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Exploration of the Environmental Factors Impacting Cocoa Growth in Nong Khai Province
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Abstract

Due to cocoa's potential for expansion into new cultivation areas, this study aims to achieve the
following objectives: Firstly, to investigate environmental factors affecting cocoa growth; secondly, to examine
the occurrence of diseases, insects, and pests specific to cocoa within the new area; and thirdly, to propose
appropriate management practices for enhancing cocoa productivity. The study gathered data from cocoa
farmers’ plantations in Sangkhom District, Nong Khai Province, in 2022/23. Three randomly selected plots,
each spanning one rai, were collected, with data recorded for 50 plants per plot. Environmental factors were

assessed, including soil samples analyzed for their physical and chemical properties. Cocoa growths were
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monitored over a duration of 10 months. The result showed that annual rainfall averaged 1,620.40 mm,
relative humidity ranged from 56% to 849%, and the average annual temperature was approximately 26.03°C.
These factors significantly influenced cocoa growth, facilitating consistent leafing, flowering, fruiting, and
ripening throughout the year. Maximum leafing occurred July (33.49%), peak flowering was observed in August
(56.58%), and the highest fruit set was recorded in August (17.66% per tree). Fruit wilting peaked in August
(13.04% per tree), while ripe fruit abundance was highest in April (3.05% per tree). The study also found
diseases and pests across all growth stages. Thus, the necessity for branch pruning to mitigate habitats
conducive to pests and to optimize sunlight exposure. During dry periods, additional irrigation is
recommended to miticate water stress and foster cocoa development. Additionally, intercropping with
shade-providing plants during hot periods can effectively reduce water loss.

Keywords: Environmental factors, Vegetative growth, Cocao, Nongkhai
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Table 1 : Weather Data for Mueang District, NongKhai Province, 2022-2023.

Month/Year Total Rainfall Number of Rainy Average Relative
(mm) Days Temperature Humidity
(days) (°Q) (%)
Oct.2022 57 4 27.3 71.01
Dec.2022 0 0 23.2 65.53
Feb.2023 25 3 26.2 61.48
Mar.2023 12.6 2 28.7 57.61
Apr.2023 6.6 1 32.3 56.89
May.2023 248.8 10 31.6 66.92
Jun.2023 239.3 19 29.2 79.72
July.2023 405.8 19 29.2 80.34
Aug.2023 354.3 21 279 84.87
Sep.2023 2935 20 32.1 85.50
Total 1,620.40 99
Average 26.03 70.90

Nong khai Weather Station

iy dousunay 2565 lsifidunnias uasiluanunigaludiounsngauiiusinashslusau 405.8
fiadiuns Vsinadusiunaeaiadil 1,62040. Sediuns(Table  Dasandosfuauidevesaniuifefivaru nay
Fnsnens (2564) Tnlifesnisusinahdufinsnszaisasiianonase® Tutiina 1,000-3,000 fadins waedlals
wolaldAUSinsluesoglutag 1,500-2,000 faduns waeiigqudsliiu 3 Wou dnquisiadedu 3-5 iou desd
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¥ 18-32 paAwawded (Table 1)

ANIUFUANS  AuTuduTInsHAgeanluggruszniItafoungualaufsAsuiueIguRisggn 85.5
s & & & P a ¢ & & X8 [y &
Wesdud uazanasluggrunlufounaaufiaieunnsiag way 71.01 Wesidud uazanuduiagnlugaseuluiiou
nuALSEuRouNwIEY 56.89 WWesidud (Table 1) anutuvasanadudsdndudmsumsimuidulavesiulnld
Uszwaiindnlnlildadndanududuivseglutig 70-100 wWesidud (Intemational Cocoa Organization, 2012)13
Wwiyiuln n1seenmen fnna waznsrkananvedlnlituineidesiutadesudwindeudusgrann Tnesaniznis
N3V gaun il uas uaraudUluAY (Wood and Lass, 1985) tnsaudulufuiinanen1sagausigoimsiay

gafluulunisesnnan MsimLIveInen Wosidusinshnnawazn1siienvadnalnld (cherelle wilt)

Table 2 : Results of analysis of soil properties of farmers plots in 2023

Farmer Name pH oM P K Texture Color
Mr.Boonchuay Saengmanee 5.63 1.65 10 61 Mold Brown
Mr.Thawatchai ~ Saengmanee 5.39 1.58 4 57 Mold Brown
Mr.Jakrich Kanbutr 5.45 4.35 a4 119 Mold Brown

audAnIenen nlaslalvessiu ApH 8g5EnINe 5.39-5.63 A1 OM 8g5enine 1.58-4.35 ¢ P (AWeaneiad

Juuselewdlud) deegsening 4-10 meke A1 K Inunadeufivanudsulalumiv) fA19g5eWINe 57-119 mg/kg

(Table 2) FegenndpaiunuItevesaatuidefivaIu nsudvnsinuns (2564) Aundaadunsa-ars (pH) #ndn 5.5

W3aunndn 8 eravhviAnauliannaressIneIms Wy MIvnsinla

Table 3 : The growth of cocoa plots of Nongkhai Province 2022-2023

Length of Canopy
Canopy size,
circumference Height of Plant size, Number of
north-south
Farmer Name of the base of branch  height east-west main
direction
the tree (cm.) (cm.) direction branches
(cm.)
(cm.) (cm.)
Mr.Boonchuay 29.89 80.65 330.91 357.82 353.46 3.46
Saengmanee
Mr.Thawatchai 35.46 89.18 376.65 362.26 356.38 4.40
Saengmanee
Mr.Jakrich Kanbutr 20.96 73.04 287.68 277.95 282.11 3.04
Average 28.77 80.96 331.75 332.68 330.65 3.63

wlaswgygte wawal Inn1siasaaulaveddnlivuiaduseuiddaudueie 29.89 WURlWAT AINEIAIAY

80.65 LWuAlAT ANLAIURAT 330.91 lWUFAT ANUNTIWSINTiAmile-16 1afy 357.82 WUAWAT AN

WuiiAnyTuean-nunniady 353.46 lURWAT IWINRmENREY 3.46 Ao
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Table 4 : The growth of cocoa plots of Mr.Boonchuay Saengmanee 2022-2023

% of young % of Number of Number of Number of
Month/Year

shoots flowering young pods withered pods ripe pods
Oct.2022 6.36% 26.24% 17.56 23.82 3.36
Dec.2022 0.00% 10.90% 9.34 5.30 1.72
Feb.2023 6.60% 11.68% 2.40 6.74 4.10
Mar.2023 20.10% 17.28% 0.46 2.32 2.66
Apr.2023 0.00% 46.52% 0.20 2.42 4.22
May.2023 25.40% 17.90% 0.74 1.24 2.36
Jun.2023 31.98% 20.02% 0.38 1.34 1.26
July.2023 35.64% 22.21% a.4a7 0.28 1.19
Aug.2023 12.23% 47.15% 2594 18.51 0.19
Sep.2023 32.60% 22.70% 2.34 1.10 1.44
Average 13.83% 24.26% 6.38 6.31 2.25

¢

wasneygyie wasmdl thuiaedl 47 vy 4 m.ui$s o dse 2. ueams Ugnitug IM1 Ugnuuufiesanantg
wenuvasidniigu Jagtulddaduundudiifusenannuiasnaundeliseu q was fuftugniiuau 3 19 ffulnls
$1uau 200 fu swegUgn 3x3 o1gld 6 ¥ Wwuuifavianeslutuduilelidiihfemetumansyiivlnvestnld
Foyamisiasqdvlaleun nmsunnluseuundigaluiieunsngiau 3564 Wesidud desflanluifiounaiay 636
Wesidud uaziieuiliuanluseuasofion Suneuuazifiouwiou msesnmenwuinfigeluieudnau dosfian
Tuidousunau 10.90 wWesiud nsinnageusniiaaluiioudamau 25.94 Wesldus dosfigaluiieuwieu 0.20
Wedldud maisavemaseunuluynifieu nusnfigelufeunatau 2382 1Wedldus desfigeluiiou nsngiau 0.28

Wesidud nagnnuiniianlufeuuwioy 4.10 wWesidud desnanludeuduneu 0.19 wWesdud (Table 4)
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Table 5 : The growth of cocoa plots of Mr. Thawatchai Saengmanee

Month/Year % of young % of Number of Number of Number of ripe
shoots flowering young pods withered pods pods
Oct.2022 0.00% 10.90% 9.34 5.30 1.72
Dec.2022 0.00% 10.06% 10.38 9.08 1.74
Feb.2023 2.20% 29.84% 4.38 3.28 2.28
Mar.2023 7.24% 14.14% 0.72 5.16 1.86
Apr.2023 0.10% 26.14% 0.30 3.22 3.26
May.2023 19.30% 21.94% 0.50 3.20 1.74
Jun.2023 33.54% 20.29% 0.02 4.88 2.04
July.2023 30.63% 23.19% 3.29 0.94 2.52
Aug.2023 13.17% 85.15% 21.23 18.90 0.04
Sep.2023 30.56% 19.36% 1.72 2.36 1.68
Average 13.67% 26.10% 5.19 5.63 1.89

wlaswes ity waswal U1uai 47 vy 4 n.ui 8.8 A.vuesany wlaslgnlnliegvafl 3 9.u1%7 8.dau
2.1upIA1Y Ygnivug IM1 Ugnuuuiiaien 31uau 3 15 seee 3x3 fdaulnlidnuau 510 du a1y 6 U Tiissuuddauss-
nes lugrdaielifiunfisaweriunisiasyulavednld dansasaivlnvedald deyanmsasqiaulalawn n1s
wanlugauunniigaluiieufiguiey 33.54 Wesidud desfigalufouwwieu 0.10 Wesidud uazieunliunnlugewas
A oaA = o A A a ¢ & &V a a o
AofaunaauLazifoutuIAL NMIsenaennunInigalufieudmiay 85.15 wWesidudtesiianlufiousuinau 10.06
Wesidud n1shanaseusnniigaluiioudaneu 21.23 wWesidus desdignludou guisu 0. 02 Wesidus nsifivives
nageunulunniiow wunnigalufioudanay 18.90 wWesidus Wesfigaluiou nsngiau 0.94 Weosidus nagnnu

wnfigaludouamsu 3.26 Wesidus vesdignludoudsmnau 0.04 1Wesidus (Table 5)

Table 6 : The growth of cocoa plots of Mr.Jakrich Kanbutr

Month/Year % of young % of Number of Number of Number of ripe

shoots flowering young pods withered pods pods
Oct.2022 0.10% 1.34% 10.20 7.28 0.22
Dec.2022 0.00% 6.60% 4.28 5.30 1.56
Feb.2023 0.00% 4.08% 0.96 1.48 1.28
Mar.2023 0.18% 6.02% 0.02 1.60 2.34
Apr.2023 0.00% 2.56 % 0.06 1.52 1.66
May.2023 0.98% 4.42% 0.04 2.98 0.36
Jun.2023 33.60% 23.78% 0.08 0.76 0.02
July.2023 34.20.% 41.16% 0.25 0.00 0.00
Aug.2023 22.30% 37.44% 5.82 1.72 0.00
Sep.2023 17.10% 37.90% 2.88 2.68 0.00
Average 10.85% 16.53% 2.49 2.53 0.74
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undigalufeunsnginu 41.16  Wedidud Yesflanlufousuneay 134 Wedidud nsAnnaseuuniigaluiieu
Aenan 10.20 Waedldust tesfigaluieufiunay 020 Wesiud nsiiiervemaseunuiniianlufiousainy 7.28
Wesidud desiianluifeuiiguisn 0.28 Wedduduazlinunmsianaseulufeunsngiay uagnnuanniigaludeu
furaw 230 Wedidud Yooflarludeuliquion 002 wWesduduarlinunagniasluideunsngiau dwnau waz

fiugreu  (Table 6)

Table 7 : Average growth of cocoa plots Nongkhai Province 2022-2023

% of young % of Number of Number of Number of
Month/Year

shoots flowering young pods withered pods ripe pods
Oct.2022 2.15% 12.83% 12.37 12.13 177
Dec.2022 0.00% 9.19% 8.00 6.56 1.67
Feb.2023 2.93% 15.20% 2.58 3.83 2.55
Mar.2023 9.17% 12.48% 0.40 3.03 2.29
Apr.2023 0.03% 25.07% 0.19 2.39 3.05
May.2023 15.23% 14.75% 0.43 247 1.49
Jun.2023 33.04% 21.36% 0.16 2.33 1.11
July.2023 33.49% 28.85% 2.76 0.40 1.24
Aug.2023 15.90% 56.58% 17.66 13.04 0.08
Sep.2023 26.75% 26.65% 231 2.05 1.04
Average 13.87% 22.23% 4.69 4.82 1.63

nsuanlugou
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ANuduTusivgaumgiuasUsunany Inlddniseenaenuiniigadlalnliiiugiuddnlifinsduaseikasanniy
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== v =

puvNNARUANUILBELNgnainarnlndnsazauasiulamsnidluiswaraiauunndu Tutgiawas 1ie9annyae

9 Y Y
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Abstract

Study of the relationship of environmental factors affecting cocoa cultivation in Phetchabun Province.
The objective is 1. To study environmental factors that affect the growth of cocoa. 2. Study the occurrence of
disease Insects and cocoa enemies in the area and 3. To find guidelines for correct and appropriate plot
management to increase cocoa production. From October 2022 to August 2023 in 2 cocoa farmer plots: Nan
Ngua Subdistrict and Tha Phon Subdistrict, Mueang District, Phetchabun Province. Data were randomly
recorded on 50 trees per plot every month, recording the growth of cocoa as follows: young leaf emergence,

flowering, young fruit set, and ripe fruit. It was found that environmental factors are very important to the
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development of cocoa. Both the amount of rainfall Relative humidity in the air, temperature with a total
rainfall of 842.2 mm per year. Relative humidity in the air is approximately 57 - 87 percent. During the dry
season, the relative humidity in the air drops below 57 percent (March - April). There is an average
temperature throughout the year. Around 26 -35 degrees Celsius, young leaves, flowering, fruiting, and fruit
ripening occur all year round. The most young leaves appear in January at 84.86 percent, the least in October
at 1.24 percent. Flowering is most common in May at 64 percent. In November, the lowest flowering is at 7.3
percent. The most young fruit set in October is 17.23 fruits per plant. The lowest was in March, 1.48 fruits per
tree, and the most ripe fruit was found in December, 8.38 fruits per tree, the lowest in August, 2.1 fruits per
tree. Withering of young fruits was found in every month. But the most was found in December, 13.18 fruits,
the least in October, 5.3 fruits, because cocoa is a plant that develops and grows at every stage throughout
the year. As a result, there is an infestation of pests, both diseases and insects. Such as black rot disease,
cocoa stink bugs, mealybugs, and ants, which are pests that live in cocoa fields all year long as well.
Therefore, farmers should have good planting management. That is, pruning is done to eliminate the habitat
of cocoa pests and to allow the cocoa tree to receive more light. During the dry period there is little or no
rain. There should be additional water provided.

Keywords: Cocoa, environmental, growth, Phetchaboon
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HaLiten

nMsiigesHaseunUINNTigaIieusuNAY S1uau 13.18 nasedu naifisrtiosiian Tufousanay S1um 5.3
wavias ralnlfazdinisifiervesa (cherelle wilt) Fsnafiaziiudivdoaudndasududn wikneguudulaglisag 3
graAnlaungs 80 wWesldusvonadinn (Wood, 1975) muﬁmﬁmﬁmﬁ’uNaéauiﬂiﬁ'ﬁﬁmq 50 TULSN INNNSANWN
Y9429175 Y5350 Wazaniy (2530) wuin luswdisinisianauniign axdidnsnisiitsrvesnalnliuniigaluraed
TnalAgeiu u'wzLﬁmfmﬂﬂﬁLLsJaﬁwammiLLamfﬁw:mmaﬁﬁwé’m%m@ﬂm nafifnlnl warlulnifimanasaiuln
ylifismemauaztlaifsmeronmaaiaiviavesmaimn Fidninsiiivemaiidalussninauasaieng
Hufiganimaiifauazdinsinundautsasiuggau Wenalnldfivunm 10 wufms viedlengannnnd 90 Yu msiiien
wanas Wowdsluradnisimuuntusaradsesosindun dlinaausaimusoluldlaslifimadonfniusn
(Wood, 1975)
(Table 6)
NaEn

nagnwUInTgelususuNAL $1udu 8.38 nasesiu nagnTiesiludeudnnau $1uu 2,11 wasesu (Table 6)
TsAuazuaas

Tsatwiinulundadlnldlann sanatiis Tsafauie (@1nsal wazmamy, 2528) wuasdnglnlalawn wulnld
wideutls vuawazd iy wasdemos dnidnsliun nsvsen uasmy vhanenagnudliieglussiufiainsnnmdeme
(M151NT wazAly, 2554)
Aanuduusan nglienniatuiauInsvadlnl

iethdeyasimunnisvedlnlAdldiumenuduiusuuy Correlation Audegyaaningiiennialuseud wuia
Uinautheu Sralasnssfunisunneenseusnnds 88 % WeuSumdsluinn maunnseafunndaeiduiy Snssiuay
Sufiunniinatunisinnen 80 % UadedAyresnisunnsenseu wazinmenvedlnlffeusinaniny anutuluiu
gaungfl uazauTuluena (Hutchon, 1997) Gamsatutiudu dadvanminndousugamgiasan funishnuaseud
Anuduiusuuunniuty 68 % Aeilegumniguanuntusuiunisfanaseuasiiosas iudeatuifuswauuiiduan
warautudinsinnuduiuddeniaiienvessanuunnduiu 77 % way 67% Fowdefsuauiuiluantios Anuty
Fustvstierluthadeutuasny mafisivemainniu uaswauTuiiluandaruduiusuuunndutumaiouagn 74%

nanfeLliayInfeuuiTLINIUTINUANIIN I1IUKagNIzlee (Table 7)
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Table 1 Weather Data for Mueang District, Phetchabun Province, 2022-2023.
Total Number highest lowest Average Relative
Month rainfall of rainy temperature temperature temperature Humidity
(mm) days (°O) (°O) (°O) (%)
October 46.5 9 353 227 29 76.65
November 44.3 8 36.7 21.9 29.3 76.77
December 0 0 34.7 18.9 26.8 71.61
January 7 1 357 17.9 26.8 68.35
February 35.4 2 38 20.8 294 64.38
March 0 0 41.5 23 32.25 57.27
April 254 6 435 258 34.65 57.3
May 101.4 11 43.4 25.7 34.55 71.52
June 164 17 40.1 255 32.8 76.87
July 127.7 14 38.5 25.6 32.05 87.07
Ausgust 453 14 38 24.8 31.4 82.06
September 245.2 19 37.5 235 30.5 82
Total 842.2
Average 38.57 23.08 30.79 72.65
Phetchabun Weather Station
Table 2 Results of analysis of soil properties of farmer plots in 2023
name Location PH oM N P K ECE Texture
Mr. Somporn Onon Mueang 7.2 228 0.11 135 266 24 Clay
District
Mrs. Rattanakorn Thueanma Mueang 741 186 0.09 61.5 270 22,1  Sandy Loam
District
Table 3 Stem growth of cocoa fields in Phetchabun Province, 2022-2023.
Plant height Length of Canopy Canopy size, Height of Number of
(cm.) circumference size, east-west branch main
Farmer Name of the base of north-sout direction (cm.) branches
the tree h direction (cm.)
(cm.) (cm.)
Mr. Somporn 358.66 41.35 342.18 324.55 73.95 3.14
Onon
Mrs. Rattanakorn 307.65 38.85 319.70 313.03 82.47 3.67
Thueanma
Average 333.15 40.1 330.94 318.79 78.21 3.40
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Table 4 Development of cocoa trees of of Mr. Somporn On-on.in 2022-2023

N % of young % of Number of Number of Number of
Mont
shoots flowering young pods withered pods ripe pods
October 1.30 9.50 15.70 2.58 4
November 3.55 11.85 8.44 5.42 4.16
December 1.39 12.15 6.80 7.96 7.44
January 3.88 7.82 4.18 9.57 5.97
February 36.31 86.24 3.02 7.55 5.50
March 4.59 19.69 0.68 8.78 4.60
April 6.64 25.05 1.94 7.63 5.20
June 89.72 79.97 2.10 4.18 4.17
Ausgust 2.23 90 6.80 572 2.16
Average 16.62 38.03 5.51 6.59 4.8
Table 5 Development of cocoa trees of Mrs. Rattanakorn Thueanma in2022- 2023
% of young % of Number of Number of Number of
Month
shoots flowering young pods withered pods ripe pods
October 1.19 19.94 18.76 8.02 6.78
November 1.35 3.15 14.36 12.74 8.04
December 2.73 7.35 13.44 18.40 9.32
January 1.65 7.34 10.09 14.68 5.2
February 20.22 15.95 2.84 12.40 8.95
March 22.56 11.97 2.28 18.22 a4
Aprit 7.26 14.98 2.5 16.68 5.44
June 80 67.12 245 12.50 3.55
August 1.19 19.94 5.88 8.02 2.06
Average 15.53 18.63 8.07 13.51 5.97
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Table 6 Development of cocoa trees of in Phetchabun Province in 2022-2023

o % of young % of Number of Number of Number of ripe
Mont
shoots flowering young pods withered pods pods
October 1.24 14.72 17.23 5.30 5.39
2.45 7.50 11.40 9.08 6.10
November
December 2.06 9.75 10.12 13.18 8.38
January 2.76 7.58 7.13 12.12 5.58
February 28.26 51.09 2.93 9.975 7.22
March 13.57 15.83 1.48 13.5 4.50
April 6.95 20.01 2.24 12.15 5.32
June 84.86 73.54 2.26 8.34 3.86
August 1.71 54.97 6.34 6.87 2.11
Average 15.95 28.33 6.79 10.05 5.38

Table 7 Relationship of climate and cocoa development in Phetchabun Province in 2022-2023

Number of
% of young % of Number of withered Number of ripe
climate shoots flowering young pods pods pods
Total rainfall ~ Pearson 880 550 -047 -653 -416
(mm) Correlation
Number of ~ Pearson 520 537 204 775 - 748
rainy days  Correlation
Number of ~ Pearson 275 808" -686 170 -233
rainy days Correlation
lowest Pearson 351 .438 -.148 -.491 -683
temperature  Correlation
(°C)
Relative Pearson 144 265 616 678 -472
Humidity Correlation
(%)

** Correlation is significant at the 0.01 level (2-tailed).

*. Correlation is significant at the 0.05 level (2-tailed).
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