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Abstract: To explore the effects of smoke water treatment on the seed germination, embryo
growth, and physiological indices of P. yunnanensis and its variety, P. yunnanensis var. pygmaea,
as well as to clarify their response differences and the feasibility of smoke water as a simulated
fire signal to stimulate tree growth and development, seeds of two pines were treated with smoke
water of different concentrations and changes in their germination characteristics, embryo growth
status, and related physiological indices were analyzed. The results were as follows: (1) The

germination and physiological indices of both seeds depended significantly on the concentration
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of smoke water (P<0.05), showing a trend of promotion at low concentrations and inhibition at
high concentrations. (2) The germination indices of both species peaked at 0.5%, where the
germination rate and germination potential of P. yunnanensis increased by 22.80% and 62.54%,
respectively, while those of P. yunnanensis var. pygmaea increased by 12.50% and 110.83%,
respectively, compared with the control (distilled water treatment). (3) Two species differed in the
optimal smoke water concentration for embryo growth. The longest hypocotyl and radicle of P.
yunnanensis were found at 1% (increased by 31.96% and 67.89%, respectively, compared with the
control), while those of P. yunnanensis var. pygmaea were found at 0.25% (increased by 18.18%
and 60.77%, respectively, compared with the control). (4) At low concentrations, the smoke water
enhanced the activities a-amylase, protease, and lipase, increased soluble sugar and soluble
protein content, and reduced malondialdehyde content, improving seed metabolism and
antioxidant capacity. (5) P. yunnanensis seeds showed higher sensitivity to smoke water than P.
yunnanensis var. pygmaea seeds. In conclusion, the smoke water promotes the seed germination
and embryo growth at low concentrations by enhancing the conversion of storage substances and
regulating the antioxidant system, and thus can be applied as a safe and controllable simulating
fire signal in seedling cultivation.

Key words: Pinus yunnanensis, Pinus yunnanensis var. pygmaea, smoke water, seed germination,
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Different lowercase letters indicate significant differences in the same index under different smoke water
concentrations (P<0.05) , the same below.

B 1 BKREXNEER. ERMTFREER (A . RFH (B) KW
Fig. 1 Effects of smoke water concentration on germination rate (A) and germination
energy (B) in seeds of Pinus yunnanensis and P. yunnanensis var. pygmaea
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Fig. 2 Effects of smoke water concentration on hypocotyl length (A) and radicle length (B) of
Pinus yunnanensis and P. yunnanensis var. pygmaea
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Fig. 3 Effects of smoke water concentration on activities of a-amylase (A), protease (B) and
lipase (C) in seeds of Pinus yunnanensis and P. yunnanensis var. pygmaea
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Fig. 4 Effects of smoke water concentration on contents of soluble protein (A) and soluble
sugar (B) in seeds of Pinus yunnanensis and P. yunnanensis var. pygmaea
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Fig. 5 Effects of smoke water concentration on malondialdehyde content in seeds of
Pinus yunnanensis and P. yunnanensis var. pygmaea
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