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Table 1 Extracellular degradation enzymes involved in this study
it Eic] EC % ;271 bol):
Enzyme Abbreviation EC number Substrate Function
Cellobiohydrolase CBH EC3.2.1.91 pNP-cellobioside Degradation of cellulose, characterizing carbon cycling
B-Glucosidase BG EC3.2.1.21 Sﬁf*ﬁ*glucopyranof Degradation of cellulose, characterizing carbon cycling
Polyphenol oxidase PPO EC 1.10.3.2 L-DOPA Main enzymes for degrading lignin
Peroxidase POD EC1.11.1.7 L-DOPA Main enzymes for degrading lignin
Leucine aminopeptidase LAP EC3.4.11.1 Ijeucine p-nitroani- Soil mﬁicrool}rganitﬁms secrete enzymes that hydrolyze
lide the N-terminus into leucine
B-N-acetylglucosamini- . . pNP-B-N -acetylglu-  Enzymes involved in the degradation of chitin and
NAG EC3.2.1.14 . g L .
dase cosaminide peptidoglycan, participating in the nitrogen cycle
Acid phosphatase ACP EC3.1.3.2 pNP-phosphate Phosphorus cycle characterization
Alkaline phosphatase AKP EC3.1.3.1 pNP-phosphate Phosphorus cycle characterization
1.3 #HESH 1), HARH, {05 fF 4 d B A HE TG 75 YL 3R 858, 100
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(a),(b),(c),and (d) represent the litter mass loss (% ,mean= SD) at concentrations of 0,20,100,and 200 mg « L' of
nano-ZnQ . respectively. Lowercase letters represent significant differences between different treatments (P<C0. 05).
1 A i B A 2R AR A
Fig. 1 Changes in mass loss during decomposition of reed litter
x2 FR.SBHE. MR ZIORERESEEANHEHENMEEEAZNH=ZERATESN
Table 2 Three-way ANOVA of the effects of rust,decomposition time,nano-ZnO concentration and their interaction on extracellular

enzyme activities in reed litter

BG CBH NAG LAP PPO POD ACP AKP
Time F 7.331 553.290 395. 375 205. 097 30.708 504. 392 71.013 15.728
P 0. 002 <<0. 001 <<0. 001 <<0. 001 <<0. 001 <<0. 001 <<0. 001 <<0. 001
Rust F 229.961 282.568 14.228 105. 140 105. 546 198. 904 336. 484 2.663
P <<0. 001 <<0. 001 <<0. 001 <<0. 001 <<0. 001 <<0. 001 <<0. 001 0.109
Nano-ZnO F 7.459 17. 260 23.136 46.721 22.452 74.272 24.036 19. 664
P <<0. 001 <<0. 001 <<0. 001 <<0. 001 <<0. 001 <<0. 001 <<0. 001 <<0. 001
Time * Rust F 42.148 65. 667 103. 363 26.433 11. 092 81. 856 95.776 4.173
P <<0. 001 <<0. 001 <<0. 001 <<0. 001 <<0. 001 <<0. 001 <<0. 001 0. 021
Time * Nano-ZnO F 2.999 44. 888 63.302 44.591 45.935 49.073 11. 960 5.157
P 0.014 <20. 001 <20. 001 <20. 001 <20. 001 <20. 001 <20. 001 <20. 001
Rust * Nano-ZnO F 9.494 19. 353 41. 260 2.395 33.214 30.003 10. 967 10. 009
P <<0. 001 <<0. 001 <<0. 001 0. 080 <<0. 001 <<0. 001 <<0. 001 <<0. 001
Time * Rust * Nano-ZnO F 6. 350 25.097 38.370 7.362 54.127 20.413 5.248 2.830
P <<0. 001 <<0. 001 <<0. 001 <<0. 001 <<0. 001 <<0. 001 <<0. 001 0.019

Note:significant P value (<Z0. 05) are highlighted in bold,F is between-group variation.
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The concentration gradient of nano-ZnO and the decomposition days are increased in the clockwise direction. Lowercase letters

represent significant differences between different treatments (P<C0.05).
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Fig. 2 Extracellular enzyme activities of reed litter
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Lowercase letters indicate significant differences between rust litter and normal litter at different concentrations; * * * ,

% %, % and ns represent the differences between rust litter and normal litter at the same concentration at the levels of P<C0. 001,

P<C0.01,P<C0.05,and P>>0. 05, respectively.
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Fig. 3 Changes in nutrient composition of reed litter decomposed for 30 d
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Lowercase letters represent significant differences be-
tween different treatments, * * % and * % represent the
difference in pH values between rust litter and normal litter at
the same nano-ZnQ concentration.
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Fig. 4 Variations in water pH value among experimental
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Effect of Rust on Litter Decomposition and Nutrient Release in
the Water-Level Fluctuation Zone of Danjiangkou Reservoir un-
der the Influence of Nano-ZnO

YANG Jinxia'"*,ZHANG Cheng'*, WANG Xiaoxi’ ,ZHOU Junrong' .ZHANG Hanqi',

BAO Wenhua', YE Rumeng’, TIAN Kai'"*" "
(1. College of Life Sciences and Agricultural Engineering, Nanyang Normal University, Nanyang, Henan,473061, China; 2. Henan

Field Observation and Research Station of Headwork Wetland Ecosystem of the Central Route of South-to-North Water Diversion
Project, Nanyang, Henan,473061,China;3. Nanyang Nature Reserve and Wildlife Conservation Center, Nanyang, Henan, 473000,
China)

Abstract: The decomposition of plant litter in the water-level fluctuation zone of large reservoirs often occurs
in the water, being an important process in the nutrient cycle and energy flow between water and land. To ex-
plore the effects of plant disease and water environment pollution on the litter decomposition process,micro-
cosmic experiments were carried out to simulate different degrees of nano-ZnO pollution. The decomposing
rate,enzyme activities,and nutrient release of reed (Phragmites australis) litter with different grades of rust
in the Danjiangkou Reservoir were determined. The effects of rust and nano-ZnO on litter decomposition and
water quality were studied. The results showed that severely rusted litter decomposed faster, while nano-ZnO
generally inhibited the decomposition process, with the strongest inhibitory effect at a high concentration
(200 mg * L 1). The medium and low concentrations (100 mg * "' and 20 mg » L") of nano-ZnO only in-
hibited the normal leaves with low rust grades. The activities of extracellular enzymes involved in decomposi-
tion in the water were significantly affected by the interactive effects of nano-ZnO concentration,rust and de-
composition time. Nano-ZnO pollution and rust reduced the water pH value during the decomposition
process,and increased the content of dissolved organic carbon and total nitrogen in the water. The results pro-
vide a basis for revealing the effects of plant rust and nano-ZnO on the biogeochemical cycling of water and
assessing water ecological security in the water-level fluctuation zone.

Key words:reed;rust;nano-ZnO;Danjiangkou Reservoir; water-level fluctuation zone;litter decomposition
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