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	 Climate	change	has	long	been	an	important	global	issue	caused	by	large-scale	
environmental	changes.	In	the	context	of	green	spatial	planning,	arboretums	
are	 important	 elements	 that	 contribute	 to	 improving	 the	 quality	 of	 urban	
environments	and	maintaining	 the	balance	of	 local	 ecosystems.	This	 study	
aims	to	explore	the	flora	diversity	of	the	Samudra	University	Arboretum	and	
analyze	 soil	macronutrient	 content	 to	assess	 the	 relationship	between	soil	
fertility	levels	and	the	vegetation	growing	on	it.	These	findings	are	expected	
to	 be	 utilized	 as	 contextual	 learning	 media	 in	 biology	 education	 on	
environment,	 ecosystem	 and	 biodiversity	 materials	 that	 will	 foster	
understanding	 and	 awareness	 of	 the	 importance	 of	 protecting	 the	
environment,	conservation,	sustainable	spatial	management,	introduction	to	
the	impacts	of	climate	change.	Observations	were	made	using	the	inventory	
method,	with	data	analysis	focused	on	the	content	of	macro	nutrients	in	the	
soil	taken	from	the	arboretum	land.	The	research	location	was	at	the	Ocean	
University	Arboretum;	the	research	was	conducted	in	June-November	2023.	
From	the	results	of	the	study	found	16	species	with	a	total	of	437	individuals.	
The	most	 abundant	 species	was	Alysicarpus	 vaginalis	with	 92	 individuals,	
followed	 by	 Ottochloa	 arnottiana	with	 55	 individuals	 and	 Spermacoce	 sp.	
with	 45	 individuals.	 The	 species	 with	 the	 highest	 cover	 were	 Alysicarpus	
vaginalis	and	Digitaria	sp.,	each	at	220%,	indicating	significant	dominance	in	
the	 observed	 plant	 community.	 From	 the	 results	 of	 this	 study,	 it	 is	
recommended	that	schools,	especially	at	the	middle	and	high	school	levels,	
integrate	 visits	 and	 learning	 activities	 at	 the	 arboretum	 into	 the	 biology	
curriculum,	 because	 the	 arboretum	 can	 function	 as	 an	 outdoor	 natural	
laboratory	 that	 supports	 hands-on	 understanding	 of	 biodiversity,	 ecology,	
morphology,	and	plant	conservation.	
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INTRODUCTION	
Climate	 change	 has	 long	 been	 an	 important	 global	 issue	 caused	 by	 large-scale	 environmental	

changes	 (Xie	 et	 al.,	 2024).	One	of	 the	main	 factors	 is	 land	 cover	 change,	 loss	of	 shade	diversity	 and	
greenhouse	effect,	and	urbanization	(Lopes	et	al.,	2025;	Rahmawaty	et	al.,	2021a;	Rahmawaty	et	al.,	
2021b;	Giles-Corti	et	al.,	2020).	Plant	diversity	is	currently	experiencing	a	reduction	in	species	resulting	
in	 associated	declines	 in	 ecosystem	 services	 (Zhou	 et	 al.,	 2024;	 Suwardi	 et	 al.,	 2023).	 The	potential	
ecological	consequences	of	biodiversity	loss	have	received	widespread	attention	worldwide	(Mi	et	al.,	
2022).	

Currently	about	one-third	of	the	300,000-450,000	vascular	plant	species	are	facing	extinction	due	
to	various	anthropogenic	activities	(Diribsa,	2024;	Dunn,	2017),	including	overharvesting,	exploitation	
through	agricultural	practices	and	urbanization,	environmental	pollution,	land	use	change,	presence	of	
invasive	species,	and	global	climate	change	(Prakash	&	Verma,	2022;	Prakash,	2021;	Prakash,	2017;	
Kumar	&	Verma,	2017;	Ren	et	al.,	2017).	Arboretums	are	also	one	of	the	environments	in	which	several	
fauna	live,	and	the	distribution	patterns	of	plants	in	these	communities	are	influenced	by	small-scale	
heterogeneity	in	habitat	conditions	(Xue	et	al.,	2019).		

The	arboretum	as	an	ecosystem	has	many	benefits,	such	as	enrichment	and	protection,	so	that	it	
becomes	a	research	centre	(Affandi	et	al.,	2020;	BGCI,	2023;	Chen	&	Sun,	2018).	Arboretums	also	play	a	
role	 in	 absorbing	 carbon	 and	 producing	 oxygen,	 alternative	 green	 open	 spaces,	 a	 place	 for	 various	
animals	 to	 find	 food,	breed	and	shelter,	and	other	benefits,	 thus	 the	existence	of	arboretums	can	be	
further	utilized	to	optimize	their	function	as	carbon	stocks	and	CO2	absorption	which	has	a	significant	
impact	in	dealing	with	climate	change	and	small-scale	conservation	(Ansari	et	al.	2024;	Wulandari	et	al.,	
2020;	Li	et	al.,	2020a).	

In	 urban	 areas,	 arboretums	 can	be	 used	 as	 a	 solution	 to	 fulfill	 green	 open	 space,	 biodiversity	
conservation,	climate	change	mitigation,	and	water	catchment	areas	(Li	et	al.,	2020b;	Zhou	et	al.,	2020;	
Dimobe	et	al.,	2019a;	Arico	and	Jayanthi,	2019;	Jayanthi	and	Arico,	2017).	However,	suboptimal	land	
management	 and	 spatial	 planning	 policies	 have	 the	 potential	 to	 have	 significant	 direct	 or	 indirect	
impacts	on	climate	change	and	hotter	urban	temperatures	(Ariani	et	al.,	2021;	Di	Pietro	et	al.,	2023).		

The	lack	of	integration	between	green	space	management	and	environmentally	sustainable	urban	
planning	 often	 leads	 to	 a	 decrease	 in	 air	 quality	 and	 an	 increase	 in	 the	 urban	 heat	 island	 (UHI)	
phenomenon,	which	worsens	urban	environmental	conditions	(Cetin,	2019;	Chen	et	al.,	2016;	Dang	et	
al.,	2023;	Kim	and	Brown,	2021;	Tam	et	al.,	2015).	Recent	research	has	demonstrated	the	role	of	tree	
canopy	cover	in	moderating	UHI	impacts	(Lopes	et	al.,	2025).	Ziter	et	al.	(2019)	found	that	even	small	
urban	green	spaces	can	dramatically	reduce	temperatures.	Interconnected	networks	of	green	spaces,	
both	at	the	neighborhood	and	city	level,	provide	a	range	of	benefits	such	as	energy	savings,	reduced	air	
and	noise	pollution,	stormwater	management,	reduced	likelihood	of	flooding,	improved	urban	quality,	
and	enhanced	livability	(Gargiulo	and	Zucaro,	2023).	These	networks	can	also	promote	the	protection	
and	enhancement	of	undeveloped	and	neglected	natural	areas	in	spatial	planning	(Hiemstra	et	al.	2017).	

Their	 findings	 showed	 that	 areas	with	 significant	 tree	 canopy	 cover	 experienced	 temperature	
reductions	of	up	to	4°C	compared	to	areas	with	no	vegetation.	In	this	context,	the	presence	of	a	well-
managed	arboretum	provides	benefits	beyond	aesthetic	functions.	Arboretums	that	feature	biodiversity	
can	serve	as	refuges	for	local	and	rare	species,	enriching	urban	ecosystems	(Burch	et	al.,	2018;	Iwaniec	
and	Cook,	2019).	Additionally,	the	diversity	of	plant	species	can	enhance	air	quality,	mitigate	pollution,	
and	optimize	rainwater	absorption,	ultimately	contributing	to	a	reduction	in	flood	risk.	Moreover,	the	
arboretum	also	has	great	potential	as	a	natural	 laboratory	 in	biology	education,	where	students	can	
learn	firsthand	the	concepts	of	ecology,	plant	adaptation,	interaction	of	living	things,	and	the	importance	
of	conservation	in	a	contextual	and	applicable	manner.	The	utilization	of	the	arboretum	as	a	sustainable	
green	open	space	needs	to	be	encouraged	through	proactive	management	policies,	so	that	it	not	only	
contributes	 to	 climate	 change	 mitigation	 and	 improving	 environmental	 quality,	 but	 also	 to	
strengthening	ecological	literacy	in	biology	education	(Mursyid	et	al.	2025).	

In	this	study,	conservation	has	a	very	important	role	in	biology	education	because	it	provides	a	
holistic	understanding	of	the	relationship	between	living	things	and	their	environment	(Sagoff,	2022).	
Through	the	conservation	approach,	students	not	only	 learn	theoretical	concepts	about	biodiversity,	
ecosystems,	and	life	cycles,	but	are	also	invited	to	realize	the	importance	of	preserving	nature	for	the	
sustainability	 of	 life	 (Cardinale	 et	 al.	 2019).	 Biology	 education	 integrated	with	 conservation	 values	
encourages	the	formation	of	environmental	awareness,	ecological	responsibility,	and	critical	thinking	
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skills	in	dealing	with	environmental	issues,	such	as	climate	change	and	habitat	destruction	(Akinwumi,	
2023).	

This	 research	aims	 to	explore	 the	diversity	of	 flora	 in	 the	Samudra	University	Arboretum	and	
analyze	the	macro	nutrient	content	of	the	soil	to	examine	the	relationship	between	soil	fertility	and	the	
vegetation	growing	on	it.	The	findings	are	expected	to	be	utilized	as	contextual	learning	media	in	biology	
education	on	environment,	ecosystem,	and	biodiversity	materials	 that	will	 foster	understanding	and	
awareness	 of	 the	 importance	 of	 protecting	 the	 environment,	 conservation,	 sustainable	 spatial	
management,	and	introduction	to	the	impacts	of	climate	change.	

	
METHODS	
Study	area	

The	research	was	conducted	at	Samudra	University	Arboretum	with	coordinates	4°26'56.8	 “N	
97°58'35.7”	E	which	has	an	area	of	1000	m2.	This	arboretum	is	a	mini	conservation	area	managed	by	
the	Faculty	of	Agriculture	of	Samudra	University	and	has	various	types	of	native	vegetation	in	it.	The	
research	was	conducted	from	June	to	November	2023	(Figure	1).	

	
	
	
	
	
	
	
	
	
	

	
	
Figure	1.	Map	of	Samudra	University	Arboretum,	Aceh	Province,	Indonesia,	as	a	research	area	
	
Procedures	

Observations	 were	 made	 on	 the	 Arboretum	 land	 in	 the	 Samudra	 University	 area	 using	 the	
inventory	 method	 and	 1x1	 meter	 observation	 plots	 of	 5	 plots	 (Brambach,	 2019).	 The	 selection	 of	
locations	for	soil	sampling	was	carried	out	by	purposive	sampling	by	determining	three	observation	
points	on	each	research	object.	Before	sampling,	the	soil	surface	was	cleaned	of	litter,	grass,	or	other	
cover	plants.	Soil	samples	were	taken	at	the	tillage	layer	with	a	depth	of	0-20	cm,	then	put	in	plastic	and	
taped,	considering	that	most	nutrients	are	at	this	depth.	This	procedure	was	carried	out	three	times	in	
the	 observed	 field.	 Furthermore,	 on	 the	 arboretum	 land,	 soil	 physical	 and	 chemical	 factors	 were	
measured.	 Soil	 samples	 that	 have	 been	 collected	 from	 each	 research	 object	 are	 then	 analyzed	 to	
determine	the	content	of	macro	nutrients,	namely	C,	N,	P,	K,	Mg,	Na,	Ca,	and	soil	pH.	Plants	were	then	
identified	 using	 the	 plant	 identification	 book	 Flora	 of	 the	 mountains	 of	 Java	 and	 internationally	
recognized	 plant	 identification	 websites	 such	 as	 powo.science.kew.org,	 indonesiaplants.org	 and	
gbif.org.	For	plant	status	monitoring,	the	website	www.iucnredlist.org	was	used.	In	collecting	vegetation	
data,	all	plants	in	the	arboretum	area	were	taken	specimens	and	stored	using	newsprint	and	glass	plastic	
and	doused	with	70%	alcohol.	Species	composition	was	calculated	based	on	the	number	of	plant	species	
found	(Khoiri	et	al.	2023).	

The	 results	 of	 this	 activity	 can	 be	 used	 as	 a	 biology	 learning	module	 for	 grade	 X	 high	 school	
students,	 especially	 in	 environmental,	 ecosystem,	 and	 biodiversity	 materials.	 Through	 a	 local	
environment-based	approach	that	is	safer	to	access,	students	can	learn	directly	about	the	importance	of	
plants	in	maintaining	the	balance	of	ecosystems	and	the	environment,	as	well	as	conservation	values.	
By	making	the	arboretum	a	natural	laboratory,	students	not	only	understand	biological	theory,	but	are	
also	 trained	 to	 think	 critically,	make	 scientific	 observations,	 and	 foster	 concern	 for	 the	 surrounding	
environment.	
Data	Analysis	Techniques	

In	 this	 study,	 data	 analysis	 focused	 on	 the	 content	 of	 macronutrients	 in	 soil	 taken	 from	 the	
arboretum	land.	Data	were	obtained	through	soil	sampling	at	three	observation	points	determined	by	
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purposive	sampling	at	each	research	object.	Samples	were	taken	from	the	tillage	layer	with	a	depth	of	
0-20	 cm,	 because	 this	 layer	 is	 considered	 to	 contain	 the	 highest	 nutrients.	 After	 the	 samples	were	
collected,	laboratory	analysis	was	conducted	to	measure	the	content	of	macronutrients	such	as	carbon	
(C),	nitrogen	(N),	phosphorus	(P),	potassium	(K),	magnesium	(Mg),	sodium	(Na),	calcium	(Ca),	as	well	
as	soil	pH	values.	In	addition,	it	is	important	to	consider	broader	ecological	factors	that	affect	soil	health,	
such	as	organic	matter	 content	and	microbial	 activity,	which	can	also	play	an	 important	 role	 in	 soil	
fertility	(Shiwakoti	et	al.	2019).	In	addition,	measurements	of	soil	physico-chemical	factors	were	also	
taken	to	support	the	interpretation	of	the	analytical	results.	The	results	obtained	from	the	laboratory	
were	then	analyzed	descriptively	to	determine	the	level	of	soil	fertility	at	each	observation	point	and	
used	as	a	basis	for	assessing	soil	quality	in	the	Samudra	University	arboretum	area	(Mpia	et	al.,	2023;	
Fendorf,	2017).	
	
RESULTS	AND	DISCUSSION	
Characteristics	of	vegetation	in	the	arboretum	area	

The	 results	 of	 the	 study	 found	16	 species	with	 a	 total	 of	 437	 individuals.	 The	most	 abundant	
species	 was	 Alysicarpus	 vaginalis	 with	 92	 individuals,	 followed	 by	 Ottochloa	 arnottiana	 with	 55	
individuals	and	Spermacoce	sp.	with	45	individuals.	Other	species	that	are	also	quite	abundant	include	
Axonopus	 compressus	 (36	 individuals),	 Digitaria	 sp.	 (33	 individuals),	 Phyllanthus	 urinaria	 (28	
individuals),	 and	Mimosa	 pudica	 (21	 individuals).	 In	 addition,	 there	 were	 also	Urena	 cf.	 lobata	 (19	
individuals),	 Tylophora	 indica	 (18	 individuals),	 Cyperus	 mindorensis	 (15	 individuals),	 Lygodium	
microphyllum	and	Spermacoce	exilis	with	13	individuals	each.	Other	species	recorded	were	Steinsmia	
laxa	(12),	Elephantopus	scaber,	Grona	triflora,	and	Melastoma	malabathricum	with	7	individuals	each,	
and	Clidemia	hirta	(6	individuals).	Species	found	in	small	numbers	include	Cyperus	sp.	and	Lindernia	
antipoda	with	3	individuals	each,	Lindernia	sp.	and	Psidium	guajava	with	2	individuals	each	(Figure	3,	
Table	1).		

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

Figure	2.	Inventory	Species	found	in	Samudra	University	Arboretum	
	

The	finding	of	16	species	with	a	total	of	437	individuals	in	the	arboretum	area	not	only	shows	the	
richness	of	local	biodiversity	but	also	has	important	value	in	the	context	of	education	and	conservation.	
This	 species	 inventory	 can	 be	 used	 as	 a	 contextual	 learning	 resource	 in	 environmental	 education,	
especially	in	understanding	ecological	dynamics,	plant	adaptation	to	environmental	conditions,	and	the	
role	of	plants	in	maintaining	ecosystem	balance	(Doup,	2018).	In	the	world	of	education,	especially	in	
learning	 biology,	 these	 results	 can	 be	 used	 to	 strengthen	 students'	 understanding	 of	 biodiversity,	
interactions	between	living	things	and	their	environment,	and	other	ecological	concepts	(Correia	et	al.	
2020).	This	material	can	also	be	developed	into	project-based	or	inquiry-based	learning	media,	such	as	
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making	herbariums,	observing	plant	morphology,	and	field	studies	in	the	arboretum	environment.	In	
addition,	 the	arboretum	as	a	research	location	has	the	potential	 to	become	a	natural	 laboratory	that	
supports	educational	conservation	programs,	 such	as	making	scientific	plant	name	 labels,	observing	
vegetation	growth,	and	practicing	ecological	 restoration.	Thus,	 the	 results	of	 this	 study	are	not	only	
scientifically	important,	but	also	strategic	in	supporting	conservation-based	education	and	increasing	
students'	awareness	of	the	importance	of	maintaining	biodiversity	(Sugiarto	et	al.	2023).	

Species	diversity	in	arboretum	areas	is	significantly	influenced	by	environmental	conditions	that	
favor	the	growth	of	certain	plant	species.	Various	studies	highlight	how	these	conditions	shape	species	
distribution	and	diversity,	reflecting	the	ecological	dynamics	at	play	in	an	ecosystem.	For	example,	the	
University	of	North	Sumatra	Arboretum	houses	as	many	as	50	plant	species	with	a	moderate	diversity	
index,	indicating	the	existence	of	selective	environmental	conditions	that	support	the	growth	of	certain	
plants,	especially	medicinal	plants	(Rahmawaty	et	al.,	2019).	Research	by	Wulandari	et	al.	(2020)	in	the	
Riau	University	Arboretum	showed	that	this	arboretum	has	a	complete	vegetation	composition	in	all	
strata,	from	seedlings	to	mature	trees,	with	the	number	of	seedling	individuals	reaching	349.	The	species	
diversity	 index	 in	 all	 strata	was	high,	which	has	 an	 important	 role	 in	 supporting	 the	 green	 campus	
program	 through	 its	 ecological	 function	 as	 a	 carbon	 sink	 and	 carbon	 dioxide	 store.	Meanwhile,	 the	
Ruhande	Arboretum	recorded	28	genera	and	844	individual	plants,	with	species	diversity	influenced	by	
forest	regeneration	history	and	environmental	factors	such	as	soil	composition	(Mugunga	et	al.,	2022).	

In	 addition,	 allelopathic	 effects	 of	 tree	 species	 also	 shape	 the	 vegetation	 structure	 in	 the	
arboretum.	Research	shows	that	coniferous	tree	species	tend	to	inhibit	vegetation	growth	to	a	greater	
extent	than	broadleaf	species,	indicating	that	soil	pH	and	nutrient	availability	are	critical	environmental	
factors	(Ito	and	Ito,	2022).	The	diversity	found	in	arboreta	emphasizes	the	importance	of	conservation	
efforts,	as	some	species	are	endangered.	Effective	arboretum	management	can	increase	species	richness	
as	well	as	the	ecological	resilience	of	the	area	(Haastrup	et	al.,	2022).	

The	 decrease	 in	 the	 number	 of	 species	 found	 can	 be	 influenced	 by	 many	 factors,	 namely	
environmental	conditions	that	are	less	favorable	for	vegetation	growth,	such	as	the	availability	of	light,	
soil	moisture,	soil	microbes,	and	low	nutrient	content	(Bogati	et	al.	2022;	Abdul	Rahman	et	al.	2021;	
Siebielec	et	al.	2020;	Lamaoui	et	al.	2018),	ultimately	damaging	vital	ecosystem	services	(Kashyap	et	al.,	
2018;	 Singh	 et	 al.,	 2023).	 Other	 studies	 have	 shown	 that	 environmental	 factors	 such	 as	 nutrient	
availability,	light	and	soil	moisture	play	an	important	role	in	shaping	plant	community	dynamics	and	
influencing	species	richness	levels	(Harefa	et	al.,	2025;	Noor	et	al.,	2021).	This	phenomenon	was	noted	
in	a	study	 in	alpine	meadows	and	the	Burgundy	region	of	France,	which	showed	a	13%	decrease	 in	
species	richness	as	the	nutritional	preferences	of	the	plant	community	changed	over	time	(Burón	et	al.,	
2024).	 Soil	moisture	 also	 influences	 plant	 diversity,	 as	 its	 interaction	with	 nutrient	 availability	 can	
create	conditions	that	favor	only	certain	species,	leading	to	a	decrease	in	biodiversity	across	different	
habitat	types	(Höckendorff	et	al.,	2021).	In	addition,	anthropogenic	activities	such	as	vegetation	pruning,	
land	clearing,	and	arboretum	arrangement	also	have	the	potential	to	disrupt	the	natural	habitat	of	plants	
(Dar	et	al.	2022).	

The	diversity	of	species	found	in	the	arboretum	reflects	the	selective	influence	of	environmental	
conditions	on	certain	plant	species.	This	indicates	that	both	areas	with	open	and	closed	canopy	cover	
have	a	tendency	to	favor	the	dominance	of	certain	species.	In	particular,	areas	with	open	canopy	cover	
are	more	likely	to	allow	the	growth	of	shade	intolerant	species,	which	show	adaptation	to	high	light	
intensity	and	typical	microclimate	conditions	(Sutedjo	&	Warsudi,	2017;	Rohmadi	et	al.,	2018).	
	
Vegetation	cover	in	the	Arboretum	area	

The	species	with	 the	highest	 cover	were	Alysicarpus	vaginalis	 and	Digitaria	 sp.,	 each	at	220%,	
indicating	 significant	 dominance	 in	 the	 observed	 plant	 community.	 Next,	 Ottochloa	 arnottiana	 had	
202%	cover,	followed	by	Axonopus	compressus	and	Phyllanthus	urinaria	which	had	155%	cover	each.	
Lygodium	microphyllum	 showed	a	 cover	of	95%,	while	Spermacoce	 exilis	 had	a	 cover	of	85%.	Other	
species	such	as	Clidemia	hirta	and	Spermacoce	sp.	covered	an	area	of	75%	each,	followed	by	Tylophora	
indica	and	Urena	cf.	lobata	with	65%	cover.	Steinsmia	laxa,	Cyperus	mindorensis,	and	Cyperus	sp.	showed	
cover	between	45%	to	49%	each.	Species	with	lower	cover	include	Grona	triflora	and	Mimosa	pudica	
(42%),	 Elephantopus	 scaber	 (40%),	 and	 Melastoma	 malabathricum	 (35%).	 Meanwhile,	 Lindernia	
antipoda	and	Lindernia	sp.	had	only	5%	cover	each,	and	Psidium	guajava	was	the	species	with	the	lowest	
cover	of	2%	(Figure	3,	Table	1).		
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Figure	3.	Percentage	Cover	of	Ocean	University	Arboretum	Flora	
	
Findings	 on	 vegetation	 cover	 reflect	 the	 dominance	 distribution	 and	 ecological	 adaptation	 of	

species	 in	 the	 arboretum	 environment.	 This	 vegetation	 cover	 serves	 as	 an	 important	 indicator	 in	
assessing	ecosystem	health	and	the	effectiveness	of	conservation	functions	in	planned	green	areas.	In	
the	context	of	education,	particularly	biology	education,	these	cover	data	can	be	utilized	as	real	learning	
materials	 to	 introduce	 ecological	 concepts	 such	 as	 community	 structure,	 species	 dominance,	 plant	
adaptation	 to	microclimate,	and	 interspecies	relationships	(Puspitasari	et	al.,	2023).	The	arboretum,	
with	 its	 varied	 vegetation	 cover,	 can	 serve	 as	 a	 natural	 laboratory	 that	 supports	 observation-based	
learning	 activities,	 data	 collection,	 and	 in-depth	 ecological	 analysis.	 In	 addition,	 this	 information	 is	
highly	 relevant	 in	 conservation	 education,	 as	 it	 helps	 students	 understand	 the	 importance	 of	
maintaining	 vegetation	 diversity	 to	 sustain	 ecosystem	 services	 such	 as	 carbon	 sequestration,	
microclimate	regulation,	habitat	provision,	and	biodiversity	protection	(Pietrzak-Zawadka	&	Zawadka,	
2018)	

Arboretum	 vegetation	 cover	 serves	 as	 a	 vital	 indicator	 of	 ecological	 characteristics	 and	
conservation	functions	in	planned	green	areas,	reflecting	the	health	and	diversity	of	plant	species	that	
are	important	for	maintaining	ecological	balance,	providing	ecosystem	services	such	as	air	and	water	
purification,	 carbon	 sequestration,	 providing	habitat	 for	neighbourhood	animals,	 and	 improving	 the	
quality	of	 life	 in	urban	areas	 through	 recreational	 space	and	aesthetic	value	 (Wysocki,	 2019),	while	
moderating	 the	 local	 climate	 by	 influencing	 temperature	 and	 humidity	 that	 are	 crucial	 in	 urban	
environments	(Cheng	et	al.,	2019).	In	terms	of	supporting	services,	arboretums	can	improve	soil	fertility	
and	soil	organic	carbon	storage	(Chen	et	al.	2018;	Lange	et	al.	2015;	Eisenhauer	et	al.	2018).	

Vegetation	 in	 arboretums	 generally	 consists	 of	 various	 species	 of	 trees,	 shrubs,	 shrubs,	 and	
understory	 plants	 that	 are	 collected	 for	 educational,	 research,	 preservation,	 herbal	 medicine,	 and	
aesthetic	 values	 (Muhlisin	 et	 al.	 2021;	 Palliwoda	 et	 al.	 2017;	 Lacy	 and	 Shackleton,	 2017).	 	 The	
composition	of	vegetation	cover	in	the	arboretum	is	strongly	influenced	by	microclimatic	conditions,	
soil	 type,	 topography,	and	biological	 interactions	between	species	 (Solfiyeni	et	al.	2022).	Dense	 tree	
canopy	cover	will	create	more	humid	and	shady	environmental	conditions,	so	that	only	shade-tolerant	
species	are	able	to	thrive.	Species	that	have	a	high	tolerance	to	shade	generally	direct	more	biomass	to	
the	leaves	and	branches,	in	an	effort	to	maximize	light	absorption	and	support	optimal	growth	in	low	
light	conditions	(Ntawuhiganayo	et	al.,	2020).	Dense	vegetation	plays	an	important	role	in	increasing	
soil	moisture	retention,	thus	creating	more	stable	and	favorable	microclimate	conditions	for	understory	
species.	 This	 more	 humid	 environment	 significantly	 reduces	 drought	 stress,	 allowing	 herbaceous	
species	to	maintain	better	water	status	and	improve	photosynthetic	performance	compared	to	plants	
growing	in	open	areas	(Urban	and	Lessambo,	2022;	Siddiq	et	al.	2019).	

In	contrast,	areas	with	open	cover	tend	to	be	inhabited	by	light-intolerant	species	that	are	more	
common	in	newly	cleared	land	(Mariton	et	al.,	2022;	Nomura	et	al.,	2019;	Seymoure	et	al.,	2023).	The	
diversity	 of	 canopy	 structures	 also	 creates	 complex	 vertical	 layers	 of	 vegetation,	 supporting	 high	
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biodiversity,	especially	for	supporting	fauna	such	as	birds,	insects	and	small	mammals.	These	vegetation	
cover	 patterns	 reflect	 not	 only	 natural	 ecological	 conditions,	 but	 also	 the	 influence	 of	 human	
management	and	planning	(Solfiyeni	et	al,	2024).	

	
Soil	Fertility	Level	in	the	Arboretum	area	

The	findings	of	plant	species	inventories	at	research	sites,	such	as	arboretums,	not	only	provide	
an	overview	of	 the	 richness	of	biodiversity,	but	also	open	up	great	opportunities	 for	environmental	
education	 and	 conservation.	 The	 diversity	 of	 plant	 species	 found	 reflects	 the	 complex	 ecological	
interactions	between	soil	and	vegetation,	as	explained	by	Gavrilescu	(2021)	that	soil	is	the	main	nutrient	
and	water	provider	for	plants,	while	plants	 influence	soil	quality	through	root	structure	and	organic	
matter	inputs	(Blume	et	al.,	2016).	

In	 the	 context	 of	 education,	 the	 results	 of	 this	 inventory	 can	be	used	 as	 a	 contextual	 learning	
resource	at	various	levels,	especially	in	the	fields	of	biology,	ecology	and	geography.	Students	can	learn	
firsthand	how	certain	plant	 species	adapt	 to	 local	 soil	 characteristics,	 and	how	plants	play	a	 role	 in	
improving	 soil	 structure	 and	 fertility.	 Using	 the	 arboretum	 as	 a	 natural	 laboratory	 will	 strengthen	
students'	 observation,	 classification	 and	 analysis	 skills,	 in	 line	 with	 the	 principles	 of	 inquiry-based	
learning	and	environment-based	learning.	In	terms	of	conservation,	the	presence	of	various	inventoried	
species	can	be	used	as	a	basis	for	developing	local	conservation	strategies,	such	as	planting	endemic	or	
rare	species	in	similar	locations,	or	developing	conservation-based	educational	areas.	By	understanding	
the	 mutual	 interactions	 between	 plants	 and	 soils	 (Creamer	 et	 al.,	 2022;	 Lehmann	 et	 al.,	 2020),	
communities	 and	 learners	 can	 be	 involved	 in	 science-based	 ecosystem	 restoration,	 sustainable	 soil	
management	and	biodiversity	conservation	programs.Furthermore,	 the	use	of	 soil	quality	 indicators	
such	as	those	described	by	Bünemann	et	al.	(2018)	and	Norris	et	al.	(2020)	opens	up	opportunities	for	
STEM	 (Science,	 Technology,	 Engineering,	 and	 Mathematics)	 based	 curriculum	 development,	 where	
students	not	only	learn	plant	species,	but	also	take	physical,	chemical,	and	biological	measurements	of	
soil,	and	quantitatively	analyze	the	data	to	assess	the	viability	and	fertility	of	an	ecosystem	(Table	2).		
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Table	1		
Species	found	in	Samudra	University	Arboretum,	Aceh	Province,	Indonesia.	

Location	 Plot	Number	 Species	Name	 Number	of	species	 Collection	
number		 Cover	(%)	 Plot	Name	 Number		

Arboretum	 1	 Mimosa	pudica	 6	 WRA	047	 40	 A1	 1	

	 1	 Phyllanthus	urinaria	 4	 WRA	048	 5	 A1	 2	

	 1	 Grona	triflora	 9	 WRA	049	 70	 A1	 3	

	 1	 Lindernia	sp.	 3	 WRA	050	 5	 A1	 4	

	 1	 Steinsmia	laxa	 13	 WRA	051	 60	 A1	 5	

	 1	 Ottochloa	arnottiana	 9	 WRA	052	 80	 A1	 6	

	 1	 Digitaria	sp.	 17	 WRA	053	 90	 A1	 7	

	 1	 Spermacoce	sp.	 1	 WRA	054	 2	 A1	 8	

	 1	 Lindernia	antipoda	 3	 -	 5	 A1	 9	

	 1	 Spermacoce	exilis	 2	 -	 5	 A1	 10	

	 1	 Axonopus	compressus	 55	 WRA	057	 95	 A1	 11	

	 2	 Mimosa	pudica	 10	 -	 60	 A2	 1	

	 2	 Tylophora	indica	 2	 WRA	055	 5	 A2	 2	

	 2	 Grona	triflora	 14	 -	 80	 A2	 3	

	 2	 Ottochloa	arnottiana	 20	 -	 90	 A2	 4	

	 2	 Steinsmia	laxa	 6	 -	 75	 A2	 5	

	 2	 Digitaria	sp.	 13	 -	 85	 A2	 6	

	 2	 Axonopus	compressus	 45	 -	 75	 A2	 7	

	 3	 Mimosa	pudica	 6	 -	 40	 A3	 1	

	 3	 Steinsmia	laxa	 3	 -	 45	 A3	 2	

	 3	 Axonopus	compresus	 18	 -	 65	 A3	 3	

	 3	 Digitaria	sp.	 15	 -	 45	 A3	 4	

	 3	 Alysicarpus	vaginalis	 7	 WRA	061	 35	 A3	 5	

	 3	 Ottochloa	arnottiana	 17	 -	 35	 A3	 6	

	 4	 Melastoma	malabathricum	 7	 WRA	062	 40	 A4	 1	

	 4	 Ottochloa	arnottiana	 13	 -	 95	 A4	 2	

	 4	 Alysicarpus	vaginalis	 21	 -	 25	 A4	 3	
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	 4	 Clidemia	hirta	 1	 WRA	063	 20	 A4	 4	

	 4	 Phyllanthus	urinaria	 4	 -	 2	 A4	 5	

	 4	 Axonopus	compressus	 5	 -	 8	 A4	 6	

	 4	 Urena	cf.	lobata	 2	 WRA	064	 2	 A4	 7	

	 5	 Psidium	guajava	 1	 -	 1	 A5	 1	

	 5	 Lygodium	microphyllum	 3	 -	 4	 A5	 2	

	 5	 Cyperus	sp.	 1	 -	 1	 A5	 3	

	 5	 Ottochloa	arnottiana	 17	 -	 97	 A5	 4	

	 5	 Alysicarpus	vaginalis	 19	 -	 65	 A5	 5	

	 5	 Axonopus	compressus	 8	 -	 35	 A5	 6	

	 5	 Elephantopus	scaber	 7	 -	 7	 A5	 7	

	 5	 Cyperus	mindorensis	 3	 -	 5	 A5	 8	
Basic	Laboratory	 1	 Mimosa	pudica	 11	 -	 35	 L1	 1	

	 1	 Steinsmia	laxa	 4	 -	 30	 L1	 2	

	 1	 Ottochloa	arnottiana	 8	 -	 65	 L1	 3	

	 1	 Grona	triflora	 32	 -	 85	 L1	 4	

	 1	 Crotalaria	pallida	 1	 -	 1	 L1	 5	

	 1	 Melastoma	malabathricum	 2	 -	 3	 L1	 6	

	 1	 Axonopus	compressus	 7	 -	 35	 L1	 7	

	 1	 Calopogonium	mucunoides	 2	 WRA	068	 3	 L1	 8	

	 1	 Paspalum	conjugatum	 1	 WRA	069	 7	 L1	 9	

	 2	 Mimosa	pudica	 23	 -	 60	 L2	 1	

	 2	 Melastoma	malabathricum	 12	 -	 45	 L2	 2	

	 2	 Ottochloa	arnottiana	 23	 -	 70	 L2	 3	

	 2	 Axonopus	compressus	 10	 -	 35	 L2	 4	

	 2	 Chromolaena	odorata	 1	 -	 2	 L2	 5	

	 2	 Steinsmia	laxa	 17	 -	 50	 L2	 6	

	 3	 Melastoma	malabathricum	 7	 -	 25	 L3	 1	

	 3	 Centrosema	pubescens	 9	 WRA	071	 25	 L3	 2	

	 3	 Axonopus	compressus	 10	 -	 45	 L3	 3	

	 3	 Chrysopogon	aciculatus	 7	 WRA	064	 20	 L3	 4	
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	 3	 Grona	triflora	 36	 -	 85	 L3	 5	

	 3	 Digitaria	sp.	 13	 WRA	072	 15	 L3	 6	

	 3	 Fimbristylis	sp.	 1	 WRA	073	 1	 L3	 7	

	 3	 Mimosa	pudica	 13	 -	 25	 L3	 8	

	 4	 Axonopus	compressus	 74	 -	 95	 L4	 1	

	 4	 Steinsmia	laxa	 11	 -	 35	 L4	 2	

	 4	 Mimosa	pudica	 4	 -	 15	 L4	 3	

	 4	 Ottochloa	arnottiana	 16	 -	 40	 L4	 4	

	 4	 Grona	triflora	 13	 -	 30	 L4	 5	

	 4	 Elephantopus	scaber	 1	 -	 1.5	 L4	 6	

	 5	 Mimosa	pudica	 21	 -	 30	 L5	 1	

	 5	 Ottochloa	arnottiana	 1	 -	 1	 L5	 2	

	 5	 Fimbristylis	sp.	 1	 WRA	073	 1	 L5	 3	

	 5	 Axonopus	compressus	 24	 -	 95	 L5	 4	

	 5	 Grona	triflora	 28	 -	 70	 L5	 5	
		 5	 Uraria	lagopodioides	 3	 -	 15	 L5	 6	
Notes:	Ecological	data	in	Samudra	University	Arboretum	area	
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Table	2		
Chemical	Physics	Analysis	of	Samudra	University	Arboretum	soil,	Aceh	Province,	Indonesia.	
Type	of	Analysis	 Value	 Quality	Standard	Value	(MOA,	2009)	
C-Organic	(%)	 1,29	 Low	
N-Total	(%)	 0,11	 Low	
P-Bray	I	(ppm	P)	 6,85	 Very	Low	
K-dd	(me/100g)	 0,15	 Very	Low	
pH	 5,19	 Acid	
Na	(me/100mg)	 0,30	 Normal	
Ca	(me/100mg)	 2,36	 Normal	
Mg	(me/100mg)	 0,57	 High	
	
Note:	Chemical	Physics	Analysis	Data	(2023)	

	
The	 results	 of	 the	 analysis	 of	 soil	 chemical	 properties	 showed	 that	 the	 content	 of	 C-Organic	

(1.29%)	and	N-Total	(0.11%)	was	in	the	low	category,	while	phosphorus	levels	(P-Bray	I)	of	6.85	ppm	
and	exchangeable	potassium	(K-dd)	of	0.15	me/100g	were	classified	as	very	low	based	on	MOA	2009.	
The	soil	pH	value	of	5.19	indicates	acidic	conditions.	Meanwhile,	sodium	(Na)	and	calcium	(Ca)	contents	
of	0.30	and	2.36	me/100mg	respectively,	were	in	the	normal	category,	and	magnesium	(Mg)	content	of	
0.57	me/100mg	was	categorized	as	high.	These	results	reflect	poor	soil	conditions	and	require	nutrient	
improvement	and	liming	to	increase	productivity	(Powlson,	2020).	

From	the	data	above,	it	can	be	seen	that	the	topsoil	is	a	layer	that	is	vulnerable	to	change.	Topsoil	
is	highly	susceptible	to	changes	caused	by	a	variety	of	external	factors,	including	weather	conditions,	
agricultural	practices,	and	climate	change	due	to	human	activity.	This	layer,	often	referred	to	as	topsoil,	
plays	an	important	role	in	plant	growth	and	overall	soil	health.	Its	vulnerability	to	change	is	influenced	
by	several	key	aspects.	Weather	factors	such	as	rainfall	and	temperature	fluctuations	significantly	affect	
soil	structure,	especially	during	spring	thaws	and	heavy	rains	(Bryk	et	al.,	2017).	Increased	rainfall	can	
reduce	soil	moisture	content	and	air	permeability,	which	in	turn	negatively	affects	crop	conditions	(Bryk	
et	al.,	2017).	In	addition,	agricultural	practices	such	as	the	use	of	heavy	machinery	in	tillage	can	cause	
mechanical	deformations	that	increase	soil	density	and	reduce	pore	size,	which	is	important	for	water	
retention	(Kokieva	et	al.,	2021).	Compaction	due	to	agricultural	machinery	also	impacts	soil	structure,	
affecting	aeration	and	the	ability	of	soil	to	store	water	(Zhang	&	He,	2024).	On	the	other	hand,	human-
induced	climate	change	accelerates	soil	degradation	through	erosion,	organic	matter	loss	and	pollution,	
further	threatening	topsoil	integrity	(Meyer-Drawe,	2022).	

	
Arboretum's	Link	to	Biology	Learning	

In	learning	biology,	the	arboretum	has	great	potential	as	a	real	and	applicable	educational	tool.	
Arboretum	 is	 a	 plant	 conservation	 area	 specifically	 designed	 to	 support	 educational,	 research,	
conservation,	 and	 scientific	 recreation	 activities	 (Muhlisin	 et	 al.,	 2021).	 In	 the	 context	 of	 biology	
education,	 arboretums	 can	 be	 used	 as	 outdoor	 natural	 laboratories	 that	 allow	 students	 and	 college	
students	 to	 learn	directly	 about	 biodiversity,	 plant	morphology,	 classification,	 adaptation,	 and	plant	
ecology.	Knowledge	of	arboretums	is	considered	important	in	providing	understanding	to	the	public	to	
participate	in	plant	conservation	(Ram,	2023;	Lepczyk	et	al.,	2017;	Smith	et	al.,	2018).	This	is	in	line	with	
the	 learning	 objectives	 of	 biology	 which	 not	 only	 emphasize	 on	 understanding	 concepts	 but	 also	
strengthening	ecological	awareness	and	conservation	values.	As	a	conservation	area,	the	arboretum	can	
be	a	place	of	direct	observation	for	students	to	get	to	know	endangered	or	endemic	plant	species.	This	
allows	for	biology	learning	based	on	field	data	and	scientific	approaches,	where	students	are	trained	to	
conduct	species	identification,	adaptation	analysis,	and	simple	ecological	studies.	The	arboretum	also	
provides	 plant	 collections	 from	 various	 ecosystems,	 which	 serve	 as	 concrete	 teaching	materials	 to	
enrich	the	understanding	of	concepts	such	as	genetic	diversity,	species,	and	ecosystems	(Almeida	et	al.,	
2024;	Fay	and	Christenhusz,	2016).	

In	biology	 learning,	 this	 can	support	 the	application	of	 inquiry-based	 learning,	project-based	
learning,	 and	problem-based	 learning	methods	by	 raising	 real	 conservation	 issues	as	project	 topics.	
Furthermore,	the	existence	of	an	arboretum	enables	the	strengthening	of	students'	science	literacy	in	
ecology	 and	 environmental	 conservation	 topics	 through	 a	 hands-on	 and	 evidence-based	 approach	
(Smith,	2016;	Kovács	et	al.,	2021).	
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The	 arboretum	 is	 also	 an	 interdisciplinary	 educational	medium	 that	 integrates	 biology	with	
geography,	 sociology,	 and	 environmental	 education,	while	 encouraging	 student	 involvement	 in	 real	
actions	 such	 as	 conservation	 campaigns	 and	 ecosystem	 restoration.	 Through	 its	 strategic	 role	 in	
providing	seed	sources,	genetic	preservation,	and	conservation	education,	the	arboretum	also	supports	
the	implementation	of	a	biology	curriculum	that	is	adaptive	to	global	environmental	issues	(Wambugu	
et	al.,	2023;	Rahmawaty	et	al.,	2020;	Oldfield	et	al.,	2019).	Arboretums	are	not	only	a	place	to	learn	about	
plants,	but	also	a	means	of	building	students'	environmental	awareness	and	ecological	responsibility.	
Thus,	arboretum	development	needs	to	be	seen	not	only	as	a	conservation	effort,	but	also	as	an	integral	
part	of	contextual,	meaningful,	and	future-oriented	biology	learning	(Gargiulo	et	al.,	2023;	Hiemstra	et	
al.,	2017).	

	
Survey	Results	Recommendations	on	Conservation	Education	in	Biology	
	 From	the	results	of	this	study,	it	is	recommended	that	schools,	especially	at	the	middle	and	high	
school	 levels,	 integrate	 visits	 and	 learning	 activities	 in	 the	 arboretum	 into	 the	 biology	 curriculum,	
because	 the	 arboretum	 can	 function	 as	 an	 outdoor	 natural	 laboratory	 that	 supports	 direct	
understanding	 of	 biodiversity,	 ecology,	 morphology,	 and	 plant	 conservation.	 To	 support	 this	
integration,	educational	institutions	and	biology	teachers	need	to	develop	contextual	learning	modules	
based	on	observation	and	exploration	in	the	arboretum	with	an	inquiry-based	learning	or	project-based	
learning	 approach,	 addressing	 themes	 such	 as	 rare	 species	 conservation,	 plant	 adaptation,	 and	
ecosystem	restoration.	Teachers	also	need	to	receive	training	on	utilizing	the	arboretum	as	a	learning	
resource,	 including	 species	 identification	 skills,	 preparation	 of	 student	 conservation	 projects,	 and	
integration	 of	 environmental	 literacy	 in	 learning.	 Collaboration	 between	 schools	 and	 arboretum	
managers	is	essential	to	optimally	facilitate	student	learning,	field	trips	and	research	activities,	which	
can	also	include	internships	or	student	volunteering	programs	in	real	conservation	activities.	Schools	
need	to	encourage	students	to	conduct	conservation	campaigns,	popular	science	writing,	and	ecological	
projects	based	on	data	from	visits	to	the	arboretum,	so	as	to	strengthen	science	literacy	and	shape	the	
character	 of	 environmental	 care.	 Local	 governments	 and	 education	 offices	 are	 expected	 to	 provide	
support	in	the	form	of	facilities,	funding,	educational	visit	policies,	and	recognition	of	arboretum-based	
learning	as	part	of	the	formal	education	process.	In	addition,	project-based	assessment	in	ecology	and	
conservation	topics	also	needs	to	be	improved,	with	the	arboretum	as	a	location	for	data	collection	and	
project	implementation	integrated	with	biology	curricular	assessment.	
	
CONCLUSION	

Arboretums	 play	 an	 important	 role	 in	 biology	 lessons	 for	 students	 as	 a	 hands-on	 learning	
medium	that	allows	them	to	understand	the	concept	of	ecosystem	restoration	through	the	provision	of	
quality	seed	sources	that	are	suitable	for	local	ecological	conditions.	By	observing	plant	collections	in	
the	 arboretum,	 students	 can	 learn	 cultivation	 techniques,	 vegetative	 propagation,	 and	 species	
adaptation	to	various	environmental	conditions	in	a	real	and	contextualized	manner.	In	addition,	the	
arboretum	provides	a	platform	 for	 students	 to	participate	 in	 conservation-oriented	educational	 and	
recreational	 activities,	 thus	 fostering	 ecological	 awareness	 and	 a	 caring	 attitude	 towards	 the	
environment	from	an	early	age.	Through	this	experience,	students	not	only	master	biological	theory,	but	
also	 develop	 practical	 skills	 and	 social	 responsibility	 in	 biodiversity	 conservation.	 Therefore,	 the	
development	 and	 preservation	 of	 arboretums	 should	 be	 an	 important	 part	 of	 biology	 education	
programs	in	schools	as	an	effort	to	support	the	formation	of	students'	conservation	knowledge,	skills	
and	attitudes	for	a	sustainable	future.	
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