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Abstract: By methods of sand culture and pot culture, effects of stresses of NaCl, Na,SO,, Na,CO, and
NaHCO, with different concentrations on seed germination and seedling growth of Cannabis sativa
‘*Yunma 5’ were studied. The results show that when stressed by four salts with concentrations of
0 (CK), 50, 100, 150, 200, 250 and 300 mmol - L™ for 7 d, respectively, germination rate,
germination energy, germination index and vigor index, and lengths of radicle and hypocotyl of seeds all
are gradually decreasing as rising of salt concentration, and except hypocotyl length in treating groups of
NaCl and Na,SO, with concentration of 50 mmol - L' is significantly higher than that of the control, all
indexes of seeds in all treating groups are lower than those of the control, in which, there are significant
differences (P<0.05) in all indexes of seeds under 100—300 mmol - L' salt stresses with the control.
Stressed by four salts with concentrations of 0 (CK), 100, 200 and 300 mmol - L™, respectively,
seedling height increases gradually as prolonging of stress time (0-24 d), but its increasing range in all
treating groups is obviously smaller than that of the control. As rising of salt concentrations, dry weight,
height and root length of seedling decrease gradually and are lower than those of the control;
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relative electrical conductivity of leaf increases gradually and is higher than that of the control, in which,
there is no significant difference in relative electrical conductivity only in treating groups of 100 and 200
mmol + L™' Na,SO, with the control; and root-shoot ratio of seedling in all treating groups is significantly
smaller than that of the control. There are various effects of different salt stresses on chlorophyll content
(SPAD value) in seedling leaf, in which, there is no significant difference in SPAD value between all
NaCl treating groups and the control, and SPAD value in all Na,SO, treating groups is significantly higher
than that of the control, while, as rising of concentrations of Na, CO, and NaHCO,, SPAD value reduces
gradually and is lower than that of the control. Moreover, seedlings die under stress of 300 mmol - L™
Na,CO;. The result of comprehensive analysis indicates that stress effect of Na,CO, on seed germination
and seedling growth of C. sativa is obviously stronger than that of other three salts; resistance of C. sativa
to salt stress varies with salt type and salt concentration, and during different development periods (seed
germination period and seedling period) , there is a certain difference in sensitivity of C. sativa to salt

%24 %

stress.

Key words: Cannabis sativa Linn.; salt-alkaline stress; seed germination; seedling growth
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&1 AEXKE NaCl,Na,SO, Na,CO; 71 NaHCO, ffi Xt K i G Ff ¢
Table 1 Effect of stresses of NaCl,
‘Yunma 5’ (X+SD)V

=K

S MFAHE BRI (X<SD) Y

Na, SO,, Na, CO; and NaHCO;, Wlth different concentrations on seed germination of Cannabis sativa

AR Treatment B g, KR % KJE/mm  Length B 48 8 —
Ay ¥ /mmol + L Germination Germination R Radicl T Ce@ination Vigor iidex
Salt component  Concentration energy percentage i adicle L4 Hypocotyl index
NaCl 0 77.7+0.2a 92.2+0. 1a 48.66+0. 18a 41.33+0.31b 44.60+0.43a 3 968.95+0.52a
50 76.6+0.3a 85.5+0.1a 43.33+0.23b 53.66+0.26a 40.10+£0.52b 3 889.29+0.31b
100 74.4+0.2a 88.8+0. lab 31.66+0.32¢ 40.66+0.41b 36.15+0.45¢ 2 614.36+0.67c
150 70.0+0. 1b 85.5+0. 1ab 20.00+0.41d 20.66+0.35¢ 34.75+0.71¢ 1412.93+0.73d
200 60.0+0. 1¢ 78.8+0.2b 17.33+0.29d 16.00+0.29¢ 30.85+0.52d 1 028.23+0. 46e
250 15.5+0.2d 50.0+0. 3¢ 10.33+0. 26e 8.33+0.38d 12.20+0.44e 227.65+0.51f
300 6.6+0.2e 35.5+0. 1d 9.00+0.33e 5.33+0.43d 7.32+0.31f 104.89+0. 66g
Na, SO, 0 77.7+0.2a 92.2+0.1a 48.66+0. 18a 41.33£0.31b 44.60+£0.43a 3 968.95+0.52a
50 81.1+0.1a 92.2+0.2a 38.66+0.26b 50.66+0.44a 42.85+0.56a 3 827.36+0.63b
100 71.120. 1a 88.8+0.2a 29.33+0. 19b 12.33+0.29¢ 40.45+0.50b 1 685.14+0.51¢
150 45.5+0.2b 83.3+0. 1a 19.33+0.25¢ 6.33+0.38d 30.35+0.64¢ 778.78+0.39d
200 17.7+0. 3¢ 47.7+0.4b 12.00+0.33¢ 2.33+0.45d 12.70+0.39d 181.99+0. 48e
250 1.1£0. 1¢ 18.8+0.2¢ 6.33+0. 16d 3.00+0.51d 3.25+0.34e 30.32+0.55f
300 0.0+0.2¢ 1.1+0.3d 1.66+0.11e 0.33+0.23e 0.00+0. 23f 0.00+0.23¢g
Na, CO4 0 77.7+0.2a 92.2+0. 1a 48.66+0. 18a 41.33+0.31a 44.60+0.43a 3 968.95+0.52a
50 77.7+0.2a 87.7+0.2a 4.66+0.26b 6.66+0.25b 39.90+0.62b 251.66+0. 64b
100 40.0+0. 1b 65.5+0.2b 1.66+0.33b 6.00+0.39b 22.40+0.56¢ 171.58+0.58¢
150 13.3+0.2b 25.5+0.3c¢ 2.00+0. 18b 3.66x0. 16bc 9.10+0.33d 51.50+0.53d
200 2.2+0.3¢ 14.4+0.2d 5.33+0.21b 1.33+0.41¢ 3.10+0.21e 20.64+0.61e
250 0.0+0. 1¢ 8.8+0.2d 3.66+0.23b 0.33+0.28¢ 1.15+0. 25¢ef 4.58+0.55f
300 0.0+0. 1c .0£0. 1e 0.00+0. 19b 0.00+0. 13¢ 0.00+0. 22f 0.00+0.23¢
NaHCO,4 0 77.7+0.2a 92.2+0. 1a 48.66+0. 18a 41.33+0.31a 44.60+0.43a 3 968.95+0.52a
50 84.4+0.1a 92.2+0.2a 6.00+0.26b 12.33+0.38b 43.80+0.54a 802.85+0.50b
100 74.4+0.3a 83.3+0.2ab 4.66+0. 15b 6.00+0.34c 39.30+0.67b 418.93+0.49¢
150 43.3+0.3b 80.0+0.2hb 2.66+0.29h 6.00x0.42¢ 29.30+0.53¢ 253.73+0.71d
200 42.2+0.2b 77.7+0.2b 3.00+0.22b 5.00+0.53¢ 29.00+0. 36¢ 232.00+0. 63e
250 14.4+0.3c 31.1+0.3¢ 2.33%0.17b 3.33+0.22¢ 8.95+0.48d 50.65+0. 56f
300 6.6+0.4c 18.8+0.2d 2.33+0.41b 4.66+0.25¢ 5.10%0.23e 35.64+0.35g

D a3 rh R [R] 1 /INE bk 22 R [a] — 3h 40 S 6] v B b 3 a] 2% 55 .3 (P = 0. 05) Different small letters in

the same column indicate the significant

difference among different concentration treatments of the same salt component (P=0.05).

R 5 Bt 0 W 8 444 o 459 2 2 B AR P i 3, v
TEALFRIY 16 F124 d A5 AN [F] v B2 A B 2H W] 4)7 i
MR A 25

1 AT LAE ) FEA R BE NaCl Fi Na, SO,
B 2T, ZEALBE 8 (16 Al 24 d B 45 A FEZH A 4
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1
Fig. 1

T E# E NaCl,Na,SO, Na, CO; #1 NaHCO, B & T XRS5 S’ $h#kEHEN
Change in seedling height of Cannabis sativa * Yunma 5° under stresses of NaCl, Na,SO,, Na, CO; and

NaHCO; with different concentrations

2.2.2 MG KHw LR (FR2) K.
fifi NaCl ,Na,SO, .Na,CO, Fll NaHCO, ¥ J& () T+ 55 , KR
LT AR 1A 2 8 N 1 e LS4 TR R G
H1,{% 100 mmol + L™' NaCl Fl Na, SO, Zb#ELH 41 AR
Ej xR 22 R i 2 A AL B ZH A A AR K 38 5 0 IR
ZS R, WA A BN, AN FVEEE Na, CO, AL
2H Ay B AR A R S

2.2.3 NG TFREARD LG H R LR R
(%62) W . NaCl Na, SO, .Na, CO, Fl NaHCO, ¥ &
AT, KRR ST 1 1 B i A S e N Ea ) B
PR E/NTX R AR[FVWEE Na,SO, 1 Na, CO, AbFEZH
LIPS L B e B T R S s N R A AN (]

e NaCl Al NaHCO, 4b P 20 &)y 15 i 4R 76 1 Bl i 132 T
1o DU S22 2 T el /)N e i W 43 K ) e 3 {HL 4% 38 0 AN [
e RE AL FRLAH 1) AR e EE X S S /N T R il ke
AT UL, TR e BE Na, CO, Ab #4241 i 4 v T I S AR
ek LU B IR A

2.2.4 setRArGEESEN R LR R(FK2)
FER AL B 1) 4 kR A3 e Ak 386 SRR &) i i
B2 2 B HA R[] B2 I 800, AS TR MR B2 NaCl
AbFHEH Y Rt S 3R O i (SPAD fH) B T KT
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%2 F[EIME NaClNa,SO, Na, CO; #1 NaHCO; BhiE & H T AH @M ZH 5 S’ EHERKEFR HAHEFEAENHENESENTH

(X+SD)Y

Table 2 Changes in seedling growth index, chlorophyll content and relative electrical conductivity of leaf of Cannabis sativa ‘ Yunma 5’ under
stresses of NaCl, Na,SO,, Na,CO; and NaHCO, with different concentrations ( X+SD)")

HAL Treatment Wk/em AT It e I
] oy W& & /mmol L Root length Dr};::sii?t of Root-shoot ratio  Chlorophyll content®) Relatlv(;e ei.ec.ttncal
Salt component Concentration seedling conductivity
NaCl 0 24.13+0.45a 1.41+0.56a 0.10+0.39a 28.23+0.26a 68.24+0. 13¢
100 21.23+0.36a 0.87+0.43b 0.09+0.53b 29.26+0. 19a 77.26+0.22b
200 16.33+0.43b 0.64+0.62b 0.08+0.61¢ 26.03+0.32a 82.77+0. 16a
300 16.32+0.21b 0.49+0. 54¢ 0.09+0.58b 25.90+0.22a 86.30+0.31a
Na, SO, 0 24.13+0.45a 1.41+0.56a 0.10+0.39a 28.23+0.26b 68.24+0. 13b
100 21.02+0.52a 0.89+0.36b 0.09+0.46b 32.78+0.28a 73.38+0. 19ab
200 14.45+0.39¢ 0.65+0.65b 0.08+0.53¢ 35.44+0.11a 74.17+0.28ab
300 10.11£0.28d 0.48+0.39¢ 0.07+0.44d 32.30+0. 16a 80.28+0.21a
Na, CO;4 0 24.13+0.45a 1.41+0.56a 0.10+0.39a 28.23+0.26a 68.24+0. 13b
100 11.89+0.39b 0.60+0.63b 0.08+0.60b 19.39+0.33b 76.19+0.33a
200 7.1420.42¢ 0.38%0.71¢ 0.05+0.49¢ 10.35+0. 13¢ 82.35+0.31a
300 6.82+0.33¢ 0.21+0.53¢ 0.03+0.38d - -
NaHCO,4 0 24.13+0.45a 1.41+0.56a 0.10+0.39a 28.23+0.26a 68.24+0. 13b
100 16.68+0. 34b 0.89+0.71b 0.09+0.44b 25.91+0. 15a 78.05+0.29a
200 10.93+0.28¢ 0.58+0.63¢ 0.07+0.32d 21.57+0.07ab 79.47+0.41a
300 10.69+0.39¢ 0.44+0.52¢ 0.08+0.21¢ 15.28+0.17b 85.03%0.31a

O )51 oS ] 1 /N B 6 7 [] — 843 AS [7) o 5 Ab B A) 22 5 2 2 (P = 0. 05) Different small letters in the same column indicate the significant
difference among different concentration treatments of the same salt component (P=0.05). “-", FHARSETS The plant died.
D £k E i SPAD {2575 The chlorophyll content is measured by SPAD value.
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