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Effects of Zinc Stress on Photosynthesis and Chlorophyll Flouorescence Characteristics of Cannabis sativa L.
BAO Qi - bei',TANG Yin’*, TIAN Guang — ming’
jlang 315100; 2. College of Environmental & Resource Sciences,Zhejiang University , Hangzhou , Zhejiang 310029 )
Abstract

Cannabis sativa. [ Method] The effects of different concentrations of zinc on the photosynthesis and chlorophyll fluorescence characteristics of C.

(1. Ningbo Academy of Science & Technology for Inspection & Quarantine ,Ningbo , Zhe-
[ Objective ] The aim was to investigate the effects of zinc stress on photosynthesis and chlorophyll flouorescence characteristics of

sativa were studied with a solution culture. [ Result] The results showed that with the increase of zinc concentration, the levels of chlorophyll a,
chlorophyll b and carotenoids decreased,and the reduction orate of chlorophylla was the fastest compared with 2 pmol zinc treatment ( CK). For
the plants under zinc stress,net photosynthetic rate (Pn) ,transpiration rate (7r) and stomatal conductance (Gs) showed a downward tendency as
the concentration of Zn increased , while intercellular CO, concentration ( Ci) increased. During the stress process, ( Fv/Fm) ,actual quantum yield
(Y) ,photochemical quenching coefficient (¢P) , and electron transport rate ( ETR) decreased. The non — photochemical quenching coefficient
(NPQ) reached its maximum value at zinc level of 200 wmol/L on the 10th day,and then rapidly decay over time. The zinc tolerance of C. sativa
was related to the protection mechanism of chlorophyll b and non — photochemical quenching coefficient. [ Conclusion | Zinc had significant effects
on photosynthetic mechanism of C. sativa. The process of photosynthesis and metabolism was inhibited and damaged under zinc deficiency and high

concentration of zinc.
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Table 1 Effects of zinc stress on growth of C. sativa

FRRIE Zine 25K Stem H Root YR
concentration // pmol/L length //(:m length //cm Biomass //g
0 15.37+3.78 e 8.13+£1.94 b 8.62+2.34 e
2(CK) 47.96 £6.14 a 13.76 £3.17 a 28.67 £3.51 a
50 44.04 £4.29 b 14.63 £1.68 a 24.37£2.93 b
100 33.10+£5.43 ¢ 9.63+£2.29 b 19.76 £2.87 ¢
200 20.26 £4.08 d 7.67+1.67b 11.80+1.92 d

TE RIS T BER R 22 5 B (P <0.05)

Note: Difference letters in the same column stand for significant difference(P <0.05).

2.2 HEEMEXINERMEESENRM R 2 v, B
JolbaE 25 08 2 R AT TSURR v b 28 5 0 T v AL i o e vk
BRI, i R S B2 BRI, 5 CK AR L, SRR 2 3R
a4k b MIREA 8 MR EEAMN T T 64, 84% |
60.86% .43. 88% ., 5 CK #H k., ¥ & 40 ¥ (50, 100, 200
pmol/L) [ I 4% 2 a & &40 3 R FE T 29. 59% . 46. 56% .
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1.32.1.47.1.14 1.24 1.25,
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W, Ci B R BN 2 B TS, BRI 40 d 5,24
BRI N 0.50,100,200 pmol/L i, 5 CK ALk, P 435 F
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Table 2 Effects of zinc stress on chlorophyll content of C. sativa

PR
Zinc concentration
pmol/L

M2z a Fik

Content of chlorophyll a

mg/g

MERE b S

Content of chlorophyll b

mg/g

EKNE PREE
Content of carotenoid

mg/g

0
2(CK)
50

100
200

0.759 0 £0.090 4 eE
2.159 0 £0.140 4 aA
1.520 1 £0.226 3 bB
1.153 7 +0.149 0 cC
0.893 2 +0.087 4 dD

0.5733+0.017 4 eE
1.464 7 £0.107 4 aA
1.2772 +0.042 5 bB
0.925 7 +£0.020 3 cC
0.710 9 £0.016 2 dD

1.024 7 +0.147 7 dD
1.825 9 £0.345 7aA
1.618 4 +0.176 3 bB
1.3214 +£0.141 2 cC
1.2582+0.120 1 cC

T RIS R NG KRG R I330R 22 535 8 8.2 (P <0. 05) AR 8.3 (P <0.01) .

Note: Different lowercases and capital letters in the same column stand for significant( P <0.05) and extremely significant difference( P <0.01).
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Table 3 Effects of zinc stress on gas exchange parameters of the leaves of C. sativa

PR
Zinc concentration
pmol/L

HOL A AR (Pn)
Net photos-
ynthetic rate

wmol/(m’ - s)

ZENE A (Tr)
Transpiration rate
mmol/ (m® - s)

LR (Gs)

Stomatal conductance

mmol/ (m® - s)

] = A Atk B ( Ci)
Intercellular carbon
dioxide concentration

nl/L

0
2(CK)
50

100
200

7.346 £0.125 d
14.933 £0.203 a
12.287 £0.203 b
9.521 £0.480 ¢
6.627 £0.253 e

1.338 £0.050 d
2.243 £0.072 a
1.810 £0.036 b
1.607 £0.065 ¢
1.064 £0.041 e

0.072 £0.002 d
0.135+0.003 a
0.115 £0.003 b
0.089 £0.001 ¢
0.056 £0.003 e

345 +£5.156 5 a
260 +4.156 5 e
272 £2.516 7 d
278 £5.032 6 ¢
309 +3.1458 b

T [FFA R T RER 28 53+ .35 (P <0.05)

Note: Different letters in the same column stand for significant difference( P <0.05).
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Fig.1 Effects of different concentrations of zinc stress on Fv/
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Table 1 Effects of different time and concentrations of colchicine solutions on induction of Weiming Meigui grape

s ez e i 5% i
Treatment Concentration Time Survival rate Mutation Tetraploid
reatmen % h % rate // % rate // %
@ 0.4 48 22.77 a 1.17 f 0.80 gh
(@) 0.4 72 16.80 ¢ 2.70 e 1.24 ¢
® 0.4 96 16.29 ¢ 5.63 be 4.80 be
@ 0.5 48 19.33 b 3.52e 1.65 fg
® 0.5 72 13.13 d 4.73 cd 3.74 de
© 0.5 96 11.33 ¢ 6.37 b 5.12 ab
@ 0.6 48 16.90 c 4.50 d 2.15
® 0.6 72 12.97 d 5.76 b 3.13 e
©) 0.6 96 10.70 f 7.63 a 5.62 a

R(J53% %) Range (survival rate) 5.12 6.87
R(7553%) Range (mutation rate) 2.78 3.48
R(Uf%1A3 ) Range ( tetraploidrate ) 1.62 3.65

T : [P NG TR R AL BEAIE 0. 05 K- E2E R B35

Note ; Different lowercases in the same column indicated significant difference at 0.05 level.
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