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E : LIRILBRLIE Clematis manshurica Jp1RE BTFE T AR BIAL B (2618 CK B 30% \50% (70% F190% ) Xt AR Lk Lk
AEREEF SRR, B E WA RN MR B KE . 2R R, ARDER &M T A AR 4
RaMZRD FEAPERTOURK, BMEHREEZNRAHRRTEE LIHES,90% B T RILKEEN F R R &
B, MR TRER o/b BN R ARICBRKRE o AR BEE 't 58 B2 1 55 TS i, BEPA AR b gk A A B S0 B B R Tl i
B E IR IR IE—EFDLER B SMAN TARIKEEG AR R EI B TR R ,30% kb B 5% 1
THRICBRL S EREEAR R BRI BRI T EA BE R, FEE 6 IR S,
RIS T EI B E THE;30% EPTABEOL & 3R A AW EER, SHMAEZER BE . HREEHHERNIEM, R
R IE R A R IR LA TER A B BRI, T3 70% 1 90% WA AR 4 T EXKELE, SWEEWRE TR, R
FIFHERIERE, T 50% \70% F1 90% B 414 T ARIREE ML G E R AR H o B i &, WA R B FIRIAL Hib T
TR R BOL B BRI, A T ARIRAIER R . B, TR 7 KB b & HIAEOLRGEE AN TARIGREEFLE
AR, XRREARIREE T B E B,

KRB GED LA ESR; BN MR R AR

Effects of shading on the growth and photosynthetic characteristics of Clematis

manshurica Rupr.

WANG Yunhe'?, HAN Zhongming', HAN Mei', YANG Limin"*
1 College of Chinese Medicinal Materials, Jilin Agricultural University, Changchun 130118, China
2 Northeast Institute of Geography and Agroecology, Chinese Academy of Sciences, Changchun 130012, China

Abstract; The experiments took Clematis manshurica Rupr. a medicinal plant, as material, studied the effects of five
different shading levels ( Shading of 0, 30% , 50% , 70% and 90% ) on its growth and photosynthetic characteristics, and
it is essential for its normalized cultivation in Jilin Province, Northeast China. The photosynthetic parameters, dry matter
accumulation as well as chlorophyll contents in the leaves of C. manshurica were measured. The results indicated that the
contents of total chlorophyll, chlorophyll a and chlorophyll b in leaves under the shading conditions were significant higher
than under the full daylight; the chlorophyll contents increased with the increasing of shading levels, and it reached the top
point under the shading of 90% . However, the variation trend of chlorophyll a/b was contrary. The specific leaf area of C.
manshurica increased with the weakening of light intensity, so the accumulation of photosynthetic products was produced by
increasing the total photosynthetic area under lower light intensity. The diurnal changes in the net photosynthetic rate of C.
manshurica in full light could be expressed as two-hump curves, reflecting a significant middy depression at noon, but the
middy depression was not obvious in the shading of 30% ; the effects of shading treatments on transpiration rate and stomatal
conductance were different significantly, and the values of transpiration rate and stomatal conductance of C. manshurica
decreased with the increasing of shading levels; the diurnal average of net photosynthetic rate and module biomass of C.

manshurica were increased firstly, and then decreased along the shading gradient. There were significant effects of shading
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on the net photosynthetic rate, the biomass of the root and rhizomes, stems and leaves of C. manshurica. A sharp increase
dry matter accumulation of C. manshurica was observed in the shading of 30% compared with the other levels. The light
intensity and the canopy temperature were markedly reduced in the shading of 30% , but the relative humidity was
increased. Consequently, the temperatures of leaf surface were decreased, which can improved canopy microclimate
conditions and eliminated the phenomenon of “midday depression” effectively. At the same time it increased the net
photosynthetic rate and the module biomass of C. manshurica, in other words, appropriate shading was conducive to its
matter production. But the net photosynthetic rate and the total accumulation of photosynthetic products of C. manshurica
were decreased with the increasing of shading levels. The stems were short, the biomass of the root, rhizomes, stems and
leaves were decreased. The diurnal changes in the net photosynthetic rate in the shading of 50% , 70% and 90% could be
expressed as the single peak curve, and the overhead shading could effectively overcome the harm caused by high
temperature and strong light, but the photosynthetic efficiency of C. manshurica was deceased because of lower light. The
excess shading significantly decreased the photosynthesis and module biomass, and it could bring unfavorable effects to the
growth of C. manshurica. In conclusion, the above experiment showed that appropriate shading was propitious to increase
the net photosynthetic rate of C. manshurica in the practical production, which is the important measure to increase the

output of C. manshurica.

Key Words: shading; net photosynthetic rate; diurnal changes; chlorophyll; biomass
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ARALEREE ( Clematis manshurica Rupr. ) 3B RPMKLER Z4F A EAMY) 152 PRERLHE | LB
Fo HARBAMRZERIE PR MAL, AR, B IR FEA TR KUBEE , BURRRA,
ik S, BRI SRR . BRI E B0 TREAR, 10 X, Ak B hF AR
FHX P BT, ARICRRE ROBTT E B L R BRI 2 R T T T A S AL B %
ARIUHLEER LT LS FHERE AR WARE . I, A SCAE A RETRIE AR IR NPT R,
I A LB B AL BEAR LR AT A K R B AL S R PR IS, R T AR U BREGE Db & A BALAL, AL b
HARILBRAIE M = 254 BRI E B MBS KR .

1 #RERE
1.1 A%l

TRIGTE AR R 2 25 b 22 e 2 MY Bl AT o B B AT N43°47' (E125°247 9K 251 m, 4R 3y
KR 4.8%C, x5 39. 5C, #xfik - 39. 8°C, F I MK & 522—615 mm, [k FEEHIE 6—8 Ay, X 3 MAK
W7k G 24K 70% , H RIS E02688 h, & A (7 Hr) F9<R 23 Co
1.2 %GBt

2008 45 A 9 5, NP ARV B2 Be ZE A4S HH ST BB AR 5 000 BRAE K — BRI AR L BREER i , R [A]
510 em, ARG BOKARIR . ZEERE T 6 H 2 HEATHEGACTE , SR I FH W 047 JHE 0 32 A e ., 2 P R ¢
TR 1.5 m 4b, B¢ 5 NHEEBIRRE : 20518 %H i CK (20t B¢ 100% ) ,30% (B 30% , & 70% ) ,
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50% (HERE 50% , %6 50% ) ,70% (ERH 70% , 53t 30% ) ,90% (GERE 90% , & 10% ) . R E YF-172
B IR BRI E IR AR
1.3 WETE
1.3.1 SLEERSHMNE

1 8 A o) G R E A AL B AR LR R AR B /EF H 28k, B 8:00—16:00 &f& 2 h Ml 1 1%,
B S ot , BRI 3d, A CI-203(CID, Inc, USA) FHFABOGH HARLSGU &M R, e F L6 B
(P, ,pmol-m~*s™") KILFE (G, mmol-m™s™") FEMHR(E, mmol-m *s™") JE] CO,¥E (C,,
umolmol ) JEAATHARH (PAR, pmol-m s ) FA CO,MRE(C, ,pmol-mol ) 25 SHIXREEE (RH, % ) %
KRG HIFRLER (WUE = P,/E, pmol CO,/mmol H,0)™  SALMRHIM(L, =1 - C./C,) HH IS RIHR™
1.3.2 HEREEINE

FEHFREL 0. 300 g ZRJCERSEEE M Fr, A 80% INERFITC/K Z B2k 1:1 A4 EUK 10 mL,30 CREE{Z
HAER, BRI AL UV-1700 BUHESLEETHE 645 663 nm W&, AR ER 3 Ko
1.3.3 A¥& REETER e

RIGEEH G, T 2008 49 H 30 H &M EIEFEYLE 15 #&, Wbk 22 . /K PGE mrg R 3 e
T, AT UAR B 22 2R T A&, TR AT E.
1.4 BiEsb

¥ A SPSS 13.0 (SPSS for windows, version 13.0, Chicago, Illinois) X 434758112047 o
2 ZR5H5H
2.1 GERHAIEXNARICBREE L R AR R
2.1.1 EPHALIEX AR ACER S ETE AR A5 MR

B3R 1 AL, R R B A B AR J LR bk MR L T AR B B R . 15 MR A A T
AHRACBRLR MR R K ,50% 5 CK\30% \70% F1 90% b3 [H] 2= FiRk B2 (P < 0.01) ;254 CK.30% 5 90%
WAL I R 22 AR BE (P < 0.01) ; b R RS MR R FE bR, Ho i T AR BR/)N , T B B A7 i AR RS, i
FRIE, T 2 8RR W] : CK 5 50% \70% 90% AbF[E] 22 54K B3 (P < 0.01) , iR BT AR JLERE TR
o AR B/ T AR AR , B E OB IR OGRB AR FE R , R BRI A AR Y T AR BRI RO A
YERIRTRE, SATIZEIERA B 00 T , AR AU BRE @ 3 1 i B A W & 1) - T AROR T OB RE , S_ADGEIE TR
HIDGRE , LI RLAE s G E

F1 EHXNFILREERSHENRM
Table 1 Effect of shading on morphological characteristics of C. manshurica

Ab3 s ZE AL NI
Treatments Stem height/cm Stem diameter /cm Specific leaf area /(cm?/g)
CK 48.75 £1.715E 0.29 0. 0424 136.64 +12.63

30% 50.40 +3.78%8 0.29 £0.02% 153.97 £15.05®
50% 61.50 +4.36** 0.27 £0. 0448 170.01 32,9248
70% 48.75 £4.16%F 0.25 +0. 02248 201.86 +21.95%*
90% 44.75 +5.68°® 0.22 +0. 03" 210.36 +5. 984

BAENFHE = EE(n=15), ARTRHRERBE, NETFRFR P<0.05, REFHFIR P<0.01

2.1.2 GERHAEIEXT ARICERGE A Y2 R

AFER AL B RACR R E S W E YR EA R B ZEMN R (£2) . BEMBE X RS EYEY
£30% >50% >CK >70% >90% ,HH 30% 50% 5 HoAth b B i) 22 Fe Al B2 (P <0.01) ; Vi B BB A
FIFARIREEMNERET . 2UREG T RIBREER MM HRAEY RS ,CK.30% 5 70% ,90% Z [4]
FEEREZR(P<0.05),CK 5 70% 90% Ab = F ik B (P <0.01),
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F2 EREMNFRILREEEMENZIN
Table 2 Effects of shading on biomass of C. manshurica

£ g B T R AR i

g RAREENR £y L ki MR
Biomass of root . . Biomass of unit .

Treatments . Biomass of stem /g Biomass of leaf /g ) Total biomass /g
and rhizome /g leaf area /(mg/cm”)

CK 3.30 £0.18°® 1. 30 £0.11%8 2.93 £0.12°® 7.43 £0.98%4 7.53 £0.15<
30% 4,23 +£0.27* 1.65 +0.05* 4.04 £0.20% 6.67 £1.15%8 9.92 +0.26*
50% 3.83 £0.51% 1.55 +0.08% 3.85+0.11% 6.11 £1,382bABC 9.23 +0.61"
70% 2.86 +0.09% 1.31 £0.10%® 3.05 +0.08°® 5.02 +0. 58"5¢ 7.22 +0.13<C
90% 1.79 £0.11°¢ 0.84 +0.08< 2.20 +0.084¢ 4.78 +0.39" 4,83 £0.19%

BAERFHE + EE(n=15), ARTRRERBE, NETFRFR P<0.05, REFRHFR P < 0.01

2.2 GEBHAIEXARILERGE LA R E R
2.2.1 FRACERLIET FEob G HE B L

SRR EREWDL AR EERRANZ —. B 1 R, LR T RIGLELEEHRH B E
B R T 2, B B B PR B, PR S BIAE 10:00 1 14:00530% BB ALHE T i A R 2R 8
B B T 50% 70% 90% AbFE 2 B th 2% , P, =iy i BIAE 10:00, CK.30% .50% .70% F190%
KO3 E Y P51k 7.9.8.47.8.13.6.64.5.22 pmol-m >s ™' K 4L B [E] 2R B E (P <0.05),
2.2.2 FHRABRLESILFEHZL

SAATHEEZ NI R GREZZER CO, KR, KL AR 5K ZME CO, FiKiR
PR R A . AL RS R T AR Rk, FUR RN R A VR A 7K AR
B4R R R AR T BEXT AL S B ™ o B 2 AT, R R B AR B 6, B AR (L ELA — i HAR L,
CK #130% 7£ 12:00 H IARARE, 14:00 5B EF, LG H R W EF;50% 70% Fi 90% b3 ] 2 e &
A4k, FAFAEFBE(P<0.05),

16 - —e— CK —&—30% —a—50% 350 —— CK —&A—30% —a— 50%

e —A— 0% —K— 90% = —A&—T70% —K— 90%
T E -
g o T £
e % 2
SE E S
o= 4 g
*6 F‘»ﬁ
&~ r

0 1 1 1 ]
. . . R . 0 1 1
08:00 10:00 wg,?o 14:00 16:00 08:00 10:00 12:00 14:00 16:00
I} Time i Time

Bl ERLERILREESLAEEATL
Fig. 1 Diurnal changes of net photosynthetic rate of C.

E2 BERHLERLKEKESASERZL

Fig. 2 Diurnal changes of stomatal conductance of C.

manshurica under different shading treatment
8 manshurica under different shading treatment

2.2.3  FRACBREKENIE CO, % H Al

A I BT ALBEX ARACRLE C; B AR R —20 (18 3) , C =R BB, P a2 Rl %
A TR REOLEERM, M CO @ ATV B, SB T B LAIMIE PR CO, W R 58 :00 LUJF BEE I
S BE B I, ORI I, A ML ETBR CO, YR BE BB 5 12:00 LUE e & AR5 , CO, [RALA R T F, 7
it 2R BV R COL ARRAE LA EI B A , S E] CO, W BT N . A FRIERIAL BRI BREKE C 27 BE
(P<0.05),
2.2.4 FRACBREGEFIEE R H A

AR ERA RIS R Y B A EZEN . 2B MR S48 1Rz, i %+

hitp : //www. ecologica. cn



6766 = R S 30 &

R EFRY R ME R REIRE ™ o RFEB AL AR LRk 28 1 R H 28 (k3 2 At 28, CK.30% .50%
7E 10:00 A FNUE(E,70% H190% WIFE 12:00 IRENE(E(E 4) o ARILERLE E HIE30% >50% > CK >70%
>90% , A[FIAbBEE 25+ % (P <0.05)

350 —e— CK —A—30% —=—50% 5 —— CK —&—30% —=—50%

—A— 70% —¥— 90% —A— 70% —H— 90%

w
S
S

250

Transpiration rate

200

ZE M 2 /(mmol-m™2.s7")

JRICOL ¥ JE/(umol-mol )
Stomatal CO, concentration

150 ! | | | 1 I I | |
08:00 10:00 12:00 14:00 16:00 08:00 10:00 12:00 14:00 16:00

Hif JB) Time B i) Time

B3 ERLERIGEERE CO, REATL B4 ERELERILKEERBERATL
Fig. 3 Diurnal changes of stomatal CO, concentration of C. Fig. 4 Diurnal changes of transpiration rate of C. manshurica

manshurica under different shading treatment under different shading treatment

2.2.5 FRILBREIEKSF AR H AL

7K 43I FA A5 3 B 78 I R DG B R P RE , A [F] I R AL B AR AU AR 2Rk 43 A FHAICR 10:00 BHA BB 5
W T, 12:00 FHEIRA)E B 7, 22k (8 5) ,CK.30% .50% 70% 90% AL 38 E H H{EH 555 -
2.47.2.46.2.32.2.25.2.09 pmol CO,/mmol H,0, 90% A SHAMAEEZ R EE (P <0.05),
2.2.6 FRILBREHESALBREBIE A AL

1 & 6 AT, AR B AL AR I gk S E S FLBR HIME B AR (b BB — & AP . CK 1 30% 4bFE7E 12:00
RFNEAE ,50% 70% F1 90% AbBEJEAE 14 :00 3K BB Hle, Farquhar i Sharkey ™ ANy, 2R E L& @R M T
MBS ALEZ MR ILE ZWARN . 7E4 [ BRI T, M P20 B PR S BRI e
JITHE, &5 E BRI RN, g FFLEHT , I P 20 B 18] BR P B9 CO, ¥ e i OG- e P AT U

—— CK —&—30% —=—50%

4.5 —— CK —A— 30% —a—50% 0.6

= —A— 70% —K— 90% . —A— 70% —H¥— 90%
£ 335 ENE
S5 g
£ 2 g 294
i3> B Z
X 2 g
=5 ol £ 02
=5 L
&= g
® 0.5 | | I ] 0.1 | | | ]
08:00 10:00 12:00 14:00 16:00 08:00 10:00 12:00 14:00 16:00
) Time I5f ] Time
ES5 EBELEBERILHKEEKRIFIAREATL E6 EBHLBRILHKEESILIRHUEHETL

Fig. 5 Diurnal changes of water use efficiency of C. manshurica Fig. 6 Diurnal changes of stomatal limiting value of C.

under different shading treatment manshurica under different shading treatment

W LR IR At A R o SR IR CO, Wk BE RIS FLRMIME L, AL AT s e 4 PR
WL HEHRRIAER S ERHAERIEILER S EFMAL HFEDLEERITE TR, PRI &
i, AR E] COL WL C AR, ALIRMIE LIty SLa B R T e 2R i SFLBR B R 5 5 0 P4k
B, C, LI, LT M, MG 6 A SR R e LA TR B 3 7 el 1 P81 2 81 3 IR 6 AT, AR
JEBREGE L PR B i LRI R R B o
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3.2 IEBAALHEARINERE M R SRR

MFK 3 B i, BEE BB Mg I, AR a M-SR S BA A RBREIEM, 0% EH THERD &
BERTHE4 ML (P <0.01) ;90% BB THEER a /b FRERM, WHIES IS T , RILEREERT
BZEADEP RSO, FEE R RSN, HA SR B N, TR SR b TR AR L
BRI T A O, (RIF BRI S RETT

x3 ERLEXNFILGLEHERRIENHN
Table 3 Effects of shading on Chlorophyll contents of C. manshurica

g} H-4¢t% a Chl a H-%4t#E b Chl b R BE M43 a/b

Treatments /(mg/g) /(mg/g) Total chl conent/(mg/g) Chl a/Chl b
CK 1.45 £0.035< 0.29 +0. 008<E¢ 2.17 £0.065< 4,99 +0.044%
30% 1.55 +0.013B¢ 0.32 0. 002bEC€ 2.34 x0.021b8C 4.84 +0.025¢¢
50% 1.56 +0.0405¢ 0.26 +0. 068 2.33 £0.083bEC 5.32 £0.068%*
70% 1.63 +0. 109" 0.36 £0.025 2.45 0. 1608 4,54 +0.035%
90% 1.95 +0. 0442 0.46 £0.013* 2.95 £0.068%* 4,28 +0.032°F

BUERPHME = iz (n=15) , RRIFRURERF BH,/NEFEFR P <0.05, REFEFRR P<0.01
4 iFig

HPIRIE R IGOL- 500 IS8 BEA VI G R , A o't 10038 I 8 R BRAE OB 5 A AE W L 22 T8 N 1R A AT
PETTE T ARk A KL o S F BRI, B — R A A KR T . WEBNEYRHE
S BRSO TR ) S 2R (G HEGRBE T , 5 0 25 AF AR 20, i - 08D, I R T EL B K, A RO
BT X T A L 8 BRI RCA T AR R T » ARSI R R, AR EXT S H3E B A2 51
18 R BSOS H AL TE & — B, 30% B AL B, ARALBREGE R MM AW B, SHMAEER B
% ULHA 30% AL T AE A M B R IR X AR AL BREGE I , BB RS SR, RNE B M T#cR
MFRIBLENERRE X 5B ILE S A K RENFRER BT REYEZMEEHE, AL
SRR At B BRIBURE ™ B S SRR T, AR LAk st L P T LS 8 O B B A DB 55 T A, 08 A 7R bkt
TERESS 6 IR il S A & T AR RIS IR ARAIE—5E BB & AR R (ELREE BB B6 BE A3 I , Ot & 1R & U™
Yy BRI, FELT0% 1 90% WAL BEAR AL BRAKTE 2R KA, AR B TR, AF THbR AR, LB
W BEE B AR T ARIREGER K . (AFEFEIRE T ARILBRLEZE TR MK, NI 7EZE B IR 2 B4 1
IR U TR R BE I BE R SR A RE AR S b SRR T B AE— B/ N B X A 2 T 2R A L
ot AR S ARZOCRIUVEE] T . W R — WA RO AR , B A [R] H3E L R R0 1
BORX TR —FRIE R

MR EEYRLE AR, BARICEEEE T HIIRE. B3R5 Ay g s i A R
WERATRICEZHOERE™ o BEE BRI AR AL B4R (a + b) MIRHGER b SRR A AT
AR RRERE ST, SR S B AR R (MR a/b [ERIBEE R T35 B M MR IR 8D , 3R AR A % 55
SEFREERIAEFE R BT, MR (a + b) MIFHGER b S RIFE TN R a/b HERARRHE YR 558
REFBRA NIRRT o ASBFIRSE R R, HEE YE SR MR SS AR L BRI 4R o RINMR R b M R
T,90% BT T FIARICREGEM 7 SR S B, AR BREEAE SO T T KOBRE IR iR, X 5
Dai Yajuan 28 A" % = -5 (9BFIE 45 R — B AR IBKLRET G EK a/b 1 H(HHBEE YR MR, 75 &
TRACERER S R T WA 0 AR AE , 3 5 LAt ) BP9 25 SR — 30, A % 58 D 3 B B

HYHDEEER ZEBER LT JME CO MBI, AR EATFAN T BR5E Fh ot BRGE BE IR BE X2 B2
ZIERRARAER R I EOL/E A IOLRRES , LBt B 55 B2 A3 i e fik. A oeiiad 5, e & e
B, B R T YARRED N IR AEK, IF BA R AT BE BB AL B SR 5 TG FR G 3, e A AL R ) 2
K, EREWERER TR, PIREREN,30% EHABERMA T RICREESL G BEREHAMLE R, 24
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B PR BRAR , BB 30% 3 B2 B A0 B AT A REAROL IR0 B2, I 7E — AR B b MR, A R ksl 7 2Rt
BREERIMERET , Bk M , A BOIEBR T A O E R AR BIR, BERE T RIRLERN L
BRI P ARICREEO G EREV B A" PR R b6 3 3R 7E— % i A BEOL IR 55 BE 19
BRI (A FiRE T R EMZE. HRTHE, PR AERTINGR, AL, Bl 2B IR A T ARIE R
B E B R FER S ALK AR K, BRI SALSEH F BU 5 TTT 50% \70% 1 90% B 51 T 7R
JEBREE R R A B B 2, B R B PRI, U B TR BE M ik e 1 2 i e R AIRLE
1H T AR i BE B OB & RCRAE, AR T ARILBREE R A K . NI, 7R A S0 BR B & YA HOL R,
AR TFARIRLGEFOL G HE R AR S , KRR R AR IREE ™ B
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