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ABSTRACT

The: presenie of shace Irees nas ecologica indion [0 redure ar peduBon eee
The part of Igsves, Somai 18 responsiie for the furcion. The sody Emed o
nveninny spedes and aralyn the charac s ics of eal slomala of chada Imes
a1 UIN Walsongo Semarmng. This explmon mmamh was omciied in
Sepiembe-Ocioee 2001, Dosarvalion melhad (hroughold the campls &red was
carnd oul by 1sng chsarstion sheel, Soma mpresarialne bocks and aides
were used &5 mlsiences. For slorsats obsscaaion, eal samples weee @Een by
pulfive sereplng. Faraderial preparations wene mate by wholsmguntrethod
Al iala wens anabyoed desripheely, The nesulls showad this them wore abou 17
Tamiied. 37 spedss and T2 rdiiduslspeces of shade Nees goming N CAmDUS
&3, Then., there wem about & families, & species and 13 ndwdual speces ol
shahy Broes growing on camgess | The bighest rumber of Irees i both lcation
‘i Glodogen Tisng. Thees were aboul T Bmies, T soecies, snd 184 inchvidual
spoches of shacke ees recendy planied on campas -3, Somala characeristics
(tyeer, disiabation, kengih and widk, pore length and wicth, nombar, and dansiy)
differed in each speces. The lagest {[Jhala sics and pore were found in in
madal leges of Myamekng whersas e highest somata densiy wes Tofin
sodial laves al Mahsgory . Pore siee and denaity of #ometa wers related Kithe
Hjﬂhmhmukpqﬁmmﬂﬁalhmm&mhﬂhﬁa
sy showed plant diverzityin B campes

Irveanfry; shade trias: Somatd

How o |
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cramcienstios of srade Fees al UIN Walsosigo Sevarang. Edubiodk @ el
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Thiais uﬁ v ancess aich dnder the CC-EY-BA foeme

INTRODUCTION

LIN Walisonga Semarang is a siate kslsmic miversity located in Ngafyan District, Semarang,
Indonesia. The campus = located in tao difierent locations. Campes 1 & ocated at Jalan Walsango
Numbar 3-5 Semarang while campus 2 and 3 ars located af Jalan Professar Hamka, Mgaliven, Samarang.
Basad on the latest data, n 2049, this campus hes an ares of £ 304,226 mf consisting of; campus 1
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{20,715 m¥, campes 2 (100370 m®), campus 3 (174 146 m?), and sbodent dosmitorizs (9065 m2)
{Laporan Resdoe LIN Walisonge, 20119), Mary trees and odher green plants hawe been planted here with
the @m for reducing ar pollution end Incressing aesthetc valus, in accordance with e program
conductsd by e campus, namely “Smar and Gesan Campus’. The uniersity has cemed oud
reforestation activdias in gresn open spaces, inciuding i the yard or the enviranment amound hudings
and parks. Shade trees are also planted along e campus ansa mads.

Shade lreqs hava funchon fa provide shads and block the glare of #he sun (DPU, 2012} As
profecine plants, thay proveda prodechion fo read wsars undernaath from thea hot un end rein {Cwivar,
20135 In addiion o kaving an anhmimclim. shade frees also hawe an emdogical funchion for helping
io reduce air polution leveds (lzmivati ef al, 2014; Pudn edal.. 2013; Sanloso et al., 3012). Tree vegatadicn
also can acias a microclmats oonbrofar (lemperaking and humedity) 25 wall as sound absorbars (Pratara
ol &, 2021), Angther funclion of shada Trees is 0 provide caygen as wel a5 3 Rabilal lor insecte and
birds. There are various geometic requirements thet need ta be considenad in the selection of the shade
frees, incucing: having & good reol system which grows witheld demaging read construction and public
Tasdities; the branchas are not easly broken; tha leavwes are not @asy 1o fall off, and sasy to care (DPU,
2012),

Flent crgan direclly refaled to e air is e feaves, especialy inthe stomals. Stemala are pores
lined by two guard cels in the epidarmel lissue. In plant medabolizm, slomata pley a rale in gas sxchengs
betwean carbon dioeide (CO0y) and axygen (O) (Raven el &, 3011). Leawss of shade frees can help o
reduce kevels of GO: and lead (Ph (waste from malor vehides) indhe air through stomals (Hamidah et
al. 2020; Yudha et al., 2013). The parSculate matier espegpgly laad can panstzle in leaves though
stomalal openings {Scheeck et al., 2012). Gasacus and dust polluiants entess the Eaves though etamata
Iofiowing the same dgigeion pathway as CO: and can affec e sticlural and luncticnal slomata
properies {Kushwaha sl al, 2018; Poukhabbaz elal., 2300),

Stoma® characterislics in each pland are different bath between = faxa and in individuals
{Sesiowatl o g 2L Thus, Ihe slomata can be usec a3 plant laxonomic 100l (Song etal, 202), Tha
fumction af fie slomat & directly retaled i hai distibuton patter. &8 difarsnl dwizgions af planks hava
differences of slomata distibubon paftem in which the dshibubion pallen & nol only under conlrod
gonalics, bul ks ha enveonmsental ctars, such a2 light intenstprghumiday, temparatum, atmespharic
carbon doxice and nulriend avaiabibty (Croadale, 2000, Khan o al, 2014, Kushwana of ai, 2018,
Pourkhabbaz et & , 2010). Thersfre, il is mporiant for us to investigaie the siomata properties related
1o the protective function of shede Irea lesves

LIN Walisonpo Semarang has comgpletsly built szwaral new buldings of the klamic Develepmant
Benk (1sDB| projact an 2021, The development activities have crepted an and anvironment. As gresn
campus, UMW Walsongy Semarang has besn concemed sbout the environment by managing fhe
ervranment in a systemalic and susieinable mannar in arder {0 provida the comfor foe the acadamic
commundy as wal as help toreduce the impact of globa!warming. Thes concem was shown by $he numbssr
of Ireas pEanbed ihare, even several new [Fee cutlings from savesal specikes have bean planted along Ha
road o the rew buidings and around them to provide $hie cocdness. The informatien about pland or shade
trae specas in tha camput hes nol baen recorded end tha inwaniary od tham has not bean camed aut. In
other campus, Bventory actiily of plant species kas been camad out, nol only an shace Trees byt alzo
cn shrubs and bk (Wijaya el al, 2007) or focused Gn the medicmal plants (Hesan et al., 2020} and (ha
mangroves (A Sraug and Purwars, 2017) This study just focused on the shade trees and its sfamata
charactenstics riated o he eoslogical undions, The studies of slomata charactansics were alse camed
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oul, butthay arelimited to a few pland species {Des etal, 2030, 2021; Kamauddin et al., 2020). Thersiore,
the shudy simed 1o imendory species and analyze the charsclenstics of stomata of shede trees & UM
Walsongo Semarang,

RESEARCH METHODS

The exploralory research was mm:taﬂst%'ﬂalm Samarang in Septambar-Ociabar 2021,
Tha identification of someta characlerisfics was camiad cut at tha Laboratory of Fland Structure end
Development Faculty of Science and Tachnalegy, LN Walisongo Semerang. Wa divded Ihe ressanch
facation inlo 2 areas, namely campus 1 and campies 2-3. The mventory of shade tree species was carmied
cul thraugh chservatian methads usng observeton sheats. The papulaton was all plant trees at &e
campus whineas the sample was the mature vees wih hie minimom height of 2 malers. Soma books
arfitled "Piand Systamatice, An integraked Appoanch, 3 Edior” {Sngh, 3010), "Plant Systamatcs (2™ Editon|”
i Simpsan, 20000, and "Mengenal Tanaman Pelingung of Sekiar Kita” {Dwivani 2013} were used &5
references of plant species. The colecled data consisted of: local names, scientific names, famly rames,
numbier of indwiduals, and growing bcations. & bock entitied “Anatami Tombutan” (| Sushowall, 2005)
and sceme aiticies enfilled “A clessificalion of slomsial ypes™ (Colthem, 1370} and * Srechie, celimitadion,
romendsiure and clagsfication of stomals” (Prabhakar, 2004} were used as references of slemala
propediez. Environmenial faciors such as air temparature, humedity, allibude; air pressure, and Eghi
mbanzity wers also measursd &8 supportng data.

Leal samples were taken by purposive sampling, each with 3 replications. Mature leawes (5
posiicn from each shood) were takan in the moming (08 00-08.00 am). Leal pasadermal pregaralions
wars praperad by tha whalemousd malhod {Sass, 19588). Cleaned frsh baaf piscss | 1x2) cméware healed
i 25% HNCy undd (he leal colour became pale brown and e epidesmal Bsue appeared locss. The sofl
baaves ware washed using disliled waber n a pelri desh, The epdenmes was carefully segarated. Then,
the apidenis igppr was dripped with 1% safranin dye for + 1 minute. After thet, the staned epidermiz
was rewashad wilh dstised walepgya petr dish. Tha agidermis layer was carefully placed on a side that
P baest dripped wiln waber ared Then covenad wilh & coves (iass. The reparabiars wane obsered under
a hinocular microscope (MT-30 Meiji Tecno) with 100x and 400x megnification usng opsiab. Stomata
GEpractinstcs wess analysac using an image rastee. The observed paramilens wer dstnbuton, type,
bengthand width of stomada, ength and widih of pores, nember of stomata, and density of siomata, which
were abserved in: the wide field of view (30x magnifcation), Delerminaton of stomatal density was
calcutated by formuka (1) from Wilmer {1963) in Des el al (2020,

. The umber of sLomat
Shomaka dernsity = wide Nedd of view {mmz = v (1)

Tha guartitetive dats wers analysad using Mcrosaofl Exesl and 1BM SP5S SiatieSes 21 safwarne o
obizin the mean end standard deviaion of each measwement. All date were then analysed cescriptivaly.

FINDING AND DISCUSS0N

The observation anea in this study was divided inko 2 areas, ramey: campus =1 and campus 1.
Campas 2-3 included (Mo man gate of campus 3, the Lgeyiage devalopment cente (PPE), mosque of
campus 3, ICT, hall 2, libeary, student regiment bulding. Faculty of Sacial and Poggyal Sciences (FISIP),
Faculty of Pevchalogy and Healih (FPK], Fagulty of Shana and Law [FSH), Faculty of Da'vah and
Communication (FOK), Faculty of [slames Economics and Businass (FEBI), connecting maads of cangus
2-3, FUHUM, mosque of campies 2, Science labombory, Faculty of Tarivah and Teacher Traiming [FITK),
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and along the nm mad of campus 2. The area a'=a induded ssvaral new [sDB buidings such as FEH,
ractorale, FST (Faculty of Science and Techapkogy], FUHUM [Faculty of Ushuluidin ard Himaretes),
planetasum, and |brary, Futhermoee, the inverdary coatireed on campus 1. Envirenmanial factors in
sach abssrvation eras were measurad (Tahlz 1).

Tusde 1. Envirenmental Factors of LN Wakscngs Semaang

Hao, Paamelers Values
Campnis 1 |B” 59 31 13532 5 1007 20 STA252°E)
1 AF mmperalre MM AT
i fur humickty (BEETE
3 Htaude (B2-1032) musd
4 i press e HC08 11001 55 hPa
5 Liglt inteniaity 18010 Lux
Canspus 2 (6% 50 238467 5 10° 123 B
1 Ar g ralre Rl
2 &r humicky 1E65T) %
k| Hmude 1951021 maal
d B presiure 11000910013} HPa
5 Light imiensity 1T 450 Luk
Campus 1 [5° B 14,2050 5, 10 2V 1M E
1 A emperatirs TS
| A humidiy LBEETH W
1 Hemude STEH) M
4 A prEsEUrE |1 A& 10T hifa
g Light imenzity TREM L

The results showed that thers were about 17 famiies with a Iotal of 37 species and 712 ndviduals.
{Tabde Z}. The highesl number of spacies was dommaded by Fabaceas {T spacies) with a ioil of 50
ingrdcuals. In addition, on campus 1 these are B fanslies with 3 fatal of § spacles and 138 mokiduals
{Tabia 3},

Takde 2 Data on Shade Troo Specles on Campus 2 and Campus

i Local Hama Schenlific Mame Famiky Tatml Lecatlan
1 Masia dcade aurifomis Fabacaae 4 Fi58, FOK, FLEHUM
Wi moad of camius 1,
i | hal 2, FOK.
5 hega Plictadipons svebiain WL Fibarada 20 m.mm %
campis &
PR mnnading mad of
3 Halimbing Avsmhes caraonboky (oalidanems 2 cEpE 23
4 Belimbng wukh Avmrnca Bitmis Choial e pam i PFE
5 B n : _— PP, hall 2 FESI,
Lﬂmﬂﬁ Fizus banfamina L Meraceas ] FUHUM, FITK
& Riniam Cwham mangnas Aoy A an i FLIHLIM
¥ Bunga herak Garsaipnis pulchpmna Fobacaas i FOH
a Dunen e nhephmi Ml ae 1 FOH
Istair rend of campus 2-
3, mosqus of @mous 3,
9 Giodopan TAng Fnfhatiis namiodd Sorn AANCNELRSE 106 hal 2 F5H FISP,
plarsanum FESI,
vornisting road af
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N Local Nams Seientific Hame Family Tatal Lacation
campus 2-3, FUHLIKM
FITe
i1 Jambu Eif Podum guatna L Wyriacoas FO&, FEBI
1 Jarrbu Bl SrFpm malaroense Wy riaceas 4 = FUHUK
FIEIP, FO¥, FEEL
; cornesling road ol
12 Jad [Tes| Tedhona grands L Lamsscess al N e
of campus 3, FITK
Koequo of campus 23,
13 Fambae Mumesns s oy rane e i FOK, rmain road of
Campus 2
14 Kapas Harl Al avmqusfa L Malvaiaan 2 Science laboratory
18 Karal Bpho Fucus miasica | Woracnan ] FUHLIM
FUHUM FIEP, FDK,
- FEEI, cormecing road of
1a Fersen ek D calabora L. Ebhscapaceas 28 CaNpis 23, Min R
of Empus 2
Mair rsad ol campus 2-
1 hell 2, F5H, FOE,
17 Kemapang Termenada calSnPda L Comorelacaag B3 FLHUM, Mosgue of
campis 2 FITK.
Science laborafiry
. R Fiws i Moracaae 6 Wl 2
14 ng Termnaii mmendaly Comorelaceae i3 FC::;:.FI':F":’-;IT;IH
il Joher SRR S FEoazaps T FUHLIM
| Kisra Payung Fimws decuens Sapirdacess T Hal 2, F2H, FUHUM
& Eupuskoopu Hybuna pupumea Fibacaas g Fms
Mdair ioad of campus 2-
3. Hal 2, FSH RS2
# Wahegany Seedenls masmphs Mellzce 28 a2 FPK, FIN, FEBL
FUHLIM
FPR, main road campus
2-3. Hall 2 smoeni
ragment bullrg, FER,
FPH, FIOE, FERI,
k] Mango Mangdera iica L Aracandlacean BF coenecting tosd of
campus 2-3. FUHLIK
mcu of Campes 2,
Goknca lpbonatory, FITH
3 Mewa Pomens Dimers Sapirdacesa T FFH, FEH, FOK, FESI
Fai Mergka Arfotamus hedsmnhpius Woracess 4 FI¥., FEBI
# My@mplung Carpfiyiim iophpdm L Cacphylamae 3 FIOR, FLUMLM
Lisrany, FO#E, FLHLUM.
4 Pl Merah ST mpTiiedhm W MBce B2 26 cormecling s ol
cEmpes 23, FITK
i Pulpi Alslons 500 0ns Ay e an 1 i S
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N Local Nams Seientific Hame Family Tatal Lacation
e e of Canmpus 2,
Fime
| Rambutan fézpfrofom fapeansun L Eapirdacoam £ FOK,
Womoue of campus 3,
L} Sawn Rl anidair ko (L) Cussard, Sapclaman 4 FE, FEBR, main mad of
campis £
Az chvengs (Oebadk] gof 1,
2 tengw i Fabacaas i
LE| Sritan Fyoar adummim L Premman 1 Edence Labonmony
E| Spsihodas Spafhdsn LRGN Bqnontacass 1 FLEHLIM park
5 Suln Affocaous cosmnsns Korace i 2 FLIHLEA
Mosqun of ramps 23,
ol 2, shudent megiment
i Tanpno Manusoos slenod L Eapotarmas a1 bulding, FIEP,
pleralaibim, man 1ol
of camps 1-3
FO, planeleriam, mah
kT Tresbesi Sarransg samat [Jee.| Men, Fabaceas 23 road of campus 2, o
FITe
Trotal of idievidisals Mz
Takde . Duta on Shede Toes Species on Campus 1
] lLocal Namse Feamnaric: Nama Farviity Tods 15
1 Beringin (Banyarn| s Deviisnms L Momaess i Campe §
2 Godwan Tieng Pofpaifva knoifais Eonn. Annions poe i Campue 1
1 dambu Bol Syrypum malsocenso Pl yriac ran i Campue ¥
4 Kambog Pumpna sp. Apocyracest 4 Campus 1
§ Edingeery Démpzarmpes (ongan Lour. Eapindsozan id Campue 1
B Eptazang Tarmwrla caan | Combretacna | Campus |
4 taha ey Susfond macron i Malacans ] Camps 1
g S Hieck Maritiers skl ) Duherd Sapolpcese d Campis 1
Tola! of individuals 138

Tha rasults showed that the highest ketal number of shade lrees i he universdy was Gledegan
Teang, ebout 192 mdwviduals, then follewsd by Mahogeny, Katapang, Mange, Tanjung, and Teak (Jali)
{Tabies 2 and 3). Seeme tree cuttings intenticnally plarsed as shade ot LIN Waksongo Samarang alang
widh the conslruchaon of the new 1508 buidng wilh an amea of 26 400 m? (Table 4). The new Irees ncluded
Bungur, Spathodes, Famboyant, Pulsi, Sawe Keck, Trembesi and Ketapang Kencana, Itis possibie fat

ackditional number of new rees wil be planted e in e coming year.

The shada trees growing at LN Walisongo showed diverse. Based on Table 1, 4 was seemed no
differencas of the envirormendal factors in the campus, The allitude betwasn the fao areas {campus 1
ard -3} differed sighdy. The enviranmental factar waluss i the areas ware aimast same and showed
tropical environment condilion. The sir tampergdure (240134 5°C) was sultable for the growdh of ropacal
plents. Therefoe, all of shade rees could grow well there, The oplimum waledng was needed by planis

for thesr grawth,
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Tatde 4 Data on Mew Shade Tres Species on Campus 2-3

Mo, Leszal nirre Sehntits same Farrlly Tetal Lotatkan
Connecling
f Bungur Lagersimema spevns Lythraceas i7 road of campus
23
Cennising
2 Spathodea Spadkoded campanulaim Bignoniponas iF road of campes
235
. . Whzin road of
i Flamboyant Deortin regia Fusaceae ay camous 3, EST
4 Pual Hslonig sekolsns Ao pas 65 me
3 Hawe Kok Mancara bl (L) Buband Sapoianean h FéH
: : Mean road of
i Trambes S3Mnea satTan (Jam | Mem Facacear 3 i
Ketapang Mzin road of
i/ i i Termnala menfaly Combmimaan 40 camous 3, FST
Tedad of indiwiduals 184

The shade trees had ceran morphological appearances such as the shape of the cancoy,
branching, rool sysiem, shapa, amsa, and calor of the |eaves as well as tha shepe and color of flowers.
These vanous elemenlts, a frse prosded & certan funchion in & landscape. Some functions of them wae
as 1) shade; 2) palldant absorber; 3) noise sberber, 4] wind beeaker; 5} sight basrier; and B) bocking
vehicie headlight glare (Damayanta ef al, 2017; DPU, 2012). Some shade trees at UM Walisange could
ba cassified inte the categary, For pxample, Kiama Payung, Tanjing and Angsana trees had funchons &5
poilutan! absobers, nose absorbers, and wind lreakers. Santaso el & (3012) alse recommended
swaral shade inses having the ability lo absorb metals such as Glodogan Tiang, Angsana, Kiara Payung,
Ketapang, Banyan, Butterfly treas, and several olher species.

Thx combéinatan of e fnctions of the shade free would Incease the comifies far mad usess (Tha
acadamic communily of UIN Waksongo Semarang) Thiz-comiert could be ralated o the uncian of rcad
shade ees in contrlling the microclimate (iempemturs and humadity} (Rada el al, 2019}, As repared
by Massia el al, (2017} that dimatalogical somions such B3 lemperalune and humicity in parksigreenapen
spaces were the preferencas af wsitors at Mentang Park and Honda Tabst Park, Ja&ana Yesmine end
Wicaksana [2018) also reporied hal the comifod index in Taman Singhs Mesjosan, Maleng, East Javs,
could ba =aen from the mle of trees in conbrediing thesa mecrodimata. According ta Fratama ef al. {2021),
in addibon to Eemperatus and humiddy, he comifort ndex was el=o sean from fha noise fBdtar, aspedally
in tralic-neavy urban aneas such as Jakara,

A shada tree had cerain requirementsm coder b casy oud heir funclicns opmally (Dwayan, 2013
The |eawes had thick and [esh canogy fo provide shade and withstand the glam of the sur. However, e
arection and inclinason of the canegy nasded to be corssdesmd, Overtaanad canapy taward @ Buliding
coukd reduce ks seshelic vakue and increased The ek of buiding damage meamhile cverincined canrapy
i 1he road could mcrease he risk of danger o road users, bath pedasirians and mobarsts (Surplo and
Akzan, 2021, Thore were no shade tees at LN Walisonge keaning towarcs the Building. Fegukar
irienmming some ree branches has boen done o avedd this. On te alher Rand, Gledegan Teang had a
conical canogy s that the beenches did not reech the bulding. Then, the leaves of shade Irees were nod
easy to fall off because ihe over fallen leaves quickly caused dirly road and also he stems or Brandhes
ware nof gasly beokan when Dicen by the wind, The shade trees had rops which were retatively strang
and grew inward, did not spread fo the side or b the maad, and did not cause road infrastruciure damags
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{Zayadi ard Haya$i, 2017}). Basad on cheervatons. road demage cavsed by tree mals was rare in he
GRMERIS,

The other requirement was shade bress should have g high tolerance level or easily adapled o
aemviranmental faclor changes. Fulhermora, shade ¥ess had the akillty %o shsork dust parsdes and
gaseaus podludants, playing rale as a biomaonitar for & pollubon levals (Semsoedin et @, J015). Some of
ihe shade trees found appeared to hawve potential as polliand absaorbers. Angsana, Mahogany, and
Tambeasi have baen invesligeted o heorb excess carbon dicxide (Manzwr end Pralema, 2014). Tangung,
Glodegan Tiang, and Mahagond bress hawve also been siuded fo hawe the abdity to abiorb dust
{Rahmadham slal, 2015).

Tha stede fres had a beauful cancoy wilth attractive colarful fowers. Aesthelic value oould be
oblaned from a combinafion of seweral aspects such as oolor (siems, beaves, and fowens| and
marghological characters (ghem shape, branching, and cromn shape), Mest of Be shade frees o LIN
Wal=ongo befongad toa group of flowesing plants thal produced flowers i season. The shade bress fhat
had beautiful flowers, for example, were Angsara, Butlerfiy flowers, Spathedea, Bungur, Trembesi, et
Ko less important was the shade rees had resstance o pests and diseasas. n addion 1o endangaring
tha supdival of frees, the presence of pests such as caerpillars could increasa the rsk of danger for road
users gpoause of making ichy,

In #his sludy, Tha keaf someta characheistics wers chssrvad only on the leaf epidarmes of 15 shade
tree specias growing on locstions slong the mainggged of campus 3 and along the connecting read 2 and
campus J. Qur resuits showed fhal mosl shade es speces had siomata diswibution only on the lower
epdems (baal abaxal surface) or hypostomatic fypes, excegt for the ggaves of Ketapang and Katapang
Hencana (Combeetacsan). Ravan at al. (2017} eaplainad that mosSy Ibe number of siomata was faund
o L heal abail surface as a mechanism for adapition of bees 1o envionmenls wilh lgh lampesatues
i reduce overransprabon. Des el al. (2020) corfrmed the presence of Mahogany beal slomata which
were only on the leal abaval side. Alege & Shaibu (2013} also ggyfrmed that the slomata of Flambayan
{ Daloniy reura) as well a5 obher mambars of Fabaoeae such as Pande bigiohoss, Serna samea | Joha),
Dariaiia oiverisnd, and Cipygaiping pukcharrkma were only found on 1he abaxial surface. An mnleesting
finding from this study was the presence of slomata on e lea! adaxial ard abassal surfaces of Kelapang
and Kesapang Kencana (amphistomatic typeigur finding was diffesant from the results of Des et ot
12027} who reported hat in Ketapang leaves, stomala weee galy found on the abaxial surface, thanefan
they wem classified as hyposiomefc type. However, Ekebe & Agbagwa (2003) repered thal be
distributon ofglomata on Ketspang keaves betwesn catledon beaves and meture leaves wes different,
In cotyleden eewes, stomata wers found on bolh adéssal and abama suraces whils i matune lzaves,
stomats weane fzund only on the sbaeal suface. Thus, the distribution of stomata was mfiuenced by baaf
grow® and development.

The resulls showad thal each species of shede troes had dfferent slomals types (Fgures 2 and
J). Members of Febacsas such g5 Angsana, Trembess, and Flamboyant kad paracylic siomata Sypas.
Paracylic stomata in Fabaoess wera ko mantionad By Obembe (2015) espazially in Barfmt grandifosa
{Vahl.) Hulch. and Daiz beaf end Silva et al {2012). Stomata of Plarocarpus indicws [Angsana) wens atso
abserved having & paracyi@gype (Humami at al., 2020). Paracyic slomata ware aleo found in Pucuk
Marah kaves {Myracese). Paracylic siomata were defined as possassing one or mcne pairs of klera
subsidiary ceils crented paraiel weth the guard calls {Exske & Agbagea, 2015, Anomocytcsiomala wems
Tound on several ober species kaf such as Mahogany, Gledogan Teang, Ketapang, Ketapang Kencana,
Nyamplung, Bungur, Beringin, Ketapang Biola Cantk, and Sawo Kacik, Anomacylic slomata wesa
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sicemals in which the guard cells rememed surpunded by sevaral subsid@Ery cells whoss size and shape

cannal be distinguished from other epedermal cals (Exeke & Agbagwa, 2015). Thera wegg onfy one hype
of amsocybe stomata feurd in Tanang leaves. Ansocytc sigggale wnequal celled) were stomata in which
the guard cells were surmunded by three subsidiary cells {bwd larger subsidiary cels and ane disfineily
smaller (Exehegd Agbagwa, X115). Cydooytic stomata ware fourd an Kisra Payung leaves. Cycocylic
siomalta were slomala in which the guard cells are sumounded by several croular subsidiary coels.
Different resulle were reporied by Kamakuddin e al (2020} wha skabes Sal the type of stomata on Fiam
Penung leaves wem pamacylic.

—

Figure 1. Upper Enldermis (Adaxiall (2) Mahogany, i) Glodogan Tang; () Angsana; {d) Tressbesi; (e} Flamboyant;
i1} Tanjung (g) Ketapang; (k] Kstapang Kencana; (1] Klam Fayung; () Pucuk Baral §ij Myampiung; (B 8anyan
[Bleringinl; [m} Ketapang Blok Candi; (n) Bungur; and (o) Sawo Keok, (4 00x Magnificallos; Bar Scale; Sum)
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Flgure 2 Lowes Epsdarmis (sdaxial): [a) Mahagany; (b Gledogan Tlesg; (¢] Angswea; (4) Trambisd; (o) Flesgeyanl;
11} Tanjunyg (5] Ketapang; (&) Katapang Kencana; (i) Kiar Faywsg; (| Pucuk Marah {k) Hyamplung; (I Banyan
(Barksgia); (m) Ketagang Blola Castl (1) Bungur; s (o) Saws Kok, {400y Mo gnificatisa; Bar Seals Shum)

Takde 5§ Queliaiive Dals of Leal S4omasa Characterisice ol Sayeral Shade Tree Speckes

ka, Lacal nams Sckentific Name Dlstrisation m‘lln

! Mahegany Swldaris masmphyls Abaial Anomocyc

2 Gledogan targ Folvaibis biglode 300 Al ANOMOCYEE

1 Argasna Plerganpus wehaus iNild apg izl Paracyfic

4 Trormbesi Samanea smmar | e | Merr, Ahagial Paraiybc

5 Flambrarl Deloni regy Abaial Paracybc

ﬁ Tanang flinusons slenpl L Ahal Bnknetk

7 Hahageiry T calapo | Fctaial, el ‘““"”;‘m;c::”'“-
f Kelapang Kensara Termnnafia arandaly Fdadal, abacanl hmfn:':;r_ﬂ];;:::ﬂn.
4 Fiara pagurg Filoium decioiens Abangal 16 bl

10 Pugii mersh Sravphin myrifoium Ahaial Parsoytic

1 Myampling Cainpfidum ool L. Abaial AnCmocyEc

17 Barwm [Beirgin) Ficess hanjamina L. Anetsl Aoy

1 Ketapang Biola Canik Fizus e Abeaial Ancenocyfic

4 Bungur Lpa sl THE Scisa Abaial Anomocyic

15 Sawa Karik i ke (L ) Dubard. Abaial Anomooyic
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Tabda 6. Dusmilathve dala ur!usu-n Charscierslics of Several Shads Tree 5
(L [F) Leszal Maire The Lesgth T Width i Piara Tt Prfsrat Mumbss  Denaity (Number
fim] [Ty} Lengsh jm)  iidth (pm) o af Snmatakmni)
FaaiaE
Anaeal Bayes
1 o 1426048 1251 £016 Ti6 1058 405033 13-44 T £ 12603
2z Godogen Tierg 203208 MET=Z3E 13424148 BE5Y¥e075 1316 i1 & 22.22
] fingsara MTE&1ER HET 119 IET9 4140 &S7T&{E6 BT 135357202
4 Trembest 20002050 12102085 1ZOT2108 AN E0M  ZA0 S £ 100
5 Flamboyan PANE 0B 1308 4IT2100 460037 15-tk HOTA £
=] Teug At z09 A £142 16 zD37 8252036 54 14074 £ 33.85
T Eelapang 21534018 1741 &0 1482073 S505: 045 18-t8 0741 & 12.63
3 ’;‘;‘:;E 2IITE 046 1ETHE085 1R0ZE023 51520718 M0 4R
9 KeaPang GRS 0Al MM e008 2402 TR0 BN a0M0sdds
10 Pukhloah 1619202 1B:04 751035 4052008 396 0 BN
b Hyampdng B0 MBHE0BH M0 WExIES 14-15% FHAZ £ 123
12 Berirmgin 2iz0d A e0 22+ D5t GrExl4 189-22 445 + 3850
ry PEEMATNE grasannr WA A1I 1032028 B80T N8 TAMEEM
14 Bung.r 23T 018 1508 £ 0.6 1T 4035 45x&018 1722 £ EL & 5502
% Sawokeck VMO0 M E0H  V0BH002 THIE0IS T ¥MESTER A
Adpial bavws
1 EaiEpang FAZETEd 1T x1TE 14372000 442+ 020 15 BE143 £ 2556
Z :‘;Eué? 2EABe 05 1845 =010 13404144 481 =018 BT 133322222
Boles =3

Tegresuls mdiated that e leaves of Ketapang and Ketagang Kencana (Combietaceas) had

warious bypes of stemals, including: anomocytic, etracydic, and Iul'l':-jl'tl: stomate (Figues ig-h and 29-
i). Tetracylic stomats were siomata inwhach the guard cells were sunmunded by onty four subsidary cells
whise varying size and shape, of which bwo subsidiany cefis were al the poses and fhe other o were n
a lmegyl pasition (Prabhakar, 2004). Meanwhile, isotecytic slomala ware stomata i which the guard cells
ware sunounded by onfy fhrea subsidany cells, which vary inposiion and shapa bul wane apomsimalaly
the same ziza (Prabrakar, 2004} &s mpored by Ekele & Agbagwa {2015) hat thare were 5 [ypes of
siomala on abaial leaf of Kelapang, consistng of: anomocyic, lefracylic, staurocylic, anisooylic, and
ezalricybic. Anomocytic, tetrecytic, and solricylc stongly were predominant while anisocytic end
slaurncylic stomata ware raeg. Slomata development was infuanced iy genate: and emimnmantal factars
50 [hat the slomata characierstics bebwesn taxa were differenl [Casson and Gray, 2008; Zhkang el al |
2012},

Cuantitaive data such as tha length, widih, pora lergth and width, rumber, and densily of stamala
ware also measureggusing Image rasier (Tadle &), Th results showed hat Nyaepiung leaf had sloimata
wiih (32,90 £ 0.96) pm i fength and (24,25 1 0.35) pminwidth, snd fhey were the highest among olhers,
Likewise, the pore lengih and wadth of the Nyamplung leal were (1490 £ 0.55) um and (1068 + 0.83)
pm, respectivaly, and they wers the highest among othars, The stomata size and large |eaf armea sliowsd
the Nyamgplung ree o play an ecciogical fumction in absorbing polutants. Nyamplung's ablity io sbearb
dust has been reported by Sulrisno et al. {2020), In addition 1o siggnata on Nyamplung beaf. stomata on
Eewa Hacik leaf alzo had large stomale sizes wit (32.19 £0.04] pm in length end {2892 = 0.5 pm n
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width. The smabast stomata siz= was owned by Mahopany leat with {14 26 :I:!I.-lﬂ] pm in fength and
{12.51 £ 0. 18) pmin widih, Likewisa, ihe pore length and widsh on Mahogany lesd kad the smallest size
ameng eihers, mamely (7,18 £ 0.59) ymand (4,05 £ 0,33} pm, respectively, The size of the pores stomata
genaraly wared an each planl According to Chichiricet & Poma (2015}, the pore length and width of
stomala cowtd ranga from (3-12) pm and (10-30) pm, respactiely. The pors size wes elated o He
ecokgeal function of a plant, namely the abiity © accumula’e pollutant substances {dust, 0z, heawy
matals, nanapartides) from %he e inde the leaf fissus edfher through adsceplion or absorplion
macharisms. There were fwo main machanisms that mighiggyribute ta the absomtion of heavy metal
partculates, sspecially Ph by lsaves, ramaly intermaliation trough the culicls and penetration through
the siomata pares {Schreck af al g 12).

Tha Fegh and kow stamata densily depends on the numbar of slomata on the wide field of view of
chaservation, Dur sludy measured 3 wide Teld of view with 400x magndicaian al cpliab of 0,045 mm?,
The more e stomata nmbesin the wide field of view, the higher the stomata density. The results shoved
fhat the leaves wilth the highest number and dersity of siomata were found in abaxial leaves of Mahegary
with ine stomata numbar of 43-44 and storata density of (970,37 £ 12.8] per e {Tabée 6], The eaves
with the lowest number and densily of stemata wers found in the adaxial leaves of Kelapang with she
slomala number ¢l 3-5 and the stomata density of (81.48 £ 2566} per mme, Furthermiene, ather relafivaly
bow dareities wane jound in the Katapang Kancana's adaxial and Angeana’s abaxial laves. Stomatal
density on ahaxial lasves in both Ketapang and Katapeng Kencana speces was higher fhan thal on
adaxial leaves, Gererally, in land plants, stomatal demsity on ahedal leaves was Fgher than that on
adaxial leeves. As reporbed by Megia et . (2015) fat the slomatal density an the abaxial baaves of five
cultrans of Sarssvians iifzsciala {air pollutcn absorber piant) was higher than thal of tha adaoal leavas.

Tha physiclogical luncliogry the stomata was retalad 1o the nurber, densily, distribution patiern,
and morphalegical pmperties (Hasmson el al, 2030, Khan el al, 20128) The high densily of slomala
supparted beaves with a broad surface inordar o ged sufficient T infake for tha phaotosynthesis process
and 5o hedp the lesves 1o canmy out 1ha iranspeaton process Quckly (Raven at al, 2017} The aim was 1o
raifuce Fie lemparalung 0 the mesophyl sue (Cooling down process). Futhesmone, plants faying a high
slomala number and shamala densiy wena good plands o use in the absorption of pollutant substances.
Stomatal dengity can be used 33 2 bioindicator and Bomanitorag of air gualty (Balassoma e, 30}
It could B shown Dy ad In sharmata sze and an ncrease 7 stamate density n plans groven in
poor quaity habitets due Xrar pollution (Balesoonya 6 &, 2008). in other words, the high stomatal
density was one way of stuciural adaplabion of plants to i pollutants.,

COMCLUSION

Warious lypes of shade bees have been planied cn e UIN ‘Wallspago Semarang campus in order
o malize the smar and grean campue pragram. There ware abowd 17 famiss, 37 spacas and 712
mudridual species of shade frees growing on campus 2-3 and also & femibas, B specsss and 138 individual
spacies of shabs eas growing on canmpus 1. The highest number of irees i bath location was Glodogan
Tiang. Thare wera aboul 7 famiias, 7 species, and 194 individual spacias of shade bees recantty planied
on campus 2-3. Stomats chareclensbics (type, distribuBon, length and widbh, pome length and width,
number, and density) differed bn gack species, The lrgest slomata size and pore were dound in |n abamsal
beaves of Nyamplung wheseas the highest storgpia density was found in abaxial feaves of Mahagany.
Pore sze and densty of stomata were relased o the abily of leaves i reduce air pollution level, The
shate ree data chiaingd in this study showed plant diversity o he campues. They could be a source of
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dale in oroér to siskehoiders could take proper steps in the manapement of shade trees in accordance
with fhe green campus paogram,
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