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ABSTRAK

Perubahan iklim global secara signifikan memengaruhi dinamika karbon pada ekosistem
tanaman tahunan, termasuk sistem agroforestri. Penelitian ini bertujuan untuk menganalisis
dinamika karbon pada tiga jenis sistem agroforestri: agrosilvopastura, agrosilvikultura berbasis
tanaman hortikultura, agrosilvikultura berbasis tanaman berkayu, serta mengidentifikasi keragaman
dan jenis vegetasi. Penelitian dilakukan pada bulan Januari hingga Maret 2025 menggunakan survei
lapangan dan metode purposive sampling di Wonosalam, Jawa Timur, Indonesia. Analisis
laboratorium meliputi sifat fisika dan sifat kimia tanah. Hasil penelitian menunjukkan hubungan
yang sangat kuat antara biomassa dan total cadangan karbon (R? = 0,984), serta korelasi yang kuat
antara kerapatan vegetasi dan cadangan karbon (R? = 0,8246). Peningkatan biomassa dan kerapatan
vegetasi memberikan kontribusi signifikan terhadap peningkatan cadangan karbon melalui
akumulasi biomassa hidup dan masukan bahan organik ke dalam tanah. Sistem agrosilvikultura
berbasis tanaman berkayu memberikan kontribusi tertinggi terhadap dinamika karbon. Persebaran
Indeks Nilai Penting (INP) yang merata mencerminkan ekosistem yang stabil dan seimbang, seperti
yang diamati pada plot 3, di mana kopi excelsa (Coffea excelsa) memiliki INP sebesar 37,78%,
durian (Durio zibethinus) sebesar 35,56%, dan pisang (Musa spp) juga sebesar 37,78%.

Kata kunci : Agroforestri, Biomasa, Cadangan Karbon

ABSTRACT

Global climate change significantly affects carbon dynamics in perennial crop ecosystems,
including agroforestry systems. This study aims to analyze carbon dynamics in three types of
agroforestry systems: agrosilvopastoral, agrosilvicultural based on horticultural crops,
agrosilvicultural based on woody plants, and to identify the diversity and types of vegetation. The
study was conducted from January to March 2025 using field surveys and purposive sampling in
Wonosalam, East Java, Indonesia. Laboratory analyses included physical properties dan chemical
properties. The results showed a very strong relationship between biomass and total carbon stock
(R2 =0,7867) as well a strong correlation between vegetation density and carbon stock (R2 =0,7981).
Increases in biomass and vegetation density significantly contributed to the anhanvement of carbon
stock through the accumulation of living biomass and organic matter input into the soil. The
agrosilvicultural system based on woody plants provides the highest contribution to carbon
dynamics compared to other types of agroforestry, due to its vegetation composition dominated by
woody and perennial plants. The even distribution of the Importance Value Index (IVI) reflects a
stable and balanced ecosystem, as observed in plot 3, where excelsa coffee (Coffea excelsa) has an
IVI of 37,78%, Durian (Durio zibethinus) has 35,56%, and banana (Musa spp) also has 37,78%.



Keywords: Agroforestry, Biomass, Carbon Dynamic
ACKNOWLEDGEMENT

Praise to God Almighty for all the blessings and gifts given by Him so that
the author can compile a thesis with the title "Carbon Dynamics in Various
Agroforestry in Tukum Hamlet, Wonosalam Village, Wonosalam District,
Jombang Regency". The preparation of this thesis was prepared as research in order
to compile the thesis of the Agrotechnology study program, Faculty of Agriculture,
National Development University "Veteran" East Java. On this occasion the authors

would like to express their deepest gratitude to the honorable::

1. Mrs. Dr. Ir. Bakti Wisnu Widjajani, MP as the Primary Supervisor.
Mrs. Fitri Wijayanti, SP., MP as the Secondary Supervisor.
Mr. Dr.Ir.Purnomo Edi Sasongko, MP as as examiner 1

Mr Ir.Purwadi, MP as examiner 2

A

Mr. Dr. Ir. Tri Mujoko, MP as the Coordinator of the Agrotechnology Study

Program, Faculty of Agriculture, UPN "Veteran" East Java.

6. Mrs. Prof. Dr. Ir. Wanti Mindari, MP as the Dean of the Faculty of Agriculture
UPN "Veteran" East Java.

7. Father, Mother, Pipi, and Apip who have supported and provided moral and
material enthusiasm in the implementation of the preparation of this thesis
proposal.

8. Friends, especially Putri, Jia, Najla, Nadya who have provided help, support,
and all motivation.

9. Friends of Land Specialization friends who have provided support, support,

and all motivation.

The author realizes that this proposal is still far from perfect, for that it
requires criticism and suggestions from all constructive parties. Finally, the author

hopes that this thesis can be useful for all parties in need.

Surabaya, November 2024

Vi



Weriter

TABLE OF CONTENTS
Nomor Pages
Text

APPROVAL SHEET ..ottt sttt 1
ACKNOWLEDGEMENT ..ottt \4
TABLE OF CONTENTS. ...ttt s vi
LIST OF TABLE......coeeeeeeee ettt s vii
LIST OF FIGURE ..ottt viil
[. INTRODUCTION ..ottt ettt ettt ettt ssee e nee s e eneeseeenseeneas 1
1.1 BaACKGIOUNA ......oeeiiiieiieee ettt e 1
1.2 Problem Statement...........coocuieiuiiiiiiiienieeie et 3
1.3 ReSEArCh ODJECIVES. ..cuviieeiiieeiiieciieeciieeeieeeetee et e e e e e s seeeeereee e 3
1.4 Research Benefits........coouiiiiiiiiiiiiiiiieee e 3
TN 5 1070 ] (1] TSP 3
II. REVIEW AND RELATED LITERATURE.........ccootiiiiieieeeeeeee e 4
2.1 CarbDON. ..t 4
2.1.1 Definition of Carbon..........cccoiiiiiiiiiiiiee 4
2.1.2 Global Carbon CyCle........eeeriieeiiieeiiieeieeeie et 5
2.1.3 Carbon Dynamics in ECOSYStemS. ........cccceevvieerieeeiiieeiieeeiie e 7
2.1.4 Carbon Dinamycs and Implications..........cccccceevviieerieeenieeennreeennee. 8
2.2 Types of AGrofOreStry. .. ..o.uiiiieiiiie ettt are e 9
2.2.1 AGrosilvOpastura...........oeeeiieeeiiieeriieeeiee et erre e e eaaee e 9
2.2.2 Agrosilviculture Based on Horticulture...........c.cocvvvviiiencieenneens 10
2.2.3 Agrosilviculture Based on Woody..........cccccveeviiiiinciiiiniiiiiee e 11
2.3 Relationship Between Land Use and Dynamics..........cccceeevveeeeieeennnennn. 12
2.4 Tukum Hamlet, Wonosalam..............ooooeiviiiiiiiiiiiiiiieeeeeeeeeeeeeeeeeeeeeeeee, 13
2.5 Soil Chemical CharacteristiCs ............cuiiiiieriiiirienieeee et 14
2.5.1 C-OTZANIC....ueiieiiieeiiieeeiieeciee et e eiteesireestaeesreeesaeesnsseessneessneeens 14

252 N-Total. oo e 1

vil



2.5.3 C/NRALO. .. eeeeeeeeeeeeeeeeeeeeeeseeeee e ee s eeee e eees e esee e eses oo 16
2.5.4 PH.oooeeooe e eeeseeeseseeeesseesessesessnneennns 17

2.6 Physical Characteristics 0f S0il ...........c.oviieiiiieiiieeeeeeee e 18
2.6.1 TeXUIC....uiiieiitt ittt sieeesneeens 18
2.6.2 Soil Bulk Density.........c.oiutiiiiiiiiieiieceiee et 18

2.7 Biological Characteristics of SOil..........cccveeviieeiiieiiieeeecce e, 19

271 BIOmMaSS. . ettt e e eeerreaeneeen 19

III. RESEARCH METHODS......c.oooiiieeeee et 22
3.1 Time and PIace .......cc.ooouiiiiiiiiiiiieee e 22
3.2 Tools and Materials...........coouiiiiieiiiiiienieee e 22

32,1 TOOIS ettt 22
3.2.2 MAterialS...cooueiiiieiieieeee e 23

3.3 Research Methodology........c.ueeeviieiiiieiiiieciieeee e 23
3.4 ReSCATCh STAZES...ccciuiiieiiieeiiieeiiee ettt e e e e e e e 24
3.4.1 Literature Review Stages.........ccccecvviieiiieeiiieeieeeie e 24
3.4.2 Preparation.........cueeeveeerieeesieeesreeesteeesieeeenaneesseeessseeessseeessseesssseens 24
3.4.3 Determination of Sampling Points...........ccccoeeveeriiiiniieeniee e, 24
3.4.4 Creation of Measurement plots..........cecveeeviieeriieenieeeriee e 25
3.4.5 Data CollECtioN ......ccceeiiieriiiiiieiieeieee et 26
3.4.6 Analysis Method of The Importance...........cccceevveeerieeecieenieeenee, 27
3.4.7 Carbon Stock Measurements...........cceeeeeueeniennieenieenieenieenieeneeens 28
3.4.8 Soil Analysis in the Laboratory.........ccccoccveerciieeniieeiieeieeeeeee 30

3.5 Data ANALYSIS. . ...vieii it 31
3.6 Framework. . ..o 32
3.7Research FIow. ... 33
IV.RESULTS AND DISCUSSION.....uiitiiiiieie e 34
4.1 Characteristic Land Use...........oouiiiiiiiiiii i 34
4.1.1 AgrosilVOPastUra. ......o.ueeinieeie et 35
4.1.2 Agrosilviculture Based on Horticulture................................ 37
4.1.3 Agrosilviculture Based on Wood.............. ..., 38

4.2 Soil Physical Properties. ........o.uvvuieiiiiiiii i 39
4.3 Soil Chemical Properties. .........oovvviuiiiiie i e 40

viil



4.5 Carbon StOCK. ... 49
4.5.1 Tree Stand C StOCK ......ooueiiiii e 50
4.5.2 Understorey Vegetation C Stock ...........cooovviieiiiiiiiiiiinnnnnnn. 51
4.5.3 Wood Nekromass C stock ..........oooiiiiiiiiiiiiiicin 52
4.5.4 Litter Nekromass C stock ...........ooiiiiiiiiiiiiii 52
TR B3 11155 o I ¥ o P 53
A.5.6 SO0l .. 56
4.5.7 Total Carbon Stock.........coouiiniiiii 58

4.6 Relationship between Biomass and Density to Organic Carbon ........... 59

4.7 Relationship between Biomass and Density to C Stock........................ 61

V. CONCLUSION. ... e 64
BIBLIOGRAPHY ...t 65
APPENDICES. ... .o e 71

ix



LIST OF TABLE

Nomor Table Title Page
3.1 Schedule of Research ACtIVItIES. ......cccueeiiiiiiiiiiiiiiiesieeeeee e 22
3.2 SaMPIE COAC.....uiiiiiiieiiieeieeeee ettt et e eaaeeen 25
3.3 Formulas of AIIOMETIICS. ......cciuieiiiiiiiiiiieiieeieeee et 28
3.4 Analysis Parameters.........coccueieeiuiieiiie ettt et 30
4.1 Physical properties 0f SO1IS........cccvieeiuiieriiiieiiieeciee e 39
4.2 Chemical properties 0f SO1l......c.eievuiiiiiiiieiiie e 40
4.3 Agrosilvopastura IVI........ccooiiioiiiiiiee et 43
4.5 Horticultural Crop-Based Agrosilviculture IVI..........cccoeeiiiviiiiniieiiiecee 45
4.6 Woody Plant-Based Agrosilviculture IVI.........ccccoooiiieiiiiniiee e, 47
4.7 Results of Biomass, Necromass, and Litter Trap AnalysiS........cccccveevuveeennnenn. 50
4.8 Total Soil Carbon StOCK..........eiiiiiiiiiiiiiee e 50
4.9 Total Carbon StOCK. .........iuiiiiii e 50



xi



