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Abstract

This study aimed to evaluate the effects of organic fertilizer on soil nutrient dynamics, flowering
characteristics, and cocoa pod quality. A randomized complete block design was employed, with
treatments consisting of organic fertilizer applications at rates of 0, 0.5, 1.5, 2.5, and 3.5 kg/tree. Each
treatment was replicated five times, with three trees per replicate. The fertilizer was applied by
broadcasting around the canopy at two-month intervals, commencing at the pre-flowering stage and
continuing until harvest. The experiment was conducted in an organically managed cocoa plantation
of the Organic Agricultural Community Enterprise in Bua Yai Subdistrict, Na Noi District, Nan Province,
Thailand, from October 1, 2023 to September 30, 2024. The results indicated that all organic fertilizer
application rates significantly improved several soil parameters, including pH, electrical conductivity,
organic matter content, total nitrogen, available phosphorus, potassium, the carbon-to-nitrogen ratio,
the degree of organic matter decomposition, and magnesium content. Moreover, statistically
significant differences (p < 0.01) were observed among treatments with respect to key yield and
quality metrics, namely, the average pod set percentage per inflorescence, number of pods per tree,
pod width, pod length, pod weight, seed width, seed length, husk thickness, seed weight, protein
content, and fat content. In particular, the application rates of 1.5, 2.5, and 3.5 kg/tree produced the
highest values for average pod set percentage per inflorescence, number of pods per tree, pod
dimensions, pod weight, seed length, and husk thickness, and similarly resulted in the highest protein
and fat percentages. Notably, the 2.5 and 3.5 kg/tree treatments resulted in the highest yields per rai
(1,412 and 1,421 kg/rai, respectively). The results of this study provide valuable insights for optimizing
cocoa production and substantiate the efficacy of organic fertilizer in enhancing the performance of
organic cocoa cultivation systems.

Keywords: Organic agriculture, organic fertilizer, growth, cocoa, Nan Province
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Table 1 Chemical properties of high-quality organic fertilizer used in the experiment

Analysis value High-quality organic Organic fertilizer standard under the
fertilizer Fertilizer Act (2nd Edition), B.E. 2550
Acidity (pH) 8.40 -
Electrical conductivity 7.19 <10
(ms/cm)
Organic matter content (%) 23.47 > 20
Moisture content (%) 20.14 > 30
Carbon-to-nitrogen ratio (C/N) 7.58 <20:1
Nitrogen (%) 1.90 >1.0
Phosphorus (%) 4.56 > 0.5
Potassium (%) 2.41 > 05
Calcium (%) 11.07 -
Magnesium (mg/kg) 2.97 -

Remark Samples analyzed at the Quality Control and Standards Service Institute Laboratory, Maejo University
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Table 2 Chemical properties of the soil before and after the experiment

Soil Electrical Organic Total Available
Treatment
acidity  conductivity matter nitrogen  phosphorus

(pH) (ms/cm) content (%) (%) (mg/ke)

Soil before the experiment

7.20 0.20 3.46 0.20 117.25

Soil after the experiment
Organic fertilizer at 0 kg/plant 7.10 0.20 3.45 0.20 116.08
Organic fertilizer at 0.5 7.20 0.21 3.54 0.20 129.68
kg/plant
Organic fertilizer at 1.5 7.30 0.24 3.55 0.25 123.57
ke/plant
Organic fertilizer at 2.5 7.30 0.25 3.89 0.25 110.31
ke/plant
Organic fertilizer at 3.5 7.20 0.26 4.12 0.25 123.59
ke/plant

Remark Samples analyzed at the Quality Control and Standards Service Institute Laboratory, Maejo

University

Table 3 Chemical properties of the soil before and after the experiment

Potassium Carbon-to- Complete Magnesium
Treatment (mg/kg) nitrogen ratio decomposition (mg/kg)
(%)

Soil before the experiment

62.20 7:1 90.25 215.15

Soil after the experiment

Organic fertilizer at 0 kg/plant 62.45 7:1 90.01 211.10
Organic fertilizer at 0.5 kg/plant 77.12 9:1 92.12 280.41
Organic fertilizer at 1.5 kg/plant 84.03 10:1 91.28 260.50
Organic fertilizer at 2.5 kg/plant 114.82 8:1 93.77 257.97
Organic fertilizer at 3.5 kg/plant 125.85 10:1 95.86 314.85

Remark Samples analyzed at the Quality Control and Standards Service Institute Laboratory, Maejo

University
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g19M@ 18.7, 19.3 uay 21.2 lwuRunsnuadu (Table 5) dwidnsanuii sulnlinlasuledunsdiiuminug
9E5¥1I19 230.4-542.5 nSusiana (Table 5) lnen slideBunid 1.5, 2.5 ua 3.5 Alaniusiesiu vilvisiuivin

NANINLANAINSERRE i TEEARYBY (p<0.01) AuNIAUADY 9 aediuintinue 477.4, 528.6 ay 542.5

v
o 6l o o <

niusenamuady (Table 5) uagimiinmdanuin dulnlinldsuledursdiihmingda egsening 2.0-4.0

< '

nsusiawdn Tnanislidedunid 1.5, 2.5 wag 3.5 Alanfusesu vldiimvinudauinias wmnaan1eadn

Y

aeaililudayds (p<0.01) fuvdaunsaug Tneftwinmg 3.3, 3.7 waz 4.0 n3udewdnnuandu (Table 5)
Fsaeandosiuseauves Sivian uazans (2567) Adnwinsuantalignuanyans 1 lussuuinunsduyidd
yosuiEnUIuyTanisy drin Smdauniuy Famuimsliedlimisiu Jevin Jerenuaglalalud duu
ﬂamﬂﬂﬁﬁmﬁﬂ Wy aulnlieny 5, 8, 11, 15 uag 18 1hsu flAaae ANGIR 209, 236, 239, 273 Lax
290 WwuALATANIETU B1gfdnauNalRdY 20 uay 33 HardefuA IR wariimidnuaanais 9.9 uay

19.4 AlansusaAuaLasU
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Table 4 Influence of high- quality organic fertilizer on average number of fruits per pod, average fruit

set percentage per pod, fruit yield per tree, and yield per rai (unit of land area)

Average Average fruit Number of Yield
number of set percentage  fruits per tree (kg per rai)
Treatment
fruits per per cluster (%) (fruits)
cluster (fruits)
Organic fertilizer at 0 kg/plant 2 0.46" 14° 1,137¢
Organic fertilizer at 0.5 kg/plant 2 0.46° 15° 1,202
Organic fertilizer at 1.5 ke/plant 2 0.49° 19°° 1,302°
Organic fertilizer at 2.5 kg/plant 2 0.50° 20°° 1,412°
Organic fertilizer at 3.5 kg/plant 2 0.50° 22° 1,421°
F-test ns ** *% **
CV. (%) 2.09 1.99 4.65 2.83

Remark Identical letters in the same column indicate no statistically significant difference using
DMRT
" = Statistically significant difference at the 99% confidence level ns = No statistically
significant difference

Table 5 Influence of organic fertilizer on seed width, seed length, seed coat thickness, and seed weigh

of cocoa
Seed width Fruit weight  Seed weight
Treatment Fruit length (cm)
(cm) (9 (g)
Organic fertilizer at 0 kg/plant 6.4° 14.0° 230.4° 2.0°
Organic fertilizer at 0.5 kg/plant 7.6 16.0° 372.3 2.0°
Organic fertilizer at 1.5 kg/plant 8.5° 18.7% 477.4° 3.3°
Organic fertilizer at 2.5 kg/plant 9.3° 19.3° 528.6° 3.7°
Organic fertilizer at 3.5 kg/plant 9.5 21.2° 542.5° 4.0°
F-test % *x *x "o
C.V. (%) 3.12 5.67 6.57 6.39

Remark Identical letters in the same column indicate no statistically significant difference using DMRT
" = Statistically significant difference at the 99% confidence level

3. anwauzANINYaIWaKEAInlALazUTITMs e msTulalA
n3fnwdnsnavesledunidnadnuazAuninvemandalnlitazUsuiaaisemslulnlinui

nsbidedunideansszauiuinaibianunituaranueriuda anununvden wWedidusdlusiu waz

s o o i aa I aAwv o ¥ a v & a" 1 '
Lﬂ@?L“ﬁu@ﬂ‘sﬂﬁJuuﬂ')’]MLLG\ﬂG\'N‘VVNﬁﬂG\@EJ'NlIu’ﬁ]ﬁ']ﬂmy&lﬂ (p<001) Iﬂﬁlﬂ'nllﬂ'l']ﬂLlla@llﬂ’]l,aaﬁlagigw']’m 8.7-

'
a

115 fiadwns nensliedunid 0.5, 1.5, 2.5 ua 3.5 Alansusedu vililanuniiudeauindian (0.5,

10.6, 11.4 uag 11.5 fadiuns aua1av) (Table 6) duanuerisdainlinlasuledunidanaiivegseni

Lo

24.3-30.8 fiadwns lnan1slidedunid 2.5 uaz 3.5 Alanfusedu vnlulianuenwdauinian (30.8 uaz

a
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30.9 flafuns auaav) (Table 6) wazauvutdeninlinlasudedunidiiAnaduaysening 10.2-10.8
fadwns Inemsideduvid 0.5 uay 1.5 Alanusiedu silvidanuvuidienuin (10.7 wag 10.8 Jadluns

o a N 6

Aua1aU) (Table 6) Was@urlusaunlaainn1siasizvinudn Inlanlasuledunsd

]

fiesidudlusiu oy
Seming 31.2-35.7 Wosidus lnen1sijedunie 1.5, 2.5 way 3.5 Alansusiedu vhlilesitudlusiuasan
(35.3, 36.7 wag 35.6 Wasidusd nuansiu) (Table 6) d@rutUasidudlusiunuin Iﬂiﬁﬁlié’%'uq%um?ﬂﬁ
Wesidudluiu agsening 15.6 -17.8 Wesidud laenshidedunid 1.5, 2.5 uag 3.5 Alansusedu il
Woduslashu (17.6, 17.6 uar17.8 Wasidud mwddv) (Table 6) Famaannnsisuilaenndastusoanu
03 301 (2544) wuidlefiusnnteflfudfugstuasinavlidefifuilusfuasuiinalofuiuiy 3
o dumnensldsululanaunniu Ssivasldaslulammilldanmduamsivasuululasaudiie
anandundaanesidulusiuldundude venand §ams (2547) Sdldmenuinslideasdmarlid
arunsraieds aruemnalads Yintinnaads aunfaudaeds cuswiaedswesininuge
winnnimslilats vedoradunmglulnsauduesdussnouremnsnosilusing q Tseenduiifvainey

THAATITIUIINATADLI LY WazHUNUINIUNITHULYARLAELSINITV LU IAVD IR VDINY

Table 6 Influence of organic fertilizer on seed width, seed length, seed coat thickness, protein

percentage, and fat content percentage of cocoa

Seed Seed Shell
Protein Fat
Treatment width length thickness
percentage percentage
(mm) (mm) (mm)
Organic fertilizer at 0 kg/plant 8.7° 24.3° 10.2° 31.2° 15.6°
Organic fertilizer at 0.5 10.5° 25.9° 10.7° 31.3° 16.5°
ke/plant
Organic fertilizer at 1.5 10.6° 29.1° 10.8° 35.3° 17.6°
kg/plant
Organic fertilizer at 2.5 11.4° 30.9° 10.1° 35.7° 17.6°
kg/plant
Organic fertilizer at 3.5 11.5° 30.8° 10.2° 35.6° 17.8°
ke/plant
CV. (%) 3.39 2.06 3.55 0.73 1.60

Remark Identical letters in the same column indicate no statistically significant difference using DMRT
= Statistically significant difference at the 99% confidence level

o a LY VN 4 '

MNNANITIATITRANTUUSEANSandunus semIamandnsals Suiunasedy Wesidudnishnna
ALY UnnNa wazu1ninwas taedaranduiusivingu 0.8864, 0.9200, 0.8713 wax 0.8776 (Table
7) F9ad0AAdINUTI891UVDY Ahmed and Barmore (1980) lamanduniusseninmanannols Wininuna

Srununanedu wazdvdnuan wuan walalandauielugiuardvuievesudnlvgmuluaie Fudemrn
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#sulleiigidufunlindosidudinshananiedeteifintu Ssaenndosfuimnunasosuiiiuluwagai
wudeniianas wasinadudseandanduiutvenhminanimasumiinanvesudelald drndnanwaiu
gu1an3e g1ame warimtinanrafurwanunaRedauduiugludauan (Loureio et al, 2016) uas

Yo '

wunianldsusnemsegraiiesdmsunmsasgivlaudaty fvfezesyiulauazadmandnligmnuly

s
I

e (alghnk uasAne, 2567)

Table 7 The relationship between yield and yield components of cocoa treated by different levels

of high-quality organic fertilizer.

Characteristics Number of Average fruit set Fruit weight Seed
fruits per percentage per cluster weight
tree
Yield per rai 0.8864" 0.9200" 0.8713" 0.8776"

(unit of land

area)

Remark = = There was a statistically highly significant correlation (P < 0.01)
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