APPLICATION OF DIFFERENT LEVELS OF COMPOST AND

BIOCHAR ON GROWTH PERFORMANCE OF Glycine max (L.)
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ABSTRACT

Biochar is a black carbon product derived by the pyrolysis of organic materials.
Compost is the product of degraded organic matter by composting process. Both are
cost effective and environment friendly soil amendments which is used in the crop
production to improve plant available nutrient content. In this context, experiment was
conducted to identify the effect of different levels of compost and biochar on the growth

performance of Glycine max. (L).

The pot experiment was conducted in a Crop Farm, Eastern University, Sri Lanka. The
experimental design was Complete Randomized Design (CRD) with six treatments and
six replicates. In this experiment different levels of compost with biochar and inorganic
fertilizer was used. The treatments were T1- 100% compost, T2-75% compost with
25% biochar, T3- 50% c0mp051; with 50% biochar, T4- 25% compost with 75% biochar,

T5- 100% biochar and T6- inorganic fertilizer (control).

The grm}fth parameters were statistically analyzed and the outputs Sllo\xied significantly
(p<0.05) increase among the treatments on .plant height (3.25%), number of leaves
(13.04%), leaf area (17.25%), chlorophyll content (15.2%), number of flowers
(12.67%), nodule-numbers (27.74%), effective nogules (39.16%3 and the total biomass
(16.52%). Plant hcight, nf'tmecr of leaves and thc"chlorophy]] content was not
significantly affected at the initial stage. However, all the observed parameters were

statistically significant at 6" week after planting.

The experiment revealed that T4 treatment (25% compost with75% biochar) showed
significant increase in number of leaves, leaf area, chlorophyll content and number of
flowers when compared to other treatments. However, total biomass in T4 and T6

treatments were not significantly different. Therefore, 25% compost with 75% biochar

i



TABLE OF CONTENTS

ABSTRACT ...ttt sttt st s sme s e s sne s e s se e s e smesnssasssreas i
ACKNOWLEDGEMEBET 000 vt e v s s s oo s s o s soniaie 1
TABLE OF CONTENTS .. ..ooiiiiiiitteititt ettt ettt seesnesbes s e e oo ee e sasens v
LISTOF TABLES . omen s s s ot s s nie des s sy o vosnss X
LIST OF FIGURES ...ttt s ns s Xi
ABBREVIATIONS «covonmamieans s tisa i ssvamms strnsemvimtas Xiii
CHADPTER 1 ..o msreormmmrmanmsmssisnimssssssrmne sias ot s e s n s s msanmosas ass s RAA U IARIGS 1
L INTRODTMCTION oo RO 1
1.1 BONDOAIL ..00rereesnsonsnnnsnssanassnsmnsssssssssssonss basapass sssne Eassas hEsss s oEstsns nuns sras e smnmens o s adngs s ]
l.1.1 BT TS O SOBE s cuuinssauiosis i astes s s s s BT A A VR 1
1.1.2 Soybean cultivation in Sri Lanka..........cccoevieeiecieeiieciiecieceiee e 2

1.2  Soil AnEndmeats i crop DrodEION. «.onawmemss s ———— 2

' 5

1.2.1  Benefits of soil amendments......... .......................................................... 2
1.2.2 Classification of soil amendments ........ e A

+ 1.3 Objective of the study o s R ............................ 5

1 . : .

CHAPTER 02 ...ooooooooooo.... ... R VLI R— 6
2.0. LITERATURE REVIEW ...ttt en s et st 6
Bl OB oo v B R T SR o S A R SRS 6
2.1.1 Common names for Glycine max (L.)....ccccoarveroeniennreee e 6
242, Donesticanoiiianl-HISIOM .. st itams 7

v



713 Botany Of SOYDEAIL. .covuermuuusmssssssssssssssssssssssess s 7

7.1.3.1 Scientific classification of Glycine Max (L) ewwssesussmssssnsssemmmsemsses 3
214  Morphology of Soybean ) L ST ——————ERLL 8
215  Growing conditions for T S 9
716  Growth Stages Of SOYDEAI .ovrrrrruemssssssssemmsssssssmms 9
717  Nutrition value of SOYDEAN .vorcruasnmssssssesssmssssssassss s s s 0 10
21.8  Soybean production ST ey enes s assss T sp s st AR T2 11

7.1.8.1 World scenario of SOYDEAN. ...coeversrrresssmnsrsssrn sty 11

2.1.8.2 Sri Lankan scenario of Soybean ............................................... 12
219  Recommended varictics 101 G LaniKa. . ciisesisosssmmsmsmmnrensppnsstshsgssisssssinrns 13
2.1.10 Soybean cultivation extend and production in Srti LanKa ..veeeeeeernesseens 14

D9 BHOCKAL sovsessoorssesssssesssisssssbisssssinsensssassssarmapprss s sssesssess e 15
39921  History of biochar ... A— . Ll 15
220 Production of BIOCRAL ....liccirervessrsrssnrssssssss s 16

2.2.2.1 Pyrolysis process..........co.eoe- B o Ry s s s 16
223 Ovcr\»'ieqlv of biochar....... e S— 18

7.2.3.1 Chemical composition N s o s U 18

5 2.3.2 Porous structure of BIOChAr ......ooorormreesmmrmemssnmmmemsr it 18

92.3.3 Components 0f BIOChAT .....cooevwrrvesmmssmrrssmrrsre s s 19

2.2.3.4 Properties 0f BIOCHAT ......cvoiersurmmnrsnssnnseessnsse s s 19

52.3.5 Size of biochar PArtiCIEs . ....orvrvrrrasrmerssssmmsrrres s 20



225 - Application methods .ouuunuminsismemmasnsiineimmess s 21

220  Frequency ol apphEaliont. o mssoomemrsmamestlommmsessmsmmsssmm sy 22
227 Effsctof biothar oh Soil PIOPHEIEE s namsnmniamsmimmss i 22
2.2.8  Effect of biochar on plant growth ..o 23
2.2.9  Application of biochar for the soybean cultivation.............ccoocooiiinnn 23
Bed LTINS o nsicon s st S A R A S S S R PSS T 24
2.3.1 History and defimition ...usnmismasaimmmasisas s nimesiss 24
232, COIPOSEIIT DIDCBES ..ovrmncsmnsmmuss amsessemsesssssnmssm s v AT A0S 0 25
2.3.2.1 Factors affecting effective composting process ..........c.cvevvnnnan 26
2.3.2 2 Stapes in COMPOSHNEG PIOCESS . .....csusssssaesaiissiotabpssmivvie s 27
2.3.3  Sources of cCOmMpOSt Preparation.........ueeveeiceeceniesiinesinreesimeeeseessseasase s 27
e B o B 1 T e 27
2.3.3.2 Green manure and crop residues ......o.vvvveveeiiiiiiii i 28
2.3.r4 Potential uses of compost.........; ........................................ t .................... 29
2.3.5  Effect of compost in soil pr(;pemes ....................................................... 30
2.3.5.1 Soil physical properties ............ r ................ B e 30

'
2.3.5.2 Chemical ;roperties ......... ] e 30
2.3.6. Plant available nufrients in CoOMPOSt ...ciniinusimmimraaisimiaimii s, 31
k2 5] 2 1 2 2 S G D DY SO 32
3.0 Maitrials and Methodb o cmm i i smiil (s i o e s wa e s 32
Tl RO amrmmsominssosossiss b om s s AR S RS B KOS SRR AT R A 2 32
32  Experithentil SO0 o i ot i e s s e 32



3.2.1 COMIPOSE .. veeeeeetsrcemeeea e s sbe s ea s 32

I - T YT PR PRSPPI 32
3.2.3  Inorganic FertiliZer. ..o 33
3.3  Characterization of biochar and cOmpOSt.........ccooeriiiininiii e 33
34 POt PrEPArAION .cecuiueeisreimecsisimsesresss s s sbs s nn et s 34
3.5  Experimental design ... 35
3.6 Description of treatment. ..o 35
377 Seed COllBCHON o imsmmiiimmasnssirmvssinmm sasassassnsssmsanrsssspasrassesemnrossrat s ion 36
3.8 GOIIMUNALION TESE -vvreereeeecrevsiessenesessessssesessssesssesenssensiarssesssstisssssiasnnssssntssasess 36
3.9  AZrONOMIC PTACICES ...ouivereeiereiineririeiraniessi st sm st e 36
3.0.1  Planting and thinning OUL.........ccocuererrninressein e 36
BO2 THHEADN. i st sosa i oauiis ot s s e iees s AT 37
393 WERAINE ...vevirereeeetesereee et e 37
3.94  Treatment application...... S S T S I 37
3.9.5  Pestand disease control ................. 3'?
3.10 Agron(.)mic PATAMELELS .....erreevessss s s 37
i ; d
3101 PIAERGIEHL e 37
3.10.2. 211101013 G P 37
3103 LEATAIEA oeecveeueeereeiiitiesseeseeetetressessasesaa e e e s e b s bt e e s b e e st 38
3.10.4 Number of flowers per plant ... 38
3.10.5 Fresh and dry Shoot BIOMASS ....ccviovieieiiiiieiiiiiin e 38

Vil



3.10.6  Fresh and dry root Weight ......ccoceieiimnmnminimm s 38

3.10.7 Number of NOAUIES......coviieeieeiieiieeieiii st 38
3.10.8 Number of effective NOAUIES ...ccvoviieiiiecieiee e 38
3.10.9  Weight of NOQUIES ....ooooriiiiiiiii e 39
3.10.10 Maximum root 1ength .....ccccviiiininnmmreerareser s 39
3.10.11 Chlorophyll CONLENT ........coiiriieeimiieieciie e 39

311 Statistical AnATYSIS .cocviiismmimmmiimmsmarsinsessssimonsnanssssssssansssatiuissist s ssesiusiinis 39
CHAPTER 4 ...covoovvvsreeeasseesssamsasassasasssessssbssasess ismssisotsssssiessnisnmastsivesiessssyasmssassstssssssennss 40
4,0 RESULT AND DISCUSSION ......ccimiiiierinericnnnns R e T 40
4.1 Plant BEIZNT......oveveeieeieieiicitien s 40
42 Number of 1eaves PEr PIANT .....co.cuvciciirimrmeiese e 43
A3 LAl ATEA . ccriirreeaerirerneneneesesesenassssssssbesanss srsssansyesibesaatsisbnssantissssnssnsissvbeasnasirneren 45
4.4 r ChIOTOPhYIL COMLENT . ...eeviviiciiiiiiiiiriet s 46
4.5  NUMDEL OF TIOWETS .vveeiveiivieiieeeimeete e e ses e e st 50
4.6  Total number of nodules and effective nodules afplanl....conmnnaisis 53
47  Total b.iomass g ................................ 56

4 : ’ .

CHAPTER 5 ..o SRR ————— 59
5.1 CONCLUSION ...ttt eetietestirmeeeeseesessasseeseesasessssaabersass st abrsanssbs s et s b st st n s s 59
S BTG OESTIONS s e oiuisss s asdssivess sessnunsssscasemsrsaponssoss seoRe G FE SRS 60
REFFERENCES ... ceeeteeeiieiistserssssesessassansssesassssssss snsensssss st siason s st sassass sassnsssssbsasssnsss 61

viii



