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Effects of shading on growth and quality of triennial Clematis manshurica Rupr.

HAN Zhongming' , ZHAO Shujie' , LIU Cuijing', WANG Yunhe’, HAN Mei', YANG Limin"*
1 Jilin Agricultural University, Changchun 130118, China
2 Northeast Institute of Geography and Agroecology, Chinese Academy of Sciences, Changchun 130012, China

Abstract; [llumination is an important factor for agricultural production. To investigate the effects of shading on plant
growth and quality, five shading treatments were applied in triplication including a check (CK) , shading of 30% , 50% ,
70% and 90% , respectively, to a triennial herb species triennial Clematis manshurica. Plants were grown in fields shaded
by black plastic screen. Biomass, chlorophyll, photosynthetic characteristics and active ingredients were measured before
harvesting. Significant differences in plant growth and herb quality were observed among the treatments. Plant height
increased with the increasing of shading fractions. Highest stem diameter and biomasses of the roots and rhizomes of C.
manshurica were in shading of 30% , which differed significantly from other treatments. Stem and leaf biomasses in shading
of 30% differed greatly from those in CK, shading of 70% and 90% . Organ biomasses of C. manshurica in response to
shading varied. Rhizome biomass ratio and root/shoot ratio decreased with the reduction of illumination intensity, while the
stem biomass ratio and leaf biomass ratio increased with the reduction of illumination intensity. Biomass of C. manshurica

was assigned to stem and leaf growth in order to expand leaf area, absorb the more solar energy and maintain normal growth
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development under shading conditions. Photosynthetic pigment contents increased with the increasing of shading level, and
its contents were the highest in shading of 90% , which differed greatly from other treatments. However, the variation trend
of chlorophyll a/b was contrary. The chlorophyll b content of triennial C. manshurica increased with reduced illumination
intensity. As a result, the plant could fully absorb scattered light in order to keep higher photosynthetic capacity. This
differential effect of shading on the herb plant growth may play an important role in its shade-tolerance. The net
photosynthetic rate was 10. 86 pmol-m™s™" in shading of 30% , which was significantly higher than other treatments. The
stomatal conductance of C. manshurica increased to the maximum and then decreased with the increasing of shading.
However, the trend of intercellular CO, concentration was contrary. The intercellular CO, concentration in the shading of
30% was the minimum, which differed greatly from other treatments. The net photosynthetic rate and the total accumulation
of photosynthetic products of triennial C. manshurica decreased with the increasing of shading levels, as a result, sharp
decreases in biomass of C. manshurica were observed in the shading of 70% and 90% . The oleanolic acid content of C.
manshurica varied with illumination. Severe shading produced unfavorable effects on the growth and accumulation of active
ingredient in C. manshurica. And the oleanolic acid content of triennial C. manshurica varied greatly among the treatments
and plant growth stages, and higher ones appeared in CK and shading of 30% , which differed significantly from other
treatments. In conclusion, the results indicated that the appropriate shading could increase biomass of triennial C.
manshurica without decreasing the active ingredient content. We recommended that the best harvest time of triennial C.
manshurica should be after August if the production was not for seeds in practice, and this knowledge is essential for

formulating generalization regarding the cultivation of the species in Jilin Province, China.

Key Words: biomass; chlorophyll; photosynthetic characteristics; active ingredient
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F1 BB 3 FAEFRIEKEEERKFENRE(n=15)

Table 1 Effect of shading on growth characteristics of triennial C. manshurica

it B /om 24 /em EL IO I T iR /g bk /g
Treatments Height Stem diameter Rhizome biomass Stem biomass Leaf biomass Total biomass
CK 100.93+5.01 ¢ 0.4081+0.03 b 9.525+1.343 be 6.799+0.843 d 6.778+0.764 d 23.102+1.834 cd
30% 108.67+6.91 b 0.4389+0.02 a 12.194+2.042 a 9.135+1.589 a 9.272+1.175 a 30.599+3.945 a
50% 109.07+7.53 b 0.3837+0.04 ¢ 10.055+1.710 b 8.55+1.095 ab 9.008+1.255 ab 27.613+3.189 b
70% 111.93+9.90 ab 0.3631+0.04 ¢ 8.596+1.637 ¢ 7.827+1.161 be 8.45+0.904 be 24.873+3.012 ¢
90% 116.8+6.03 a 0.3241+0.02 d 7.35+1.292 d 7.151+0.994 cd 8.047+0.813 ¢ 22.549+2.067 d

Rl —FU R AR A AR R AR 225 35 (P < 0.05)

R2OEHXN 3 FEFREKEETWRABEHZI (n=15)

Table 2 Effect of shading on dry matter partitioning of triennial C. manshurica

Jb3 HEEAY R EEYR LgaEt7/hidad

Treatments Stem biomass ratio Leaf biomass ratio

W

Rhizome biomass ratio Root/shoot ratio

CK 0.411+0.039 a 0.294+0.026 b 0.295+0.036 ¢ 0.706+0.118 a
30% 0.397+0.033 a 0.298+0.027 ab 0.305+0.034 ¢ 0.664+0.089 a
50% 0.363+0.032 b 0.310+0.022 ab 0.327+0.038 be 0.573+0.08 b
70% 0.344+0.033 be 0.314+0.026 a 0.342+0.033 ab 0.527+0.082 be
90% 0.325+0.037 ¢ 0.316+0.021 a 0.359+0.042 a 0.486+0.087 ¢

[F)— S G AR A AR 3R 2257 B3 (P < 0.05)

2.2 EEPIXARACEREGE A RE T R e
2.2.1 P ARICERR E N S 2 B B R

BERAXT 3 AR A AR AUARER FENT S R S R L3 3, Jr 2 AT e SRR, 90 % SR AL PRI 48 R a 4R
b FIZEEHE bR 5HAAN I 5 10 2 ;70% 5 50% B 30% HEF Y CK AR E 48R o FIZEEHE b5
WEFADE MK b &5 50% 5 70% A HLR 22 5348 B3, 5 HAWAL BE 2% 55 18 35 ;90% MR 4R &K a /b {H
%, 5 50% 30% F CK AbPRAFTE 0 325 5 . U WA G RRSER BE (198055 , 3 4P AR ARJLERZTEm: b4 R &
RO, UHE M E b & B THE AR I Bk RENE 78 0 WCE St R ER O A RE T |

x3 EBXIEEFREELENEERS=MZM(n=3)

Table 3 Effect of shading on chlorophyll contents of triennial C. manshurica

szl H4EE a ¢ b ESVIE N 442 a/b
Treatments Chl a /(mg/g) Chl b /(mg/g) Carotenoids /( mg/g) Chl a/Chl b
CK 0.9403%0.016 ¢ 0.2482+0.0064 d 0.2270+0. 004 ¢ 3.7891+0.0341 a
30% 1.0683+0.0125 ¢ 0.3004+0. 0036 ¢ 0.2415+0.0007 ¢ 3.5564+0.0062 b
50% 1.2944+0. 1061 b 0.3775+0.0361 b 0.2827+0.0191 b 3.4324£0.0564 ¢
70% 1.3008:+0. 0665 b 0.3748+0.0186 b 0.2835+0.0239 b 3.4706+0.0174 d
90% 1.5711+0.1216 a 0.4722+0.0461 a 0.3327+0.0201 a 3.3319£0. 0689 d

Rl —FU AR A AR R AR 225 35 (P < 0.05)

2.2.2 WP ARACERLRE G A AR 1 R

AN X AR ICERZGE A SHAA B 225 (R 4) ,30% BRI 3 A R EHOL A HR N
10.86 wmol-m™s™" J& 90% HERHAL IR 1.8 £F, 5 H B R A M) 22 5 1 3 CK 5 30% ,70% 3 B Ak 34 ) 22
SN E BEE OGRS , LS ST B SRR, 70% \90% HET 5 H T Ab B 6] 22 5 25 5 T 30% J8E 1 Ak
PEA ] CO, W B 5 B A PR 22 55 0 385 A0 BT IA Oy, Bl 25 D6 IR A 08055 , R AU AR ol A R I, e m] o, &
Bl AL T, BT AALRIBR CO, MR B s 2RI R CK 5 30% AL BN 22 57 A B 3 P 5 H
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Table 4 Effect of shading on photosynthetic characteristics of triennial C. manshurica

b LA R Py SALFE 6, Jii) CO, e ¢, HBHE E KRR WUE
Treatments /(pmol-m™2s7") /(mol+m™s71) /(. pmol/mol ) /(mmol-m~%s7") / ( pumol/mmol )
CK 8.441£1.473 be 0.284+0.047 a 259.133£19.555 a 5.706+0.769 a 1.50020. 307 cd
30% 10.860=1.653 a 0.302+0.097 a 243.533+16.548 b 5.715+0.732 a 1.912+0.250 a
50% 8.857+0. 606 b 0.284+0.034 a 259.533+15.556 a 5.080+0.768 b 1.779+0.284 ab
70% 7.740+0.981 ¢ 0.240+0.029 b 257.600+13.415 a 4.768+0.567 b 1.62520. 111 be
90% 6.073+1.248 d 0.225+0.023 b 263.600+16. 673 a 4.489+0.610 ¢ 1.364+0.276 d
] — SN B AR AR TR R R 225 .2 (P < 0.05)
2.3 R AR AR ST RURRR & B2 12 ¢

OCK E30% [©§50% [E70% [490%

T A G ZR AU AR S S R R 1 e s DL 1, &5
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SR, A 8 A R R 30% |
50% F170% MR F 7 A A SRR & i,
S HABR R B 22 7 (P < 0.05) , ZJ5 TR,
H130% AL FE 8 F i A) PR R B S T B
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A4S 30% R S0% R AL BRI JC B & 2 5. WL, 45 & RACSGE N Y sh AR b, 38 B I Bk
AR FARICRGGERN AR KT, O 2 RS FR Y & 5 1 51 B B 2540, EAR T AR bk A K

(A, WAFI T HARR R,

3 iFig

SERAER Y A & B RS T B A, R BR A0 75 SR B X A [R] 0l BE G B A o 7, S5 A AR
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