TP ST 2009, 18(2) : 62 - 67
Journal of Plant Resources and Environment

= FPAR — 205 M) R IR EE R T AR 1Y
JCERES A H AL LA

» v 1.2 hY 3 1 1 \ \ 3
GRS, FHR, EAEY, E OB, A#4
(1. P ESR B2 53 B W AT ARV BT T, 7L & PH 3114005
2. POl R BRI S FREE 2%, VI FA ST 2100375 3. LA MO BEISERT , 8 A0 230031)

HE . X250 - 4% (Koelreuteria paniculata-Camellia sinensis) A% — 2% ( Cinnamomum camphora-Camellia sinensis )
WA - 45 (Liquidambar formosana-Camellia sinensis)3 Pk - 285 G Mo h 3855 B T (1) H 284k ]2 25 ( Camellia sinensis
(L) 0. Ktze) A RHESEH LA CHE AT T 09T, S5 R IR 1 3 bk - 82 B DB AL
TR OR B AN AR Y B ARk gl 2 A 12,00 35 B B 5 28 SRR EE R CO, MR 22 2B 5 T B ARk
e 53 HI7E 10:00 F 1400 15 B I ARAA 5 & PR R 5122 KA R 20 4 A 10 4 35 22 5 (P < 0.01) , 3 Fiobk - 2852
BRSO E HE H AR RIS AN X Bk R R 2 il £, 4 {53301 11 BRAE 1000 1 1400, H P - 254
B PR A HE R H E R (0.80 wmol + m ™2 « s 71 s KIS AL G A8 H R LS H 1R AR,
JFAE 1000 I8 3 e s M) CO, Mk H AR (b (R 5w BU M 28 B H i . R, 76 1000 fefik, Horh 284 - 2k &
BRI TP CO,MREE 1 H 4B s 5 A5 1G4 SR FNZZ S B3R H (B AE 3 Fhbk — 2558 Gk oy [ A i 2%
Z5(P<0.01) SIS EFMEE CO, M E H¥EZERARE, BRAIRSAMFCEEE LA A SR
5ZRBMIIR] CO, M SRS SAHXHR B [ AH e MR B3 40, R AR I P 5 51015 6 & R DL Wi Wi hr 2
(1] AR A R4 2 b (2 8 KK . SR e T SRR A — 2B G AR T B 2 i A IR (R b2 AR G, 3
BTELBESE) Fhid

S 25 M- ARG RARHESRG FRUIN T, FAS(L; AHEAMHT

FESES: 0948.11; S571.1 XEARER, A XEHS: 1004 —0978(2009)02 — 0062 — 06

Diurnal variations of environmental factors and photosynthetic parameters of Camellia sinensis in
three forest-tea mixed stands LIU Zhi-long'?, FANG Jian-min®, YU Mu-kui"®, WANG Chen', LIU
Hong-jian’ (1. Research Institute of Subtropical Forestry, Chinese Academy of Forestry, Fuyang 311400,
China; 2. College of Forest Resources and Environment, Nanjing Forestry University, Nanjing 210037,
China; 3. Forestry Research Institute of Anhui Province, Hefei 230031, China), J. Plant Resour. &
Environ. 2009, 18(2) . 62 —67

Abstract; Diurnal variations of environmental factors and photosynthetic parameters of Camellia sinensis
(L.) 0. Ktze. in three forest-tea mixed stands of Koelreuteria paniculata-Camellia sinensis, Cinnamomum
camphora-Camellia sinensis and Liquidambar formosana-Camellia sinensis and their correlation were
studied. The results show that the diurnal variations of photosynthetically active radiation intensity and air
temperature show a single-peak curve and both the maximum values occur at 12:00. The air relative
humidity and air CO, concentration decrease firstly and then increase, and the lowest values occur at
10:00 and 14 .00, respectively. The environmental factors are extremely significantly different at different
times (P <0.01). All the diurnal variations of net photosynthetic rate of Camellia sinensis in the three
forest-tea mixed stands show a asymmetric double-peak curve, and the peak values appear at 10:00 and
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14:00, in which the daily mean value of net photosynthetic rate of Camellia sinensis in the Liquidambar
formosana-Camellia sinensis mixed stand is the highest (0. 80 wmol -+ m™> « s™'). The stomatal
conductance and transpiration rate of Camellia sinensis are lower at morning and late afternoon in a day,
and the peak values occur at 10:00. The diurnal variation of intercellular CO, concentration presents a
“W” curve, in which the value is higher at morning and late afternoon in a day, and the lowest value
occurs at 10;00. The daily mean value of intercellular CO, concentration of Camellia sinensis in the
Koelreuteria paniculata-Camellia sinensis mixed stand is the highest. The daily mean values of net
photosynthetic rate and transpiration rate of Camellia sinensis in the three forest-tea mixed stands are all
extremely significantly different (P <0.01), while the difference between daily mean values of stomatal
conductance and intercellular CO, concentration is not significant. All the environmental factors have
significant or extremely significant correlations with net photosynthetic rate of Camellia sinensis and with
each other index, except that the correlations between air temperature and net photosynthetic rate of
Camellia sinensis, photosynthetically active radiation intensity and intercellular CO, concentration of
Camellia sinensis, air temperature and air relative humidity are not significant. By comprehensive
analysis, it is suggested that Liquidambar formosana-Camellia sinensis mixed stand can improve the
growth environment of Camellia sinensis and promote its growth, the mixed stand is suitable for extending

and planting in Wuhu of Anhui Province.

Key words: Camellia sinensis ( L.) O. Kize.; forest-tea mixed stand; photosynthetic parameter;

environmental factor; diurnal variation; correlation analysis
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Table 1 Growth status of mixed tree species in three forest-tea mixed stands
Ty Ao W #e/a W E/m 42/ em SE MR/ m R/ m TR EE/ %
Tree species Age Height DBH Crown width Root range Canopy density
A5 Koelreuteria paniculata 5 7.50 7.50 4.20 4.20 90 -95
& Cinnamomum camphora 5 7.30 7.45 3.80 5.20 90 -95
WA Liquidambar formosana 5 5.50 7.16 4.10 3.50 90 -95

1.3 HiEaE

SR HT SPSS 13.0 Geit 3B B 4% 52 56 B4l i 47
GoiT AR S4TSR One — Way ANOVA 3L k(T
J5 50T, IR LSD B i T 2 5 e d

2 HERFpAT

AAERL, R 1 6.00 462 7 1 F+, = 12:00
REN R B IR SR G R NI,

M2 AT LIE 3 Rk - R E AP RA
CO, & (Ca) 1 H AR AL 556647 R0 5 38 B A <R
() H AR AR R A T A I, R B0 R LI 45 17, 1400 3K
EREARA . FIRBEE SR AIEA A U J 58
Fhi , KA COMREZ T T I ;14,00 J5 |, biE AN

2.1 #HiE 3 MK -FEGHSPRERFHE  OUSARIRM RN T, KR CO MBI T,
T 3 PR - 2R 2 A bk s SO R (RH) 1Y H S

Y 3 Mk - 2R AR h BREE IR 7Y H S
ez 2, hR2 ATLUEH 3 Ak - 258 B sy
(A A RO SR B ( PHAR ) (9 H 28 Ak 35 52 30 56 7
JERER ARt B FI7E 12,00 15 8 % i 45 7F 6:.00
F118.00, i T4bT H HF H ¥ BT B, 31X 2 B Bt
(GA A SR T 5 B I 55, H2ZE AN K, R (Ta)
() H AR AR S5 5 50 G O S R 1Y) H A Al 3
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Table 2 Diurnal variations of environmental factors in three forest-tea

5 RA CO, ¥ H AR b fa S AL, 249 5L S b )5 T
AS A RE S Bl GO S0 S 3 B 1) 1 5 A< IR
BT, 25 S G B B T R, 7E 10,00 [ 2 f
%, DAJG B A A 000 S 3 B RSB T B, 28
AR B S B T

225 W E MR T A R, 3 Fhbk - A5 AR
I3 oA IR BE IR T 4 RS TRl i 20 40 W ol 3 22 5%

mixed stands')

AN [R) Bsf 1] 4% P45 (R F- () 34 {H Average value of environmental factors at different times

N
Factor 6:00 8.00 10:00 12.00 14..00 16:00 1800
5B — 25 A MSY Koelreuteria paniculata-Camellia sinensis mixed stand
PHAR 2.25+0.35a 20.40 +0.57d 22.54 +1.22e 38.75 +1.77¢ 16.00 +0.95¢ 10.82 +0.97b 1.92 +0.12a
Ta 28.05 +0.71a 31.49 £0.94b 33.75+0.81c¢ 35.25 +0.85¢ 35.66 +0.49¢ 33.86 +0.58¢ 34.28 +0.58¢
Ca 325.38 £9.83d  278.39 +9.14bc  274.92 +2.72bc  265.42 £2.29ab 243.29 +9.82a  314.27 £20.56d 304.96 +£8.68cd
RH 66.90 £2.62¢ 62.87 +2.41bc  55.59 x1.67a 56.86 +1.39a 58.50 +0.64ab  63.31 £0.48bc  61.88 +1.45hc
Tl - XE AW Cinnamomum camphora-Camellia sinensis mixed stand
PHAR 4.50+0.71b 20.17 £0.71d 20.27 +0.23d 41.00 +1.41e 20.17 £0.25d 9.92 +0.59¢ 1.44 £0. 16a
Ta 29.23 +0.18a 32.81 +0.17b 36.50 +£0.34e 36.89 +£0.31e 36.31 0. 17e 34.86 +0.55d 33.63 £0.07c
Ca 324.95 +£28.24d  274.98 +9.81bc  269.78 £0.37b  258.61 £8.41ab 232.38 +2.75a  305.20 £10.3cd 305.28 +5.9¢cd
RH 65.06 +3.68¢ 61.05+2.22ab  56.17 £2.36a 56.99 +0.8lab  58.31 £2.77ab  61.37 £1.94abc  63.30 +2.09bc
WA - 582 S5 Liquidambar formosana-Camellia sinensis mixed stand
PHAR 3.94 +£0.80b 21.25+1.77d 23.61 £0.39¢ 38.95 +1.49f 16.84 +1.65d 10.17 £1.17¢ 1.25 £0.35a
Ta 29.83 +0.17a 34.89 +0.48b 35.57 £0.63bc  36.94 +0.13d 36.07 £0.25bc  34.62 +1.16b 34.61 +1.13b
Ca 303.40 £24.19¢d 282.85 £7.75bc  275.21 +7.9b 282.90 +4.7bc  229.92 £0.63a  316.98 +10.69cd 309.83 +9.00d
RH 62.02 +0.17¢ 56.51 £1.22a 55.84 £1.45a 56.57 £0. 18a 59.14 £1.33be  62.91 £2.20¢ 60.52 +2.32¢

D PHAR. J6& 4 S 5 o B Photosynthetically active radiation intensity ( pmol + m -2 g7t ); Ta: SR Air temperature( °C ) ; Ca; . al CO, e i
Air CO, concentration( wmol + mol =") ; RH; 258 AHXHRIE Air relative humidity (% ). {7 AR 7 HERRZ LSD KIETE 1% K P L £ F
1.3 Different letters in the same row indicate the significant difference at 1% level by LSD test.
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A, HOGE AR H 284k Diurnal variation of net photosynthetic rate; B SALF R H 254K Diurnal variation of stomatal conductance;
C: Z&BE %A H 484k Diurnal variation of transpiration rate; D Jfgfi] CO, ¥ B H 454k Diurnal variation of intercellular CO, concentration.
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Fig.1 Diurnal variations of photosynthetic parameters of Camellia sinensis (L.) O. Ktze. in three forest-tea mixed stands
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Table 3 Comparison of daily mean values of photosynthetic parameters of Camellia sinensis (L.) O. Ktze. in three forest-tea mixed
stands'!
Ol AL R A CO, e
B E M F/pmol +m™2 + s E/mol -m7? - s F/ mol -m? s E/pmol - m7? - 57!

Mixed stand

Net photosynthetic

Stomatal Transpiration Intercellular CO,

rate conductance rate concentration
ISR — Z% Koelreuteria paniculata-Camellia sinensis 0.54 £0.04a 0.09 £0.01a 1.65 £0.07a 287.32 +17.45a
FE - 2% Cinnamomum camphora-Camellia sinensis 0.60 +0.04b 0.10 +0.01a 1.81 +0. 15b 272.59 +18.68a
WA - 4% Liquidambar formosana-Camellia sinensis 0.80 £0.06¢ 0.08 £0.01a 1.68 £0. 16¢ 280.83 +16.70a

D @5 W R [A] ) R FeR 28 1SD K B0 7E 1% /K |25 5 8.3 Different letters in the same column indicate the significant difference at 1% level by

LSD test.
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Table 4 Correlation coefficient of photosynthetic parameters of Camellia sinensis (L. ) O. Ktze. and environmental factors in three forest-tea

mixed stands!

SR F FHKZ KL Correlation coefficient

Parameter

and factor Pn Cs Ci Rt Ta Ca RH PHAR
Pn 1.000

Cs 0.481 #:* 1.000

Ci —0.659 = —0.671 = 1.000

Rt 0.555 sk 0.970 == —0.701 s 1.000

Ta 0.271 0.588 s —-0.563 == 0.703 s 1.000

Ca —0.129 == —0.557 s 0.451 sk —0.566 —-0.482 == 1.000

RH -0.380 * —0.684 s 0. 625 sk —0.788 sk -0.818 = 0.521 = 1.000

PHAR 0.677 #* 0.440 = -0.290 0.524 =3 0.199 -0.113 -0.238 1.000

D Pn. 64 3% Net photosynthetic rate; Cs: SFLS R Stomatal conductance; Ci; Jifi[i] CO, e JE Intercellular CO, concentration; Rt 7% i i R
Transpiration rate; Ta: SR Air temperature ; Ca: . al COZ%EIE._ Air CO, concentration; RH: XS FANIREEE Air relative humidity ; PHAR . G&
BRARETE Photosynthetically active radiation intensity. * ; P <0.05; % . P<0.01.



52 1]

, e

=R - ARG Th BRI RS DL A AR IES U B AR AL 67

S AR EVE AT AR b, 206G A RO S ot 82 3 o |
HOLAHRT R I R, COLPE A1 F I JEUR B
LA iz | SR R RS CO, ML AEAR

3 i fitie

FE 3 Fibk - G AR, A AR SRR
R AY EZE Tl 5 B il 28 5 23 SO G B i 2
A A5 S o RN TR 7 Ak B SR TR R
W H B LT, MR 56 BB 2% 1 5% 32 A BH 3 B8 A A0y
LA SFEA TR R T2 M b, i 3B A7 AR AR AT 1 Al
SEETE I R R R T B I S T R e A AN
], a3 HhOAR TR AL 4 56 A5 B s B 1 H ARk
FRAE LA 28 () 3 A AN ], R, St 2o 5 7
Hh g iR Z1 )5 T TR, 32 R PR ' 1 40 Al R
SREEI Y AR S B0 A A SR T
JE S A RO, DA A B S R AR A 5 R AR
25 ARG B AR R B8 T A A8 Ak 1T 2 SR X I
TS0 AL I P SR il CO, i, AT 52 el 4 470
A R0 DRI, 76 65 B R A 36 2 4R
AT DR S A A RCR N

3 Pk - 25 E A TR A IO Al R H AR b
S OUUIE” TR 2R A I G A PR B W 43
HHLAE 10:00 F1 14 .00 ; [F]— K HrAS [l iF B 4% g 16
BB B EEF (P <0.01),3 Mtk - 8645
R RS Ve A R H I (E AR 2 /MK TR IR
A - R A3 (0.80 pmol - m™* - s71) AR - %
BAMS(0.60 pmol - m™? - 7)) FZER - KBS
M3 (0.54 pmol + m™* + s7) o i TARBFFTIEE XS
[Fi] —25% b P 5 AS [ AS o 110 42 A PR B SR A 71, T
I, AN [) 52 A5 AR TR 28 B Ol R 22 57 R 8
T A A 305 S o0 B L e DR LA A 5 | A Al 2
e T M 25 A R A

SR TEE — A5 2 i AL BT A M 0 R i
A B R SR 25 SO B2 -
B KEERENZNER, SN H SR ENR

WIS R, A AR R A B ARG AL A
PEEHBE AL B E AR X 3 Flobk - %%
A MO ARG A RRIE S5 S IR R 10 A e 1
HATERG AT, X R G ARG B R i o8 A
ML,

LA MRINK, R - RE S M EA
A58/ IN T 7 S R A A 1 e 2 R RS B2 AT (AR 0 P ) K
PH 25 S 38 I, DA T e8csss R 1 /NS Y DR —
FRFITRAERKE B IR, 2 ALY
3 - KB EM T EAR TRNAER  EGTEL
BOCIN AT HE T AT
SE 30k
(1] Mz, EEE. REFOCEEHADRER KR REHT].

ZHRLF, 1995, 15(1) ;1 -8.

(2] fh&m, (g, WK, 55 EATEAEERE/NAMG

BEERIFSE[ J]. WAL KA1, 1995, 21(3) ; 293 —298.
[3] T FMEERE M ASRH[T]. BERKER, 1995

(3):32-34.

(4] m &, & P, 2 &K F K-MIASHAGEERET S

JeB MR EEBIFT[T]. bRl K 2E24 4], 2006, 28

(2): 64 -67.

[5] REME, THR, KRERE. SAINIEE R A 2 P 1 OCHk

SELT]. AR, 2004, 24(3) ;206 -210.

[6] sk3chr, &M, Mttt 45 AREE R H AR S T

BeHFAROCHE T[], T PEAEY, 2006, 26(5) : 492 -498.
(7] RFFE, UK, TIHNZE, & DR R E R 5 IR

T H AR ARG ]. PEAbAREBE 24, 2007, 22(1) -

8—11.

(8] AR=fAs, DhHaT, SKATT, 45, IRBEN T HOL & 5 26 4

PERYZm[T]. AR S B4, 2005, 14(4) . 15 -20.
[9] XtEEE. SeAEHMEmEE S [T]. ROIMLDF5T, 2004

(4):237.

[10] fhmw, BWiEs, Bk A, & ASHRGCHIERMSALITH

HASL R [T]. FEYIAE BeFEiR, 1987(3) ; 35 - 36.
[11] FTHEGPE. Sk R CO, AR 1], 5 P ImE

L RER2E, 2000, 17(3) ;36 -37.

[12] F=2, 58w, GPHE, & Hdu R RRmEEoe &1

B HASRRFAELT]. PEdbAk 224, 2008, 17(6) : 107 - 112.
[13] 8k 3, FERH. ¥R E E FOLA R H AR b L H s m

FRIBFFE[T]. PEALAR L4, 2007, 16(5) : 184 —187.



