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Plants as conduit for methane in wotlands
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Abstract ‘

! .
Next to CO;, methane is the most important greenhouse gas.. Methane is produced by methanogenic
bacteriaunder anoxic ¢onditions, and tropical wetlands are among themostimportantsources of methane
for the atmosphere. In order to cope up with the anoxic conditions the wetland plants have developed
morphologrcal features to facilitate'oxygen transport to the rhlzosphere This same transport pathway
is also utilized for emission of methane produced in the anoxic layers of the habitat to the atmosphere.
The methane transport efficiency, however, differs from spectes to specres and depends upon the
magnitude of aerenchyma development and foot porosity. Meth:me release site m plants may or may ’
not be stornata. . 5 he

' Carbon dioxide, CH,, CFC-11, CFC-12 and- NZO are the most important grennhouse
gases. Among these, CH is the only gas which dtrectly affects tropospherlc cheizistry and
controls numerous chemrcal processes and constltuents inthe troposphere and stratosphere

_ The infrared spectrum of CH, makes it a strong greenhouse gas®. The atmospheric
concentration of CH, has more than doubled during the past 200 years, rising over the past
15 years by an average of 1% per year'. Wetlands are s1gmf1cant natural sources of
atmospheric methane!accounting for about 20% of the current global annual emission of
ca 450-550 T A group of anaerobic bacteria, which occur in a wide variety of habitats,
produce CH as a product of their catabolism in strict anoxic-c¢onditions. Methanogenesis
takes place in environments such as flooded soils, wetlands estuaries, marine and freshwater
.sediments and the gastromtestmal tract of animals’. Studres conducted on some wetland
species indicated that the movement of CH, from anaerobic sediments through'the shoots
of these plants into the atmosphere could provrde a s1émf1cant pathway for the emission

of methane®®

. In this article we explore the role of plants in CH4;emiSSion from wetlands.
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Methane Pro_'ductioril '

Methane i is produced in saturated soils by anaeroblc bacterla called methanogens which
- use decomposition products of organic matter as their [food source and produce methane
- as a catabolic product. Methanogens are prokaryotes asI they lack a nuclear membrane but
in several molecular' properties they resemble more; closely the eucaryotes- than the
“bacteria’'’. They may be rod, coccoid, or’ spmllum shaped and occur in freshwater and
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~marine sediments,

marslres rice paddres landﬂlls and: sewage dlgesters, algal mats,
geothermal springs

d1ge{st1ve tracts of invertebrates and vertebrates, .and even inside the

‘
. heartwood of lrvmg trees. Methanogensrs takes place only in strict anoxic conditions and

is a complex process affected by several abiotic and biotic factors'"'2. In general, flooded
’ condmon provrdes as, optrmum envrronment for methane production and emtssmnl3

The known substrate]s; that methanogens c?:an catabolize are rat__her lrmrted and include
H, + CO,, formate, acetate, methanol methylamines, and methylsulfides'*". Process of
methanogenes1s may be -divided into. three major steps - solubilization- hydrolysis,

i
fermentation (or acrdogensrs) and methandgenesns Solublllzatron is concerned with,

conversion of solid substrate material either into soluble polymerlc materials-oligomers or
into low molecular wei gh:t or monomeric compounds Soluble organic matter either present
initially or originating from solubilization of insoluble organic material consists of proteins
and aminoacids,’ polysacchandes and’ sugarsl lipids, glycerol and fatty acids'S. Organic
anions. are: released in the fermentation medium. by fermentmg bateria. Because of the
‘release of organic ‘acid almons the: fermentatron of soluble organic matter is also referred
to as acrdogenesrs’ ‘Obllgate hydrogen- producmg acetogenic’ bacteria or OHPA, link the
. fermentatlon step with thle methanogemc step by metabolizing soluble organic compaunds
into acetate, H and | 1norgamc carbon. Floodlné asoil causes the essential low rédox potential
and anaerobic decomposmon of organic matter and stabilizes the soil pH near neutral. Thus
aquatic. habitats prdvrde an opumum environment for methane! production and emtssnon
A combination of hlgh pH and low redox potentlal is favourable for CHy production'’.

Methane concentratlon in soil water markedly increased when redox potential attained less
~than about -:200 mN” Accordmg 1o Parashejir et al. '8 pH in the range of 7.5 to 8.5 may
" be most favourable for methanogenesls : o
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: 1Rolé, of Plants .in:MethaEne Emission .

0 ‘ .
To'cope up w th thel lack of oxygen nl the’ growth medlum, wetland plants have

. developed morphologrcal features to facrlrtate oxygen transport to the submerged oréans
** Such plants are characterized by extensive development of aerenchyma tissue with gas- fxlled

lacunaé, in above-
lacunae atmospheric
.Aerenchyma tissue
cortex breakdown

the.. root cortex which contamed no celis?

‘the cortex of basal

1S welll as m‘belowgroun(ll parts (Fig: 1). Through these channels or
0, ts transported to the rhrzosphere by dlffuslon‘9 2 or by mass flow?!

development is a process[caused by cell separatlon (schizogenous) or
lysrgenous) Studies on.aerenchyma of rice have indicated areas in
225 'Also, unusually lal’ge cells were observed in
trssues of rrce roots; the nodal walls of many of these cells extended

almost the entire d|<tance from endodermrs to eprdermrs and longltudmal section revealed
' an upper émpty con tmuolus air passage in the root cortex (th 2). A lack of protoplasm
_in many of these cells mdlcated absence of metabollc functions and led to the conclusion
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Lysigenous
aerenchyma

Fig. = Cross-sections of wetland plant organs showing ingternal air- spaces. (a) Leaf-stem of Typha latifolia

showing intercellualt iar spaces which are restricted by thin porous membranes spaced several millimeters

~ apart, (b) Petiole of Nymphaea odorata showing intercellular structures as channels, (¢) Rice root showing
lysigenous aerenchyma. (a and b based on Sebacher et al.’ aréd ¢ on Takashashi et al. ™).

* Fig. 2 - Longitudinal section through basal part ot rice root showing
(Based on JohnZS). ‘
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-that these structures
: aerenchyma system i ar
’ atmosphere and the submerged sorl envrronment
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may-(constitute-a’ pathway of gas exhange®. A well-developed
na plant would ensure an efficient exchange of gases between the

26

Studres on aquatrc habrtats demonstrated th at the rooted macrophytes such as' Naphur

luteum and Typha latt folia act -as channel for transport of CH, from reduced soil to the

atmosphere and are responsrble for the majorrty of CH, emrssron'67 2128 The movement
of :methane from-anaerobic sediments through the leaves stems, .and flowers of aquatic

of flooded wetlands

. plants provides a significant pathway for the methane emission from the aquatic substrates

1[nto the atmosphere7 Bu )ter and Moore” have also.reported that

'aquauc plants can enhance e::mrssron by serving-as- gas conduits, transportmg CH, from the

L L !
Measurements in expenmental fields of flooded rice agrrculture demonstrated that rice

"‘7onev_of production below the water table to the atmosphere through aerenchyma Cuttmg
. plant.stems below -the waterl surface reduced CH, emrssron to 6- 40% of the ortgmal rate
- in fields cove'r:ed with rice ‘weed or reed . ' :

[

bl

plants also. transport CH, from soil to the atmosphere i In a subarctic Canadian-fen over

o ,90% of the CH emission wa‘s {transported by Car‘ex specres
-+ have also been report ed from Alaskan tundra srtes where 'vegetated borders of ponds arltd
' pools had htgher fluxes than unvegetated open Iwater areas’

2 Plant- enhanced CH, emissions

33- '%4

i

' Sebacher et al.” measulred methane emrssron from 22 varieties of hydrophytes in the
southern U.S. A. Of these,nine species either emrtted no CH, or the emitted CH, levels

| were too low to be detectedl The methane emrssm from hydrophyrtes varied from 14 8 mg

L

“ CH, d for Nymphea odoruta down to 0.1 mg. CH d”! for thamopszs miliacea (Table 1).
. In the CH,- -emitting species the CH, concentratron measured wrthm the stem at the waterline

was posrttvely related with the magmtude of CH emission. Those[plant species which-had

.. soft eprdermal layers and outer stem cells where he parenchyma hd developed into elongated.

tubular structures emrtted (IH atarate 1) mg CH d”! (Table 1). The channels in the petiole

of Nymphea odorate were contmuous and unstri

|cted from the. rhrzome deep in the anaerobic

|
’sedrments to. the ﬂoatmg lily pad exposed toi atmosphere In contrast, the intercellular

attfoua wete restrrcted by thin- porous’ membranes spaced several

e ,
I 1

The’aqua'tic p_lants characterrzed by relatrvely hard eptdermal layers and outer stem

cells as found in the

grasses and rushes emrtted CH at arate mg CH, d” (Table 1). In

- these plants, hard outer layers 51gn1f1cantly rest’rtct the transfer of gases. The structural and
T functronal differences in the root systems of the above two categorres may also affect CH,

I !

R ’:emrsston from the subaenal parts of these. plants. Freshwater floatmg aquatic plants (not
rooted: in anaeroblc sedrments) mcludmg Alternanrhera phtloserom’e.s. Hydrocotyle
rantmculordes and Lemma sp. ‘emitted undetcctable amounts of (“H ’

B B
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Table I ~ A cross section of values for methane emission from vanous aquatlc plants Species are arranged in
increasing order of CHa emnssnon (Source : Sebacher et al 1985).

Aquatic plant

Methane emission

(mg d™"

Methane instem
at water line

(mgm’)

Ziza'niﬁp.‘ri.v miliacea
“Avicennia nitida
(Pneumatophofes)
Cladium Jjamaicense
Nuphar leteum
(Lily flower)
Juncus effusus
Glyceria striata
Elei;cha<ris interstincta
Peltandra virginica
Saginaria lancifolia
Nuphar leteum
( Lily pad)
Pontederia cordata
N\'Inphae(l odorata
(Lily flower)
" Sugitntaria gramineae
Typha latifolia
Nymp)mea odorata

(Lily pad) .

0.1

013"

115
‘N.A.

_N.A. - Not applicable

R

Root porosity which reflects the extent of mtercellular spaces. in an important factor
in CH, emission. Studigs indicate that root porosity and radial oxygen loss increased due
o a reducuon in redox potential which enhanced methine emlssxon26 At-300 mV, roots
of rice plant had 35% root air space, compared w1th 30 7 and 26% at - 200:and 200 mV

'|
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" Fig.3=Dii

Fxg 4- A dlagramatlc repres
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respectrvely Radial oxygen loss was 35 umol O, plant™. d' at - 300 compared with 27
and 20 pmol O, plant™ d™' at - 200 and 200 mV respectlvely A decrease of redox potential
from - 200 to - 300 mV increased CH, production 10- fold inthe vegetated treatment and
about 9 times 'in unvegetated plot in a rice field. Kludze and DeLaune® conducted an
experiment to determine the influence of soil redox mtensrty on the growth, root porosity
_radial O, loss and methane flux in Spartina patens (a perenmal flood- tolerant grass). Plants
were grown for 50-d in a Mississippi alluvial soil under controlled Eh values of 200, - 200
and - 300 mV. The highest methane emission at - 300 mV occurred on day 30 when the
root porosity had attained its maximum level.

More than 90% of methane released from the rice sorl to the atmosphere is emitted
via the rice plant through aecrenchyma®**’. Seiler et al.®} | reported that the flux rate of
methane from paddy soils into the atmosphere may be llmr\ted either by transport into the
root system or through the aerenchyma system or by the methane production rate within
‘the paddy soil. In an experimental study, Byrnes et al.* found that in summer approximately
79-87% methane emission occurred through rice plants, whereas in the winter 61-68% of
the total emissions occurred directly from the soils. The crosstsectional area of the individual
stalks of the winter-grown plants were about 1/3 those of the summer-grown plants, and
the aerenchyma cells of the winter-grown plants were consrderably smaller than those of
- the summer-grown plants. Thus the extent of aerenchyma development was perhaps
responsible for-the differential-emission rates of methane! iin. summer-and winter-grown .

plants
.

L A lmear relationship occurred between CH, emission from Oryza sativa and temporal

- variations in aboveground biomass durmg agrowing season’¥ A linear ‘relationship between
plant biomass and methane emission in a subtropical grassland was also noted by Whiting
etal.® who reported tht this may be due to a combination of plant -enhanced transport and/or
substrate production. Recently a strong predictive relationship was shown between CH,
. flux and net ecosystem production (NEP) across wetlands from Florida to Alaska‘”. ‘NEP
! may be an integrating variable which incorporates many factors that control methane flux,
including substrate availability for methanogenesis associated with recent production, such
~ as root ¢xudation and litter input. This relationship has been demonstrated only where the
soil is saturated or flooded throughout the year and the wetland is dominated by vascular

. species”

Mechanism of Methane Emissjion
S
, Gas transport through aquatic macrophytes may dperate elther by molecular
- diffusion?”*, Pressunzed ventilation is exemplified byNupharand T)pha * and molecular
. diffusion by sedges®. For Typha latifolia, Sebacher et al.’ | report tht the pressure difference

between the new and old leaves results in a gas flow of O from the'new leaves to the roots
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and a pumping of CH,
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‘from the roots into the brown outer leaves. CH emission rates in.

. plants which exhibit pressunzed system were 2-4 times higher durmg the day time becausc‘

of the solar heating of l(,avesn : i

Thc absorption and

: |
lml\ the atmosphere w1th the untemal air-space system of the plants. ]However, Cicerone et

elease sites of gases are g’enerally cons1dered to be stomata which

al." and Seiler et al.* found no change in the rate of CH4 emission from day to night in
rice paddies, Wthh mdlcated that the CH, release was independent of photosynthesis and/or

|

stomatal opening. Methane emlssmn rate in rice paddxes may increase form a low value in

L

the pre-dawn hours to a peak in the early afterngon, declmmg thereafter in the evening.

Thisis. Lxemphhed in Hi
diurnal varlatlons in CH
dlurnal varlanon 1n 501]

o Absenceofstomatal

ig. 3 Jfor an 1mgated rice 'fleld at Varansasi. the amplitude of such
emllssmn changed' with season: :and reflected the amplitude of the
temperatures48 | :

I . ‘

.
control of CH emlssnon was also indicatedin Spartmaaltermﬂora

and in Cladium; Jamazcense Kludze and DeLaune studled methane emission from Spartina
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!

patens in ltght and dark conditions; no srgmﬁcant dlfferences existed between emission in
|

light and in the dark which suggested a lack of stomatal influence on methane emission.

The stomatal control of CH, emission is controversial and may vary with plant species;

Chanton et al. 4650 have dlscounted its tmportance in Peltandra, Cladium and Typha, while

Morrtssey etal.* and Knapp & Yavitt®' have argued for its importance in Carex and Typha

. According to Nouchi et al.*?, methane was mostly released fromthe culm of the rice
plant, which is an aggregation of leaf sheaths, but none or, llttle from the leaf blades.
Examination of the surface structure of rice leaf-sheath throu ghscanning electron microscope
revealed hook-shaped micropores, 4 um in dtameterJ and about 80 pm apart from each
other. These were arranged regularly on 50 um wrde vein®2 . Althrough most of the CH,
was emitted through these mrcropores there was no evrdence that micropores were Imked
to the lysigenous intercellular space™ . Eviently furtehr anatomical work is needed to
-ascertain whether the mrcropores are mdeed the mam site of methane release from rice

plants :
For flooded rice field Nouchi et al.’” suggested that methane dissolved in the soil water
surrounding the rice root diffuses into the cell wall water of the root cells, gasifies in the
root cortex, transported in the gaseous state to the shoots via the aerenchyma and then is
released mostly through the micropores in the leaf sheaths (Frg 4).

Fig. 5 summarizes the relationships between methane production and emission in
wetlands o

) o
Conclusio’ns Sl
L

i

Methane is produced in the submergcd soil of the’ wetland under anaerobic condition
as catabolic product of methanogenic bacteria, Wetland plants have a well developedinternal

airspace. system for transportmg oxygen to the rhlzosphere This system also serves as
conduit for CH, emission. Studies on rice plants indicate that CH, dissolved in soil water
diffuses into, the root cells, gasifies in the root cortex, and is then’ transported to the shoots
‘through the aerenchyma. In certain plants gas transport operates through molecular diffusion
and in others by a thermally pOressurized ventilation system. The later plants exhibit marked
diural variation in CH, emission. The principle release sites for methane may or may not
be stomata. In rice micropores located on veins of leaf’ sheath appear to be responsible for
the majorrty of CH, release.
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