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Abstract: The study addressed the industrial challenges of low flowering rate and reduced yield in off-season pitaya
cultivation caused by light and temperature limitations in tropical regions. By leveraging the unique advantages of
bio-based carbon quantum dots (CQDs) in enhancing photosynthesis and stress resistance, we systematically investi-
gated the regulatory effects on the photosynthetic characteristics, yield, and fruit quality of pitaya. Using four-year-old
Taiwan No. 6 red-fleshed pitaya as the plant material, different concentrations of CQDs (CDS,59, CDS;59, CDS3,
CDSsy9) and the combinations with nutritional elements (coCDS;, coCDSs, coCDSg) were applied. Through field
trials conducted in both summer and winter seasons, the dynamic changes in Rubisco activity, chlorophyll content,
flowering characteristics, yield, and fruit quality were systematically investigated. Results demonstrated that during
summer, CDS,s5o and coCDS;3, rapidly increased Rubisco activity by 41.05% and 20.46% respectively compared to con-
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trol, while composite treatments consistently outperformed single CQD applications. In winter, high-concentration
treatments (CDS,9, CDS;s¢) exhibited a "rapid activation-fast decline" pattern in enzyme activity, whereas composite
treatments maintained elevated Rubisco activity for 14 days. Chlorophyll synthesis was significantly enhanced, with
summer CDS,, increasing chlorophyll by 43.89% (versus 10.56% for chlorophyll a), and winter composite treatments
elevating chlorophyll b proportion to 61.80% without affecting chlorophyll a. Notably, CQDs significantly promoted
winter flowering with concentration-dependent effects, where CDSs, showed the most prominent increase (141.80%),
followed by coCDS;p and CDS;g. Yield analysis revealed CDS;y achieved 115.60% yield increase, while
high-concentration CDS,,, showed weakest effects, consistent with its regulation on Rubisco activity, chlorophyll con-
tent and flowering. The premium fruit ratio reached 80.91% under coCDS;(, with all composite treatments outper-
formed single CQD groups. Winter yield enhancement (58.24%) markedly exceeded summer gains (27.19%). The re-
search demonstrates that bio-based CQDs significantly enhance pitaya yield and quality by regulating photosynthetic
systems and reproductive growth, with particularly prominent effects under low-light conditions in winter, providing
technical support for off-season cultivation of tropical fruit trees.
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Fig. 1 Regulatory effects of different treatments on Rubisco activity during summer and winter
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Fig. 2 Regulatory effects of summer treatments on chlo-
rophyll in pitaya
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Fig. 3 Regulatory effects of winter treatments on chlorophyll in pitaya
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Tab. 1 Regulatory effects of different treatments on pitaya flowering
s 5 TFAEA 5 2T AE 4 He Bl SITAER .
Proportion of daily flowering to total flowering/% Total number of flowers =T
Treatment - — — — I(1l hm Increase rate/%
% 1 K Dayl % 2 X Day2 % 3 K Day3 %5 4 K Day4 (flowers-hm™)
CDS»00 10.81 29.73 59.46 0 4050+48.84° 49.01+10.42°¢
CDS»s0 11.90 30.95 52.38 4.76 4140+40.83° 52.60+6.54¢
CDS300 6.67 35.56 55.56 2.22 4485+36.11° 65.29+7.08°¢
CDSs00 1.47 23.53 70.59 4.41 6570+26.86" 141.80+9.43°
coCDS300 13.33 53.33 31.67 1.67 5280+39.03° 94.71£7.21°
coCDSsg0 1.49 20.90 74.63 2.99 4305+31.10°¢ 58.83+6.79°¢
coCDSgp0 0.79 24.34 69.31 5.56 4335+24.63° 59.67+6.54¢
CK 1.42 42.15 55.44 0.99 2130+39.18¢
PC 10.33 27.74 58.34 3.59 4395+55.76" 106.3+14.56°

T [ A RN

5 TR R AR E R 25 5 2 (P<0.05) o

Note: Different lowercase letters after the same column of data indicate significant difference among treatments (P<0.05).
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Tab. 2 Regulation effects of different winter treatments on pitaya yield

Borgb Proportion of fruit grading/%

s i 7
Treatment Production/(kg-hm™)  Increase production/% R KA R MR

Extra large fruit Big fruit Middle fruit Little fruit
CDS:00 1517.55£104.83° 20.24 38.19+1.38" 42.81+1.16" 6.45+2.43* 1.54+0.58°
CDS300 2721.00+29.11° 115.60 40.00+11.54° 48.89+9.69° 3.5742.22% 0.00+0.00°
CDSs00 1490.70+25.09° 18.11 43.64+5.56 50.00+2.63° 0.00+0.00° 6.36+3.19"
coCDS;39 2427.15432.71° 92.31 80.91+6.05° 0.00+0.00° 15.36+3.37° 3.334+3.33%
coCDSso 1883.40+15.78" 49.23 64.24+7.16° 29.70+11.81° 19.05+6.06° 0.00+0.00°
coCDSgoo 1942.65+61.63° 53.92 59.63+16.48" 37.04+19.60° 17.04+3.96° 0.00+0.00°
PC 2588.25+2.91*% 105.07 40.62+0.64° 40.98+3.43° 11.11+£3.21° 1.70+0.90°
CK 1262.10422.94¢ 34.42+3.71° 41.59+1.69° 16.72+5.69° 1.91+0.47¢

T FAVEEE S ARG PR A BEE 22 5 B 3% (P<0.05)

Note: Different lowercase letters after the same column of data indicate significant difference among treatments (P<0.05).

®3 EFARLSEXNERFEHNRIERE

Tab. 3 Regulation effects of different summer treatments
on pitaya yield

3 %
wa i view 7 oupu S (ijii)

Treatment /(kg-hm™) /(llilgc?}i?;i) crease Percentage of

rate/%  large fruit/%
CDSy00 11430 2400 26.58 87.50
CDSs;00 11370 2340 2591 80.00
CDSs00 11 640 2610 28.90 88.46
coCDS;¢0 11 730 2700 27.91 76.47
coCDSsgo 10 530 1500 16.61 65.00
coCDSsg0 12 390 3360 37.21 60.00
CK 9030 67.68
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