).
2.7 TIEARERERE = XHHMEENRANIRIE M LR
HFESARMTAMERSENFN

WE4-AFIBATR, £ IR S 350
ZNRAINIRYEG A W35 500 . i 25 AR () NRFH
NiRVE M BE - b BR & B 2 58 BJ, B S T %,
PIAEH2 AL A v Mt e o LA T (3 25 oo 0 8
REM S BT H AR, H2AF i, AR K

B 8
z O miR
&
%‘) p b ab b b
B 4 b
<
&
& 2f
e
= 0
HI1 H2 H3 H4

hbE

2 LEAREERS EATIAIMDA . W EEER . AR RS R R
Fig.2 Effects of different gravel contents in soil on MDA, free proline and soluble sugar contents of C. oleifera
[Fl— 25 B E_EA RN G SRR IR 72 57 i 35 (P<0.05), R IR,
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Fig.3 Effects of different gravel contents in soil on antioxidant enzyme activities and H,O, content of C. oleifera

T B R RS R AL B A 2 N B 2 (K4-C).
HIAE fEm A T E M A & 8 5 H AR A3
To i 3 75 5 AR I ATV I R A YR H2 A0 B
I B e, H1. H3FIHAAN B A6 B 5 2 5 (&
4-D).
3 Wit

T R S A AE K W E BN R, T
[ ERAR YR Oy i =TI mb 5 & 2o NN : K W v 9 N e
72, TEEPWEY KK E, MAE LR mb ik
Al DA R R E N, R ERK KRS .
A S 2 B BE A D BRS04 I AR
210019 & A KR FIN, Py KRS BN E
WRR & R I 20k LA A R, 7 B AR S =
N15% T FFE bR e o % B LB AN NS = R
fik, 7T DA i - 35 (38 <03 /K 14 (Heisner%52004),
fliK. JE. R #UXBPPERE WM B R552015),
A BT 198 AR 205 S FIAR R IR 71 (Niug§2012),
TR 2 B0 A KRS, 48 g i 2 AR T

(19 BB T 2 IR AR AR T AR R (0 AE {1, $0IAR
A, FR, 2 e S SR R K R
AR 7%, ARITHR R TR 5 FK 53

YR i B T B R R R B A ER &
B WA 5E I (7 e 552018) 0 — MRS L R, T
Bihia 2 S E80EYM R LG E R T, AT
Wi B KA A5 0 1 BRF (R JE 2 %52019) . ALK
B, A ER S CTE B R, (H2 N G,
TP A6 WD BR & B st B G R, 7
AR & B 15%I G F F o, bR E45%I)
HEVEHRT. & RERE T &K E
0N, ARREKZ W EYR R YOK
gy W Re 7152 B PHAG AL A4 Y K ok =, A A e B
KT AN G R 4 RF G 1k A 5 A AR U 3 (B R 55
2018). P, RMEVIOCA G B HAL R IREL, HE R
E VAR 55 (AR 562017) . 5200
HIHERM RS NSALRERGES LA R (EFES
2017). SALIRH SR I Gl R B — 2 T 5L
CiFEAIK, T AHIF 70 % A 3R] CJE B 2 A8 4k, 3R B i
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Fig.4 Effects of different gravel contents in soil on NR and NiR activities, free amino acid and soluble protein contents of C. oleifera

A HRM T HEARLSAEEFEW, 7TRER
KR B 150 & R G2 D540, IBET AR N
AESALE R A 0]

A E B DU R SR AN S T M 3 R R
TLER, AR IEFENEA RE YRR, A
1% 34 55 AR 7 EENRFINGR (2 5 (Kyaing252011).
I FINO, ZNRIEJEANO, , NO, #E N 54
JRAR G ENIR 1R F R 38 EOONH A T 5 B &4
5 B 1e2013) . ASZEG S5 AR, H2AL B R
w1 B G R AR A VA YR SR,
et THRA A R A, B iE S T NRAINIRGE
YRS, B5R T BRI . [FI, H240 #0858 1 il
A A bk E AL IR 2R, (A5 R i AR &R AT
VEVERE S R W I, TR T AR I BRARAS .

Y B S ARG5S 105 e B 0 5 2 AR VE
4 (reactive oxygen species, ROS), i & =4 JROS
REFEUER. EE. RREAEY KT T IHEAR
fi(Meller5:2007; + £ #1462010), HZ2 53k 75E

T2, T SODFAE YAk P O3 54k HH,0,410,, PODA
CAT{i# 4L 73 i H,0, 9 H,OH0,, MM FEKROSIF) 5
H(Quan&§2008). AHF 7R W], H2ALH B & 32 &
7SOD. POD. CATHJ#FE M, fRIFROSHIER, M
MDA & S /EH2 4 B e i, 3 — PR AROSHIA
OB BRPEAC T AR S A5 . [, H2 A0 2
QIR = A AR T RIS IE T, i
KAR AR E 41 P A B (E 4R A 248 422001)
7E RIS BR(15%) RE 12 = - 35 1) 3 35
P, (R AR A K AN TR, S A E R A,
P T AR IR A, [FI, s T hiE
Bl s 1, IS R IE VR, SR NS E Y
VIR, ESEm R A KR E .. HESERDIRCG30%)
S T BEORK LR B RE JT BRAR, AR AR IR W 52 2 410
i, WA AR, AAERRES, ST, i
PRSI AT R JIBEAR, #0 T a AEK
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Effects of different gravel contents in soil on physiological and
biochemical indexes of Camellia oleifera

LIAO Jiao, QU Xinjing, LIU Shutong, WANG Nan, TANG Runyu, LI Jian’an’

Key Laboratory of Cultivation and Protection for Non-wood Forest Trees, Ministry of Education, Central South University
of Forestry and Technology, Changsha 410004, China

Abstract: In order to find out the effect of different gravel contents in soil on the growth, physiological and
biochemical indexes of Camellia oleifera, ‘Xianglin210’ seedlings were used as experimental materials in this
study. Four gravel content treatments were set up, including 0, 15%, 30% and 45%, respectively. Growth status,
physiological and biochemical indexes of seedlings were measured and analyzed after treatment for one year.
The results showed that compared with no gravel, adding 15% gravel to the soil promoted root elongation of C.
oleifera. The photosynthetic capacity of leaves reached the maximum when 15% gravel were added to the soil,
and the content of nitrogen, phosphorus and potassium in roots and leaves of C. oleifera increased significantly.
Adding 15% gravel in soil increased the POD, SOD and CAT activities, reduced the H,0, and MDA content,
and increased the free proline, soluble sugar content in leaves and roots of C. oleifera. The addition of 15%
gravel to soil increased the activity of NR and NiR, and the content of free amino acid and soluble protein. This
study indicated that the suitable gravel content had a significant promoting effect on the growth of C. oleifera,
and when the soil gravel content was 15%, it increased the dry matter accumulation, root elongation and the
photosynthetic capacity of C. oleifera, it also promoted nutrient absorption. It was beneficial to maintain the
stability of internal environment by improving the scavenging ability of reactive oxygen species in plants, en-
hancing the ability of osmotic adjustment. Moreover, the ability of carbon and nitrogen metabolism and the
synthesis of organic compounds were enhanced.
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