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Photosystem Responses and Photoprotection in Macadamia under Steady and
Fluctuating Light

WU Haibin, GAO Xiaojun, LI Yifan, HUANG Shuaifeng, YAN Kannen, PENG Wenhong, YANG Yaowen,

ZHAO Hong', ZHANG Qianghao’

Yunnan Institute of Tropical Crops, Jinghong 666100, China

Abstract: To clarify the adaptive mechanisms of Macadamia to dynamic light environments, we used cultivar O.C as the ex-
perimental material and employed a Dual-PAM-100 fluorometer to investigate the functional responses and energy parti-
tioning patterns of photosystemlII (PS II') and photosystem I (PS I) under steady light (100, 800, and 1 600 pmol-m™-s™")
and fluctuating light (alternating 4 min of low light at 100 pmol-m™-s™" and 3 min of high light at 800/1 600 pmol-m™-s™").
Results showed that under steady light, the maximum photochemical quantum efficiency of PS Il under light (Fv'/Fm') de-
creased significantly with increasing light intensity, remaining persistently at a low level under 1600 umol-m™-s™'. In con-
trast, the non-photochemical quenching coefficient (NPQ) exhibited an increasing trend, rising rapidly to a high plateau
and stabilizing under 800 umol-m™-s”'. For PS Il energy partitioning, the effective photochemical quantum yield (®esy) was
enhanced under 100 umol - m™”-s™', whereas the light-dependent thermal dissipation quantum yield (®xpo) was upregulated
under 800/1 600 pmol-m™”-s'. At 800/1 600 pmol-m™-s"', PS I primarily maintained electron transport homeostasis by
boosting donor- side thermal dissipation efficiency [Y(ND)] and acceptor- side thermal dissipation efficiency [Y(NA)],
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thereby forming a synergistic protective effect between the two photosystems. Under fluctuating light, Fv'/Fm' displayed

periodic fluctuations characterized by high-light inhibition and low- light recovery, with NPQ showing an opposite re-

sponse and exhibiting a "memory effect"; the adaptability of the photosystems improved with repeated cycles. Collectively,

Macadamia constructs a photoprotective mechanism centered on NPQ-mediated thermal dissipation through the synergistic

regulation of PS I and PS I, with 800 pmol-m™-s™" identified as the optimal light intensity for photosynthetic adaptation.

This study aims to provide a physiological basis for the precise regulation of light environments and the breeding of high-

photosynthetic-efficiency cultivars in Macadamia.
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