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Effects of elevated ozone on the photosynthesis of different rice cultivars under

different fertilization measures
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Abstract: Ground-level ozone (O,) has seriously threatened crop production in China, and the fertilization can regulate
soil nutrient balance, thereby promoting crop growth. This study was conducted in open top chambers, using two O,
treatments (ambient air (NF) as control; ambient air+40 nmol/mol O,(NF40) ). Three fertilizer treatments were nested
under each O, treatment, including conventional application of inorganic fertilizer (Ino, 270 kg N hm™ a™'), 30%
reduction of inorganic fertilizer (Red, 189 kg N hm™ a™") , and combination of organic and inorganic fertilizer ( Com, Red

1

+5000 kg hm™ a™' chicken manure). The photosynthetic parameters of two rice cultivars ( HLY898 and NJ9108) at
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different growth stages were measured, which mainly explored the effects of O, on the photosynthetic and physiological
processes of rice at different growth stages under different fertilizer treatments. The results showed that NF40 had no

significant effect on the saturated photosynthetic rate (A_, ) during the vegetative growth stage of rice, but it significantly

sat
reduced the A, during the filling stage of rice. Based on the slopes of the relationship between the relative reduction of 4,
and SPAD of two rice cultivars with the O, cumulative index, it was found that the hybrid rice cultivar HLY898 (slopes of
A, and SPAD: -1.55 and -0.98, respectively.) was more sensitive to O, than the conventional rice cultivar NJ9108
(slopes of A, and SPAD: -0.92 and 0.06,respectively. ). In addition, based on the results for the stomatal conductance
(g,) and intercellular carbon dioxide concentration (C;) of rice under different O, treatments, we found that the decrease
photosynthesis caused by O, in NJ9108 was mainly attributed to non-stomatal limitations, while the decrease in
photosynthesis of HLY898 was limited by both stomatal and non—stomatal factors. Compared with the Ino treatment, the Red
treatment significantly inhibited A, in the two rice cultivars by reducing leaf SPAD | but there was no significant difference
in A, between the Ino and Com treatments. This suggested that the combined application of organic and inorganic fertilizers
could partially alleviate the decrease in rice photosynthesis caused by reduced application of inorganic fertilizers. There was
no significant interactive effect of O, and fertilizer treatment on all photosynthetic parameters of the two rice cultivars,
indicating that short—term combination of organic and inorganic fertilizers could not effectively alleviate the negative effects
of O, on crops. The research results can provide a theoretical basis for mitigating crop yield reduction caused by O, through

reasonable nitrogen fertilizer management measures in farmland under O, pollution.

Key Words: ozone; combined application of organic and inorganic fertilizers; rice; photosynthetic physiology; dose
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Fig.2 Effects of elevated ozone on the saturated photosynthetic rate (A_, ) of two rice cultivars under three fertilization treatments at

different development stages

( *P<0.1, *=* P<0.05)
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Table 1 ANOVA results ( P values) for main effects and interactions of O; treatment, fertilizer treatment, rice cultivar and sampling stage on

the saturated photosynthetic parameters

Ak TG G ‘ S JalE) CO, ez ufﬁ*ﬁxﬂﬁ
L E=00N <0.01 <0.01 0.08 <0.01
N Fertilizer 0.02 0.12 0.04 <0.01
SR Cultivar 0.23 <0.01 <0.01 <0.01
Hf ] Stage <0.01 <0.01 <0.01 <0.01
B xR 0, xFertilizer 0.88 0.84 0.64 0.45
RE T Oy xCultivar 0.55 0.81 0.99 <0.01
R 0,xStage 0.73 0.65 <0.01 <0.01
AL E B FertilizerxCultivar 0.99 0.94 0.35 0.25
AERExBF A FertilizerxStage 0.46 0.75 0.46 0.42
E xS CultivarxStage <0.01 <0.01 0.03 <0.01
LR xSl 04 XFertilizerxCultivar 0.08 0.35 0.25 0.62
SR T ] 04 xFertilizerxStage 0.63 0.44 0.86 0.21
B FxBF ] O xCultivarxStage 0.16 0.11 0.20 <0.01
Ot Ffr <At 2] Fertilizerx CultivarxStage 0.86 0.90 0.87 0.18
LS x il < B

05 xFertilizerX CultivarxStage 0.79 0.73 0.74 0.60
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Fig.3 Effects of elevated ozone on the stomatal conductance (g.) of two rice cultivars under three fertilization treatments at different

development stages

* P<0.1, ** P<0.05
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#* P<0.1, #=* P<0.05
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Fig.5 Effects of elevated ozone on the SPAD value of two rice cultivars under three fertilization treatments at different development stages
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Fig.6 Ozone exposure-response relationships with relative saturated photosynthetic rate (A_, ) and relative chlorophyll content (SPAD)
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