5535 A 22 1) S &~ £ Eild Vol.35,No.22
2015 4F 11 A ACTA ECOLOGICA SINICA Nov. 2015

DOI: 10.5846/stxb201403050379
FIOM, whAF U, R FE B, S 2 e AR AR IR AR B HCAE [ SRR B R B OO IS B A A, 2015,35(22)

Wang W L, Han R M, Wang G X, Tang X Y, Liang B.Research advancements on the radial oxygen loss in wetland plants and its diffusion effect in natural
sediments. Acta Ecologica Sinica,2015,35(22) .

EMEMIRRADALEEERERPRY SRR
it

> 1,2 2 np 2 20w B 1 3 e 1
ISR EHAER RS ERE R R
1 RSO P IR g U IR R AT T, B 210042
2 PSR 2 R 2% 25 B VA IR AR 5 A S S S %, o 210023

R DAY R AL 1% (Radial oxygen loss, ROL) JEFA I AR PRAE AL -4 U5 UM 25 R GBI 0231, Y HUZ b 5 R
SRR A T R AR SRR HACN S, (IR R AR bR i A L B At 0 B B0 K A i 1% Sl e A s B 7 B, AT
FAEEHAE YR R ROL 19555 575 R W) i) L ERACR B UIMSC . NI, TP R A AR &R ROL S JLAE 11 AR JE i b A 4 B
BEBFFE X T T A YR 2R ROL HLBE S HAR PR SR SRR AR AE | 2 10 A SRR AL 0095 e R R DI RE AT+ B L 2k
TG ASCE A TR AR IR AR ROL FRAE K Az S2 MR B A IS8 IR, 17 DRI I 26 57 (IR 22 2 A1 B %) Bl A 00 9 582 ) 25 5
T AR ZR ROL 75 [ SRR 5 P A7 BSOS, B N AMIESE SR EAT T 45, S 2RI S BUIR 55 AN XS4 O IE 58 77 1) AT T g 22
JEEL, AR ZAMET 1) $2 Hh R ma AR 2R S it 2 B Sl 16 R Ol A B3 AR WD AR R B3R T W AR &R ROL Y52 M BIL ) 5
2) HEIA T HATHTFE D 32 2 AR R ROL ™ HOSWI E 7 ik

KRR SR HAE Y s R SRR AR I A 5 B SRR 9 RIS

Research advancements on the radial oxygen loss in wetland plants and its
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Abstract; Radial oxygen loss ( ROL) generated by wetland plants is the fundamental factor that maintains the
heterogeneous oxidation-reduction microcosm in sediments. The subsequent diffusion layer provides fine microhabitats for
both aerobic and anaerobic microorganisms and stimulates their metabolism, which makes the rhizosphere a superior active
site for various processes including organism degradation, material circulation, and vigorous life activities. The intensity of
ROL in the roots of wetlands plants is known to considerably affect the efficacy of pollutant removal. It is thus of special
importance to investigate ROL in wetland plants and its diffusion effect to better understand the actual rhizosphere oxygen
distribution and the underlying mechanisms of ROL generation, as well as to optimize the utilization of wetland plants for
pollutant removal. The present review, therefore, aims at (1) summarizing the research advancements on the characteristics
of ROL and the related influential impact factors on root oxygen supply; (2) deciphering the current knowledge on the

diffusion effect of rhizosphere oxygen in terms of species differences, spatio-temporal distribution, and its regulating effects
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on microorganisms; and (3) raising perspectives on future research issues based on the pros and cons of quantification
approaches to ROL. The existing research has comprehensively compared the ROL in different types of wetland plants in
artificial substrates such as agar medium and nutrient solutions. The results have established a reference for choosing wetland
plants for pollutant removal, suggesting that the level of ROL is closely related to oxygen supply and whether the oxygen
transportation pathway is unobstructed. Meanwhile, the oxygen supply is mainly related to factors including irradiance,
ventilation, temperature, and the biomass of shoots, and the inner oxygen transportation in plants and its external release
are mainly related to the oxidation-reduction condition in substrates, root age, iron plaque, nitrogen in substrates, and the
levels of sulfide and organic acids. Due to the restraints of measuring approaches, the above-mentioned work did not test the
inner oxygen concentrations of roots at the same time, so it is difficult to disclose the mechanisms of oxygen supply in roots.
Further, wetland plants commonly grow in sediments where the oxidized rhizosphere is the combined outcome of both ROL
and depletion by sedimentary organic matter. The current knowledge may not be sufficient to indicate the real root oxygen
release of wetland plants in sediments.Since the ROL diffusive layer is normally a few millimeters thick, and owing to the
complexity of sediment, research on the diffusion effect of ROL in wetland plants has progressed slowly. With the
application of techniques like microelectrodes, micro-optodes, and planar-optodes, as well as other one- and two-
dimensional methods, it has become feasible to measure the micro-spatial and temporal distribution of real root oxygen
circumstances. This has demonstrated that the rhizospheric oxygen concentrations at different root positions have different
patterns in wetland plants than in artificial substrates. However, the features of oxygen diffusion in different substrates,
especially the continuous oxygen changes under long-term scales, are still poorly known, and studies on the effect of ROL
on microbial communities at the rhizospheric scale are rare. The feasibility of the non-destructive in situ detection of ROL is
undoubtedly the current bottleneck. Therefore, it is important to advance methodological studies, study the spatio-temporal
characteristics of rhizosphere oxygen conditions in wetland plants and the impact of oxygen diffusion on rhizosphere
microbes, and elucidate the regulating mechanisms of ROL on microorganisms to offer theoretical support for maximizing the
capacity of wetland plants in pollutant removal. The innovative points of the present review are that (1) it describes the
environmental and biological factors associated with the oxygen supply, transportation, and release pathway and the
underlying mechanisms affecting these; and (2) emphasizes the currently available detection approaches for measuring

rhizosphere oxygen diffusion.
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Table 1 Values of radial oxygen loss in the rhizosphere of wetland plants in recent years

[ IR 4 TR A R H AR PR L BB AR

Cylindrical platinum electrode Titanium (IIT) -citrate

58 BB AL AR FE AR IRAL 52 B B AR R

Tested position; near apex of individual roots Tested position; entire roots
R AR ) WA SeRt ROL ekt
Y Species (Radial oxygen loss, ROL) P 3 YIFf Species o P 3/
/ng em™2 min™" Reference /pmol h™" g Reference

RURIE Eichhirnia crasslpes 69.3 [21] B Acorus calamus 6.7 [24]
ZE L Sagittaria sagitifolia 95.1 [21] 523 Sagittaria pygmaee Mig 5.2 [24]
1 ESili Acorus tatarinowii 122.2 [21] LB 3% Zantedeschia aethiopica Spren 4.1 [24]
i Typha orientalis 159.6 [21] 2L Zizania caduciflora 3.8 [24]
K Zizania latifolia 129.9 [21] 4 Typha orientalis 3.1 [24]
BN Acorus calamus 105.2 [22] JKFE Oenanthe stolonifera D.C 3.0 [24]
1525 Phragmites australis 110.3 [22] L2 Phragmites sp 1.2 [24]
Ui Sagittaria sagittifolia 146.2 [22] KZEH Cyperus flabelliformis 6.7 [25]
16 5255 Echinodorus berteroi 151.0 [22] 2 N Canna indica 2.1 [25]
B Caldesia reniformis 151.0 [23] IKRE Oryza sativa Linn 4.9 [26]
WZEEE Cyperus flabelliformis 150.0 [23] W ALEE Pontederia cordata 4.8 [27]
BF 28U Sagintaria trifolia 146.0 [23] TR Vetiveria zizanioides 2.3 [27]
T3 Lythrum salicaria 139.0 [23] % ¥ Pennisetum purpureum Schum. 2.9 [27]
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Table 2 Approaches applying to the measurement of radial oxygen loss in wetland plants[!
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Fig. 2 Shematic of the 2-dimention planar optode applying to measuring the rhizosphere dissolved oxygen (5]
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