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A role of apoplastic flow in salt stress mitigation by salicylic acid and chitosan
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This thesis has three chapters. Chapter 1 introduces the background, rationale, and objectives of the study. Rice (Oryza
sativa L.) is a staple food crop important for global food security. The yield potential of rice is very sensitive to soil
salinity due to excessive Na* accumulation in plant cells that disrupts cellular functions. Apoplastic flow contributes to
Na* accumulation in rice, and apoplastic tracer, trisodium salt of 8-hydroxy-1,3,6-pyrenetrisulphonic acid (PTS) is
commonly used to assess apoplastic pathway. Various exogenous chemicals such as polyethylene glycol, silicon, proline,
and betaine have been reported to reduce the apoplastic flow in rice. Although exogenous salicylic acid and chitosan
reduce Na* uptake and help maintain K*/Na* balance, the effects of salicylic acid and chitosan on salt-enhanced apoplastic
flow remain unclear. This study investigates the effects of exogenous salicylic acid and chitosan on salt-enhanced
apoplastic flow in rice seedlings.

In chapter 2, I investigated the effects of exogenous salicylic acid on apoplastic flow in salt-treated rice seedlings using
an apoplastic tracer, 8-hydroxy-1,3,6-pyrenetrisulphonic acid (PTS) in light. Application of 25 mM NaCl significantly
increased PTS uptake while 25 mM NaCl did not affect seedling growth. Application of 25 mM NaNOj increased PTS
uptake to the same degree. Salinity significantly increased sodium (Na*) content but had no significant effect on potassium
(K*) content, resulting in a lower K*/Na* ratio. The application of salicylic acid at 0.05 mM and 0.1 mM to the hydroponic
solution significantly reduced Na-enhanced PTS uptake, Na* content and slightly increased K* content in shoots, resulting
in a higher K*/Na™ ratio. These results suggest that exogenous salicylic acid reduces Na* uptake by suppressing Na*-
enhanced apoplastic flow in rice seedlings.

In chapter 3, I investigated the effects of exogenous chitosan on apoplastic flow and Na* uptake in NaCl-treated rice
seedlings. We employed an apoplastic tracer, PTS in order to evaluate apoplastic flow in rice (Oryza sativa L., cv.
Nipponbare) seedlings that were hydroponically grown in the solution containing NaCl (0 and 25 mM), and chitosan (0
mg L', 10 mg L', and 50 mg L!). Application of 25 mM NaCl significantly increased PTS uptake and Na" content in
shoots but did not affect K* content, resulting in a lower K*/Na* ratio although 25 mM NaCl did not affect the seedling
growth. The application of chitosan suppressed Na“-enhanced PTS uptake and Na® accumulation in shoots without
affecting the K™ content, which led to a higher K*/Na™ ratio. Chitosan did not affect the reducing sugar content or electrical
conductivity in the solution containing NaCl. These results suggest that application of chitosan suppressed Na*-enhanced

apoplastic flow to reduce Na* uptake in rice seedlings.
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