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ABSTRACT

Regeneration capability of plants with sprouting and seeding are two important characters in forest recovery after
burning. Characteristics of stomata and chlorophyill contents of Anthocephalus cadamba Mig and Mallotus
leucodermis Hook regenerating with sprout and seeds after burning at peat swamp forest in Batang Alin were
studied and compared with the same unburned plant species. The two plant species studied with different
regeneration mechanisms, sprouting and seeding, showed different response on environmental changes after
burning. In Anthocephalus cadamba Miq., characteristics of stomata and chlorophyll content were not factors
determining adaptation capability of seeding regeneration in burned location, while adaptation capability of
sprouting regeneration was determined by characteristics of stomata. In Mallotus leucodermis Hook f.,
characteristics of stomata and chlorophyll content determined adaptation capability on seeding regeneration,
meanwhile on sprouting regeneration it was determined by characteristics of stomata only.
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INTRODUCTION

Peat swamp forest is a unique ecosystem with wsrs flora and fauna. It plays an important ralenaintaining
environmental balance, prevents flood in wet se@smhreleases moisture back to air during dry sedsowever,
peat swamp forest is so fragile (1), that it igpsone to disturbance and difficult to come backnttal condition.
One of disruptions in peat swamp forest is vegatdiurning.

In Indonesia vegetation burning is a phenomenan tisually happens in dry season(2). In 1997/19@®nesia
faced the worst forest fire in the world and thias noted as one of the worst environmental disastethat
century. It was estimated 2.124.000 ha peat swamp burned in 1997/1998, in which 624.000 ha existe
Sumatera(3). Forest burning has been a problerhnawi in Indonesia.

Forest burning has negative impact on biodivergityblic health, transportation and forest indugtyy( Forest
burning is a disrupting factor in ecosystems ia ttorld and affects plant species reproduction(®e burning
peatland will causes irreversible drying, thusoitnfis materialwhich can notabsorb water. The main impact of
forest burning is shown in vegetation. Generalliants die directly due to worst forest burning(Burning can
cause vegetation to die at various stages of grawt development.

Vegetation burning affects physical environmentargges, thus influences regeneration in thesfoRdants have

2 basic mechanisms to regenerate after burningraesng and seedlings(6). For some species otplie can be
a trigger for seeds to grow as seedlings and finadicome new individuals(5). The recovery capaoityorest
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vegetation after burning and other disturbanceslies four main processes; tree survival, thenaging of
damaged trees, germination of seeds in the sedd &ad seed rain(7).

Plant response on environmental changes is shoplat performance. After burning there are chargreplants
anatomy, physiological and biochemical acclimatafneaves. The adaptation ability for stressingditions is
crucial for plants establishment after burning emdatural conditions. Different plant may shovifetent
responses to  stress conditions, depending om thierent genetic origin and different morpho-tomaical
potentials to show plasticity(8). Different enviroant can change individual behavior, morphology and

physiology(9).

In the last several decades there has been inkensiwersion from peatland to agricultural, rubéwed oil palm
plantations resulting in the disturbance of ecaay$l0). The fact in field has proven that the cosiom of forest
into plantations has caused problem on environrilkatdegradation of biodiversity and extinction infligenous
species. Batang Alin-Pasaman Barat is one of aref#est Sumatera Province, Indonesia in whichlpedthas
been disturbed because of conversion to oil pabmtptions. The process of land clearing was doneuktyng the
plants followed by burning. Based on a survey doé¢ all entire burned land is planted by oil pabut some parts
are grown by regenerated plants dominatedAbiyrocephalus cadamba Mig., and Mallotus leucodermis Hook f.
after burning. Both plants show regeneration bymasting and seeding. Capability to resprout amiuigng new
individuals from seeds after burning are two vanpeortant characters to survive in an ecosystemishptone to
burning(5; 11).

Vegetation should have certain characters whichhedp to overcome problem dealing with environmehdnges
after burning. Up till now there has not been dorimation on characteristics of stomata and chlbytigcontent on
plants regenerated by sprouting and seeding aftatlgnd burning. Characteristic of stomata and roployll

content relate to plant physiological response isicow plants adaptation to environment changegalberning.
Ecophysiological response of plant species duaitnifyg may play an important role in forest recgy®).

EXPERIMENTAL SECTION

Plant materials were collected in May 2014 in BgtaWin area—Pasaman Barat, West Sumatera Province,
Indonesia. Before taking plant samples vegetati@iyais was done. Plant samples were collected fregetation

3 years after burning and from unburned vegetagi®m control. Two dominant species of pladisthocephalus
cadamba Miq and Mallotus leucodermis Hook f, were collected to determine their charastes of stomata and
chlorophyll content.

Ten individuals of each plant species and typeegfeneration (sprouting and seeding) were collegtedach
location. Leaves samples were cut by using pleisssrs and labeled. The samples were then puplagtic bags
and then were placed in jetfreth keep them fresh. Samples were brought to Laboyraif Biology Faculty of
Mathematics and Natural Science, Padang State titiveand kept in freezer. Observation of stomata
characteristics was done using SEM (Scanning Blediticroscope). Parameters observed were densitgth, and
width of stomata.

The measures of chlorophyll content was done uspertrophotometer on 649 and 665 nm wavelengthn The
chlorophyll content was measured by formula:

C = (20,2 x D649) + (8,02 x D665) x 50/1000 x 10K1Fleaf sample mass.

where

C = Chlorophyll Content (mg chlorophyll/gr leaf)
20,2 dan 80,2 = Coeficient of Chlorophyll Absarba

D649 dan D665 = Value of Extract Absorbance

50/1000 x 100/5 = Dillution Factor

Data of stomata characteristics and chlorophyltesinwere analysed using t test with 5 % confidew|.
RESULTSAND DISCUSSION
Stomata

Results of t test (5 % confident level) showededént density, length, and width of stomata Afithocephalus
cadamba Miqg. regenerated with sprouting in burned locatsnunburned location. Density of stomata in unkdrn
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location was higher than in burned location. Lengtid width of stomata regenerated with sproutindpuned
location was higher than in unburned location aswshin Table 1. Further, the result showed thatsignand
length of stomata of individuals regenerated witading were not different between burned and urdsbilocation,
while width of stomata in burned location was higtien in unburned location.

Table 1. Density, length, and width of stomata of Anthocephalus Cadamba Mig. and Mallotus leucodermis Hook.f. on regeneration with
sprouting and seeding in burned vs unburned locations

Density Length  Width
(/mm?) (um) (um)
A. cadamba By Sprouting  Burned 403.76 a 27.67 a 25.77 a
Unburned 47895 b 2541 b 2367 b
By Seedling Burned 466.42 a 25.73 a 24.74 a
Unburned 394.02 a 25.04 a 2279 b
M. leucodermis By Sprouting  Burned 68.17 a 2183 a 1031 a
Unburned 4856 a 2046 b 956 b
By Seedling Burned 3497 a 2140 a 9.78 a
Unburned 2584 a 2030 b 1148 b

Species Regeneration  Location

Study onMallotus leucodermis Hook.f. showed no difference on stomata densitywbeh burned and unburned
location. Length and width of stomata in burnedataan were higher than in unburned one likeAmhocephalus
Cadamba. Regeneration with seeding dflallotus leucodermis showed that stomata density was not different
between two locations, but length and width of sitanwere different between two locations. Lengtistomata in
burned location was higher than in unburned locat®n the other hand, width of stomata in burreation was
lower than in unburned location.

Result of t test ornthocephalus cadamba showed no difference on density and width of stanua regeneration
by sprout versus by seeding in burned locatiorshasvn in Table 2. Regeneration by sprouting hatidrigvidth of
stomata than regeneration by seeding. In unbumeatibn density, length, and width of stomata westdifferent
in two types of regenerations.

Table 2. Density, length, and width of stomata of Anthocephalus cadamba Mig. and Mallotus leucodermisHook f. on sprouting vs seeding
regeneration in burned and unburned locations

Density Length  Width
(fmm2) (1m) (1m)
A. cadamba Burned By Sprouting 403.76 a 27.67 a 25.77 a
By Seedling 466.42 a 2573 b 2474 a
Unburned By Sprouting 478.95 a 2541 a 23.67 a
By Seedling 394.02 a 25.04 a 2279 a
M. leucodermis  Burned By Sprouting  68.17 a  21.83 a 10.31 a
By Seedling 3497 b 21.40a 9.78 b
Unburned By Sprouting 48.56 a 20.46 a 9.56 a
By Seedling 2584 b 2030 a 1148 b

Species Location  Regeneration

a b
Figure 1. SEM image of a L eaf stomata of Anthocephalus cadamba Mig. with 1000 times magnification b. L eaf stomata of Mallotus
leucodermis Hook.f with 1000 times magnification

Study onMallotus leucodermis in burned location showed that density and widthst@imata from sprouting
regeneration were higher compared to seeding reggéoe but stomata length was not different betwégo
regenerations. In unburned location sprouting megaion showed higher density of stomata thaneedsg
regeneration. Stomata length &fallotus leucodermis in unburned location was not different between two
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regenerations but stomata width in seeding regéoarevas higher than sprouting regeneration asveha Table

2.

Chlorophyll content

Result of t test (5 % confident level) showed tttdbrophyll content of both type of regeneratiohgnthocephalus

cadamba was not different between two locations.

Study onMallotus leucodermis Hook.f. showed no difference on chlorophyll contefitsprouting regeneration
between two locations, as shown in Table 3. In isgetbgeneration chlorophyll content in burnedakian was

higher compared to unburned location.

Table 3. Chlorophyll content of Anthocephalus Cadamba Miq. and Mallotus leucodermis Hook.f. on regeneration with sprouting and
seeding in burned vs unbur ned locations

Species Regeneration  Location  Chlorophyll Conterg/¢ plant)
A. cadamba By Sprouting  Burned 6.51 a
Unburned 4.62a
By Seedling Burned 8.34 a
Unburned 7.73 a
M. leucodermis By Sprouting  Burned 17.67 a
Unburned 15.13 a
By Seedling Burned 29.44 a
Unburned 19.81 b

Result of t test on chlorophyll content iAnthocephalus cadamba in both burned and unburned locations showed
that there were significant differences between twpes of regeneration. Chlorophyll content on desg
regeneration was higher compared to sprouting erg¢ion(as shown in Table 4).

Study onMallotus leucodermis Hook f. in burned location showed that chloropyhtent on seeding regeneration
was higher compared to sprouting regenerationstias/n in Table 4), while in unburned location nffegtence in
chlorophyll content between two types of regenersti

Table4. Chlorophyll content of Anthocephalus cadamba and Mallotus leucodermis on sprouting vs seeding regener ation in burned and
unburned locations

Species Location  Regeneration  Chlorophyll Conterg/§ plant )

A. cadamba Burned By Sprouting 6.51 a
By Seedling 834 b

Unburned By Sprouting 462 a

By Seedling 773 b

M. leucodermis  Burned By Sprouting 17.67 a
By Seedling 29.44 b

Unburned  BySprouting 15.13 a

By Seedling 19.80 a

Anthocephalus cadamba Mig. and Mallotus leucodermis Hook.f. were two dominant species of plants foumd
peatland forest after being burned in Batang ,AWest Sumatera, Indonesia. Both species showditly atioi
regenerate by sprouting and seeding after burigd.understanding about are very crucial in an ¢ffor forest
recovery which damage due to burning. Stomataracheristics and chlorophyll content relate to plan
physiological response showing adaptation to enwrental stress.

Changes of stomata characteristics Aancadamba as a response to environment after burning wasntbst
dominant showed by sprouting regeneration, whensitle length and width of stomata on sproutingengifferent
between burned and unburned location. In the ddfth, on seeding the changes of stomata chastaisrivas
found only in width which was different between tlezations observed (as shown in Table 1). Stonisatamain
gate between plants and atmosphere which play @ratewle in vegetation as their response enviremtal
condition.

Density of stomata of sprouting regeneration tertdetecrease after burning, while on seeding ragdine density
and length of stomata were not different in twoakians. It indicated that there was different pbimijy between
the two types of regenerations in response to enmient changes. Plants have specific charactershwhi
differentiate one type with another. The specitiamacters was believed as an adaptation to cegtaimonment.
The decrease of stomata density in sprouting regéor of A. cadamba after burned is one of its adaptation to
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environment stress after burned. Burned locatauses the vegetation to open, increases lightsityewhich in

turn makes land dry. One of physical charactereatland when it was burned, the effect is irrabésirying(13).

Some plants was adapted by drying and reducingnaber of stomata. There is a relationship betweernré¢sist
drying plants with the lower number of stomata.haligh number of stomata in sprouting regeneratexrehsed
after burning, but its length and width increas&lomata density and length had negative correlattich could
be seen several million years ago(14).

This data showed that seeding regeneration hadigibgical characters which were suitable to envinemt
condition after burning, thus the plants did natchéo reduce a number of stomata when facing emviemtal stress
due to burning. Regeneration by seeding was seitablvater limited condition and very various fostance higher
resistance to xylem cavitation, closing of stomb&dore drying and high tolerance of leaves for myyl5)
Regeneration by seeding needed to grow rapidlynsatdred(16).

For these reasons the plants should increase pimbhesis activity and this had strong correlatiathwumber of
stomata which function in carbon fixation. Densitfiystomata related to an important process intplaarbon
fixation, photosynthesis and transpiration. Nornosing species had gas exchange rate higher thantsm(16).
Anthocephalus cadamba is a plant which is tolerant to light. Light i amportant factor for plant growth(17).
Stomata was needed for carbon fixation in photbhsesis thus gives advantages for growth. Then, litméking
Anthocephalus cadamba seedling to grow rapidly and found dominantly efiarning.

WhenAnthocephalus cadamba from seeding regeneration was compared to spigutggeneration, both showed
stomata characters which almost the same whenetkisted in the same location (burned and unbuloesation),
except length of stomata from seeding regeneratias different from sprouting regeneration in bognlocation
(as shown in Table 2). It was indicated that bdlsicstomata from sprouting and seeding regeneratiad
characteristic of stomata which almost the samé, Bhen each type of regeneration existed in dffelocation,
changes could happen, mainly on sprouting reganarés shown in Table 1). It showed that environnhfactor
caused changes on stomata characteristics mairgprisuting regeneration. Sprouting and non-sprgusipecies
coexist and represent the two main types of postréigeneration strategies(11; 18).

Stomata density was not different among individuaf Mallotus leucodermis either on sprouting or seeding
regeneration in two locations. But there was diferes on length and width of stomata on two typks
regenerations in burned location. It indicated thath types of regeneration showed almost the sasmonse to
environmental changes by changing the sizearhata after burned. Number and size of stomatardigal on
species and environmental factor at the time leaxare developing.

When compared stomata characteristics from spmp@imd seeding regeneration . Leucodermis they showed
the same length of stomata when they existed irsétmee location (burned and unburned locations)hmyt had
different number and width of stomata between tyaes of regeneration both locations. It indicateat basically
characteristics of stomata of two types of regeiwna tended to be different.

This result showed that oAnthocephalus cadamba environmental changes after burned did not chathge
chlorophyll content either on sprouting or seediagenerations. Chlorophyll content in seeding apobuting
regeneration was not different between two locatigas shown in Table 3). There was differencehiorophyll

content between sprouting and seeding regenesatianshown in Table 4).

In burned location chlorophyll content of seedinggeneration (seeders) was higher compared to @pgout
regeneration. In unburned locations the differensas also shown between two types of regeneratibarev
seeding regeneration had higher chlorophyll contlea sprouting one. It was indicated that theas wifferent
physiologically between two type of regeneratidhseding regeneration had a better physiologicdbpaance on
leaves because it had higher photosynthesis thautipg one(16), thus its chlorophyll content wasoahigher.
Seeding regeneration had shallow root and to maxirttieir survival they had specific characterisficoot which
had higher efficience in acquisition soil sourcegnpared to sprouting one. Root structure of segslimade
possible to be more efficient to explore the upgait layers, while sprouting might store carbon ghetrate
deeper soil layer(19).

In Mallotus leucodermis burning did not influence chlorophyll content sprouting regeneration but it did on
seeding regeneration. In seeding regeneration apigtl content was higher in burned location cangg to
unburned location. This condition was contrary teatvhappened ténthocephalus cadamba where chlorophyll
content of seeding regeneration was not differenivben burned and unburned location. Burning oftat@n has
caused the area to open, thus sun light comeglstreo forest ground. In an open environment ligitténsity
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increases thus increase photosynthesis. This éomds needed by pioneer plantsMallotus leucodermis to grow
rapidly. Regeneration by seeding needs to growdhapnd mature. For these reasons the plants heanees
characteristics which relate to increase efficyeincgrowth and acquisition of sources comparespi@ut(16).

It is predicted that this is the cause of the iaseeof chlorophyll content in seeding regeneratioourned location
compared to unburned location. In burned locaticmprophyll content of seeding regeneration Méllotus
leucodermis was higher than sprouting regeneration. This ignditation that changes of environmental condition
after burned increase photosinthetic actiwityseeding compared to sprouting regeneratibnunburned location
there was no different in chlorophyll content betwesprouting regeneration and seeding regenerafitant
biological response on condition after burned vhaad depended on many factors such as ; (a) Blzeties ; (b)
Microclimate (soil temperature, light irradianceg)e (c) density of population growth; (d) compietit among
plants; (e) limited nutrient resources; (f) firdansities, and (g) season(8). Condition of vegmtaafter burning
was different and significantly depended on bugravel and development stages of vegetation(20).

CONCLUSION

Different mechanism of regenerations, sprouting aeddings, showed different response on envirotahen
changes after burning. lAnthocephalus cadamba, characteristics of stomata and chlorophyll conteare not
factors determining adaptation capability of segdiegeneration in burned location, while adaptatiapabilty of
sprouting regeneration was determined by charatiesiof stomata. IMallotus leucodermis, characteristics of
stomata and chlorophyll content determined adaptatiapability on seeding regeneration, while orosging
regeneration it was determined by characteristictamata only.
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