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Abstract

Growing coffee intercropped with para rubber is a way to increase income for farmers in a time when the
price of rubber is falling. Therefore, proper soil and fertilizer management will help main and companion crops
grow well. Therefore, this research aimed to study the type of organic fertilizer combined with chemical fertilizer
to promote the growth of 3-year-old Robusta coffee grown with 15-year-old rubber trees at Ban Khao Wang Ching,
Khok Muang Subdistrict, Khlong Hoi Khong District, Songkhla Province. The experiment was analyzed using a
Completely Randomized Design (CRD), divided into 3 treatments with 8 replications (1 plant/replication). Using
chemical fertilizer (15-15-15) at a rate of 300 g¢/plant/year, divided into applications every 4 months, 100 g/plant
at a time, applied together with a different type of organic fertilizer, namely bio-sludge pellets, chicken manure
pellets, vermicompost at the rate of 8 kg/plant/year, divided and applied every 3 months, 2 kg/plant at a time,
and use straw to cover the base during the dry season. The results found that the application of chemical fertilizer
15-15-15 at the rate of 300 ¢/plant/year combined with chicken manure pellets at the rate of 8 kg/plant/year and
covering the below canopy zone with rice straw is the most suitable method for growing Robusta coffee with
rubber trees. Because it can make Robusta coffee plants grow well and produce the best fruit size. This study
indicates that chicken manure pellets could be a valuable tool for increasing the production of Robusta coffee
intercropped with rubber trees, through improved growth and yield.
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HaNANTIL 18,689 A nandnUszaunaSeray 51.12 WuniuniuglsUant (Robusta) ﬁﬁuﬁﬂqﬂmﬂumﬂiﬁ Tawn 3913
BuNg szUes 43193517 3zl uavuasAIsIsuTY Bndouay 48.88 LunuNUSeT 9 (Arabica) Ugnunnlumawmile
iy Wedlnl Weese wazwsigesaau (Office of Agricultural Economics, 2022) tnunsnsdiulugjugnniunlsdaninsie
sumulsasaiuuaglvinandngs In1sveusuanuiuviiedraniunsdusaindesnvedlve (Pokeeree et al., 2018)
Tutaall 2550-2558 Ussimelyedasmaudanunliindy aunsfunandnniunitanasesteroiion insngsamananniund
andiuszernannuiiliinunsnsuiuivasuluugniivduiisianindt wu s1ens Uiduthifu wassaldisdianing 9 u
mﬁaﬁuﬁﬂgmmﬂamaqmm (Horticultural Science Society of Thailand, 2018a; 2018b) Tngtanizenanisnduile
wiswgRafiddyrossemalnomndaund 2530 wauialagiu fesemalnedudninuardseanifusudu 1 vadlan
annsohselddngussmatiasmansuaudiuum Wl 2555 Yseimalnedsoonenanslétmuauszana 2.7 Sudu i
selidUsemaUsean 4 uauduum (Academic Office, 2013)
TuthmaneUiinuunsmenmnsiinumsnsinenelalusnigsanilaniu 183.64 vwlud 2554 nduisandiu
ruuazanauuegnann Tnadaudtasdud 2555 Wusuminuasnsusermnsldilaniuarlaifs 100 vin uazBalisia
anausey o Wilaniuay 80 v vlinussnsvaueITIThussmAldsuaLionsou msrsaiismmielall
Aufiuununisudn (Academic Office, 2013) vilsisgunadasoonulounaiioululiymanarsmnsnnsilasnsaniiui
Ugnenems1 ntuduaiulfinunsnsainsldifisnnautmnslnenmsugnnieveunes Ugnnasss Asdhs way
AMsyunEasiuaIue1anist Wudy (KhunThamdee, 2016) dusudaninaavan wui N33l )URTIvNNS
sy 2563 Tagvhmslienegidneamnisiaudmie Ssenuhdminamanigaudde fufivgnenamsunndy
SusfuaesvasUszmasiun 2.09 Auauls Wuiuiilaniaudadmau 1.83 &wls uazanmsiinsziqnseunuinan
AMNSHAININTNEATH INTIETIANFUAINYATIENI1INTIanaseEsoidles MatnuasTIANTYsANNS thesamug
inmsfneitelissleviasenenaidandivdies iddanunsnssedeslifaundonlunsudndudinunsia
A nndymirsdumsuuzilfinuasnsvnmunduiminawandondseneverTmaduinananidaduiifeanis
vaeman uavannsameldiaesnseunslegredduiiFdauddyetnad
mstgniissalumusensdunaaurgldliiunsnnannddu leamglufiufimeldusssumalned
Huudagnensmnsmuelng uasnwmsnslisulgnisiivusiuasfivimmainassinluaiuenams iazdesnsly
UsﬂwﬁmﬂﬁuﬁdwiwdwLLmUQﬂsmwﬁ']uazt,ﬁmwsﬂé’ (Chiarawipa, 2019) ﬂﬂsqﬁ’umLLWIiﬂ’amWﬁaLﬂuﬁmﬁmﬁwﬁaﬁ
inwmsnsluneldmdslimnuauladandgnidufivhunaiiowsumeldlunisiismnsdnaiand Tagamzinunng
ymaugansiluiuiiduaiany sunersemeslds Tminasan flianuaulavgnniulstamsaluamugamn 39
TinquszasdiiieAnvivinveseduvidfsinuaniBmnzaudemsldsmiulonilunmsuiugenugauauysaivesiu
dwsududeyansdnnsiusazlemunlsamsuenansiliunneasnssely
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1. NMTINURUNITVIAGD

Anvwilsmesoduvidsmiviandsomsduaiumsiaiyiulnvesnuiuglstameny 3 U fiugnsiuensmnseny
15 U Tuilufitunisds srvalaniiag Suneraammetlts Saminasan ffufivanosiome 12 19 Tasflsvesvinessminadu 3
LIRS PNLHUNINARBIMUU Completely Randomized Design (CRD) tnglieiadl (15-15-15) 8051 300 nsusasusied lnawus
Tayn 4 ieu aftey 100 nfusedu Saufutleduvdasedatu ualy 3 Amanesy az 8 41 (1 Fustedn) Ao meneufanm
goudln @Armnadunsadusng (pH) 7.03 A1n1sdili (EO) 2.56 wdTuusiaiuns swmlulasiau (N) 1.34 wWesigud
Weanesa (P) 1.07 wWesidus waslnunaideu () 1.35 wWesidud) yalndada (He1 pH 6.82 A1 EC 2.87 03T uusowns
519 N 1.50 wWeasidud P 1.80 Weosidus way K 1.50 wWesidud) uasdeyaldifiou @1 pH 6.75 A1 EC 2.30 ndduusewns
5790 N 1.21 wesidust P 1.24 Wedidust uaz K 1.30 Wofidud) §nn 8 Alansudediusiod Tasutdldnn 3 Wou adsas 2
Alansusienu warlinpgulauluyagauds Woununius-weuAL
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2. nsvuiindaya

2.1 Suitnanminedesluwamanos Wi Anutuiu (%) UInamseiumufisfuaNEn 0-20 wuRlsng ¢
wiasTanutuluRy (Soil moisture kit §u ML-3, Delta-T, UK)

2.2 Suiinanugauaysalvesiuneunazvdmaass Ineduiuieg1shiuunamsmudunu fsesunnadn 0-15
WwuRlans fuae 2 90 inafudednsiudmeansos 8 91 wdnidessiuinsutunaniedlidn dilufsauaunt ds
TnTzinuaniicneg audufuRnTiinTeinats ANeNINeINTETTIYR WINeREAAIUATUNS Inenunmalig TAT1en
1¥un oy eounBunsndusing Al danuglumsuaniuisulszquan (CEC) s9menavdn 519emsses uavs
oWy Yinndurie g warduviniueu uasimassatulSinadesdunidviun (TPC) Tufiuus Tagisns pour
plate UWB19115 PCA (Plate Count Agar) wazUSunadaduazdon (v/M) luiuuia 353 pour plate U1a1113 PDA (Potato
Dextrose Agar)

2.3 guinn1siaseiulnvesuniunduu 8 8 vimsiiuteyadl 0,3, 6 wag 10 Loy ndmaasa TiuA w@usinu
Audnasdiuniefiuiu 10 @adiums) enuniiomsmiy (euuns) anugeiu (sufues) Sl () $uauis @ uiin
auderlu Tneldirsasinnaslsilad (SPAD-502Plus, Minolta, Japan) udatieniluuamusinanaslsiladiomn
Aaelsilad 1o Aralsilas U saufsnmamusunaualsivees lngldaunisaruduiusvasranuideanluwasUsinaswing luly
nusllstam (Suteekanchanothai et al,, 2017) wiesTavuanandn IFun auniissa auenine waziwiingg

ihdeyaluiiaszviniadadelusunsuduiosy uasiuisuifisuanuunninsvesaiadesied Duncan’s
multiple range test (DMRT)

NAN1MAABILALIRNT0]
1. gnmuanaasluuasmaaad

MnnsianudulufuuTnumssiunuiiusTsvan Aldsuddunidimatulgnimensmaey 15 U lu
Aounuaitus nuaen Fomau warduniau wa. 2564 wuh Weununus Tuuasgnnusiuslstam fenuduiu
ogflutaa 9.05-10.61 wWesidusd ndsanldedunidgnasne waefimsnqulauden sdenaliinrutuiufiutuludou
nquaen aglutas 24.24-28 30 Woesidust Taomsladeduvidyalisadniliiuuinumsamumuniuslstamiauty
g9an 2834 Wosidud sesaan fe mslaleduvidazneudinmsndin wazloyaldiiou egil 27.81 uag 24.24 Wosidud
puddu ludordonauuariuney wui nsldteduvadyalisadainlffuusnunsmunuiiuslsdandanuiu
quan 24.53 way 21,55 Wadidud auddu (Table 1) sstioraidiosnnlulsduridyaldsadiniiusuaburieTmpnnnd
{Jognsdu Jeiliannsoduthuas fnwanuduluduldunnn
Table 1 Percentage of soil moisture content under canopy zone of Robusta coffee intercropped with rubber trees

in February, May, August, and December 2021

Organic fertilizers Soil moisture content (%)

February May August December
Bio-sludge pellets 10.61 27.81%° 22.13 19.67%
Chicken manure pellets 9.05 28.34° 24.53° 21.55°
Vermicompost 9.64 24.24° 22.43° 14.95°
F-test ns * * *
CV. (%) 12.79 14.00 5.18 10.83

Different letters were significantly different by DMRT; ns = not significant at P>0.05; * = significant at P<0.05

2. auvamiluudasmaaas

NNsUsEuANNEANaNY SaivasAuneunaaedluLUallgnnIunTINe a1 wud Tuluasugnniuniug
Tstasdmeremns defudufusumior arudunsadudadunsadn fidn 5.36 msilaih (E0) 31.40 lalasdun
souRiuns Aulinugauanysaii lasdismermsvdnlulnsiauioua 0.10 Wedidus oglusydus oavefailiu
Uselowd 6.92 fladnfusioilansu eglusediud Inunaeuiiuaniuaeuld 43.39 fadnsusiedlaniu eglusedusi uasdl
Bur3edng 1.91 Wedidus egluszduuiunans (Table 2) fUsinateogaunidianun (TPC) wasUSuaidadiazdos
(Y/M) 0871 3.45x10° waw 1.33x10° CFU/n3u fuusks sdsmnvhnsnaaeadune 12 o Tnglatedundd s1uu 3 e
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az 2 Alandu/du Saudulowd (15-15-15) $1u7u 3 Adaq ay 100 n¥w/du wu nslddedunidezneutanmdaiiauas
{eduvidyalnsadiademaliiuiiinnudunsndusisgsiu 6.28 uaz 6.26 musiy silidesanluledunid 2 gns
fdunavesunauinuasiuneain sadutaniilusetissnsedunnudunsadudeesiuligdls luvaeinuunald
nsunuiinuasnslaloniifiesegaforsidanudunsausig 5.56 (Table 2) dnUinusmewnsvdn e s
509 LaysM TR uarduvdeTmgiuieatu wuin mslaleduriduisliuinusne g uazdunieinguia
a9t (Table 2) uenndidmuinisladeduniddaelimugdunisluiuingdudie Sustelinszuiunsdos
angluduintuldAinsanudessmemsiivssloniliuiniu (Table 2)

Table 2 Soil properties before and after the experiment in plots of Robusta coffee intercropped with rubber trees

Soil properties Before After experiment

experiment Bio-sludge Chicken Vermicompost normal

pellets manure soil
pellets

Texture Clay loam - - - -
pH 5.36 6.28 6.26 5.82 5.56
EC (LS/cm) 31.40 52.9 69.4 36.5 22.6
CEC (meg/100 g soil) 6.66 5.53 6.57 4.96 6.72
Total N (%) 0.10 0.12 0.13 0.12 0.11
Available P (mg/kg) 6.92 142.18 182.02 96.94 12.67
Exchangeable K (mg/kg) 43.39 70.3 115.45 70.56 84.05
Exchangeable Na (mg/kg) 6.22 11.79 16.48 5.90 6.46
Exchangeable Ca (mg/kg) 654.23 1,156.11 1,137.77 439.15 652.34
Exchangeable Mg (mg/ke) 152.65 77.62 111.12 108.28 153.67
Exchangeable Fe (mg/ke) 111.78 116.72 114.01 180.82 112.63
Exchangeable Mn (mg/kg) 71.30 26.53 38.09 68.56 72.33
Exchangeable Cu (mg/kg) 0.77 0.56 1.14 0.88 0.79
Exchangeable Zn (mg/kg) 1.64 1.32 1.86 2.74 1.72
Organic matter (%) 1.91 2.76 3.06 2.74 2.80
Organic carbon (%) 1.11 1.60 1.78 1.59 1.63
Total microbial content (TPC) (CFU/g 3.45x10° 2.07x10° 2.40x10° 2.47x10° 7.33x10°
dry soil)
The amount of yeast and mold (Y/M) 1.33x10° 2.63x10° 2.73x10° 2.65x10° 2.60x10°

(CFU/g dry sail)

3. wavasledunsdarsvidanuaenisisgaulnvasnunlsianivgnsise1awis

Aowin1smeass (0 weow) wuil munlsdandvuiaduriugudnarsdidusaraunitmsaialiddaag
wANFaiun19edif oglutag 20.29-22.87 Tadwns way 107.88-111.91 Wwufluns aua1du (Table 3) nawin1svaaes 3,
6 uay 10 wwau nuin Mmslddedunsdyalndadn suntulstanfuuaduinugudnaisdidugsdn 26.84, 28.01 uay
32.42 fiadluns mud1dy sesasn Ae mslideyaldifiou ogi 23.98, 24.24 waz 27.01 fadwns auddu waznslide
Sunidmzneudinwdnilin gl 22.56, 24.28 uar 25.75 Tadwng MudFU druenunamssindieny 3 uaz 10 oy
wu31 Malddedunidyalndadalinnuniimsmiuas 158.88 uaz 176.67 wufuns aud1du uabifinuunnaiamig
annrfun1slideyaldifiow 153.88 uag 165.00 lwufluns aua1du (Table 3 and Figure 1)
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Table 3 Stem diameter and canopy width of Robusta coffee intercropped with rubber trees at 0, 3, 6 and 10
months after the experiment

Organic fertilizers Stem diameter (mm) Canopy width (cm)

0 3 6 10 0 3 6 10
month months months months months months months months
Bio-sludge pellets 2148 2256 2428  2575° 107.88  132.00° 134.33°  138.33"
Chicken manure Pellets ~ 22.87  26.84° 2801  3242° 11191 15888 174.17°  176.67°
Vermicompost 2029  2398° 2424  2701° 10825 153.88" 156.67°  165.00°
F-test ns * ns * ns * * *
C.V. (%) 11.23 1431 12.57 11.68 14.85 9.46 8.68 9.02

Different letters were significantly different by DMRT; ns = not significant at P>0.05; * = significant at P<0.05

Figure 1 Characteristics of Robusta coffee plants intercropped with rubber trees at 0 (a), 3 (b), 6 (o),
and 10 months (d) after the experiment.

dmsuanugasiu wagduauisesnunlsdanildsuledunidisiulgnsmiuensna dewhnimaass
(0 fiow) wuin Anagesu agluras 200.75-220.50 wufiluns wagdidwauna egluras 1.50-1.75 Awiesiu ndwinnismaass
3, 6 way 10 Weu wuin n1slddedunidyalndmda dununlsdanfninugesiugegn 270.25, 294.00 way 298.33
WURIAT AINEIAU S8 Ao nslddedunidasnauinimdaidin 221.88, 237.00 uaz 240.00 WURWAST AUEWU
waznstileyaldifion 219.38, 229.67 uay 236.67 LyuRUAT AuEIRU (Table 4) MH1INIINAREY 3 Uag 6 1ol WU
nsliedunidnzneudinndndauasedunisyalisasinliisiuiunsgdlifinnaunneirsiumaeada eglurig 22.38-
2833 Aadtedu Tuvaziinisliveduvidyaldifeulisuuisionian oglutaa 17.13-20.17 Asdesiu (Table 4) ndavinnis
yaaes 10 1ieu wuin mslileduvidnzneudinmsasilidnnuiagean 29.83 Awlesu luveiinisliedunidyaln
Sawanazodunidyaldfouliidunaleslidamnuuansaiumeada egluris 22.50-24.83 Awiosiu (Table 4)

Table 4 Plant height and number of branches of Robusta coffee intercropped with rubber trees at 0, 3, 6 and 10
months after the experiment

Organic fertilizers Plant height (cm) Number of branches

(branches/plant)
0 3 6 10 0 3 6 10
month months months months months months months months
Bio-sludge pellets 214.88  221.88° 237.00° 240.00° 175  24.88° 2833  29.83°
Chicken manure pellets 220.50  270.25"  294.00°  298.33° 1.50 2238° 2350  24.83°
Vermicompost 200.75  219.38°  229.67° 236.67° 150 17.13°  2017°  22.50°
F-test ns * * * ns * * *
CV. (%) 16.33 6.89 6.99 4.66 6.20 18.92 9.38 13.02

Different letters were significantly different by DMRT; ns = not significant at P>0.05; * = significant at P<0.05
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frunnudeslu Usinanaslsiladie aaslsiladd aaslsiladnmun wazualsiivosslulununlsdanm 918 3
U filssuleduvadanatuignimmiuenanst o1g 15 Y wudn newinsmaaes (0 1fou) Slilnuuandnafuniseda of
Tu13 39.91-42.90, 21.78-23.96, 11.80-12.92, 33.62-36.97 uaz 1.30-1.43 Hadnsuman1s10sUALAT A1UE16U (Table 5
and Table 6) wdavin1svaaes 3 weu wuin nsliledunidnzneudinmdadin Juuiliulidsieg gegn fe 49.09,
29.19, 15.42, 44.93 uag 1.80 HadnFusomsaauiiuns mua1du uildiianuwandimsadadunisliddeyaldineu fe
47.49, 27.80, 14.77, 42.82 Uaz 1.70 AadnTusons10wuFAUAT aud iy (Table 5 and Table 6) daunsldledunidya
Tnsauin Tanudelu Ysinueaslsiiadie aaslsiladd raslsiladianun LLﬁzLLﬂIiﬁuaam“luIUﬁﬂqm fla 44.11, 25.12,
13.44, 38.72 uay 1.52 Jaansumams1asufins nua1au (Table 5 and Table 6) #84¥11n151AA84 6 LADU WU AN
Ferlu Yununaslsiladie naslsiladd raslsiladnmun uazualsiivesslulununlstan Sldanuunnsnafiumseda
ag/lura9 51.63-53.17, 31.30-32.64, 16.45-17.08, 48.15-50.18 Uay 1.94-2.04 Hadn3usonsnueufiuns auaiu (Table
7) ndsinsnaass 10 weu wud nsldledunidyalndadinliirisiieg aan Ao 51.82, 31.41, 16,51, 48.32 uaz 1.95
fiadnSusiensaeuRuns muaau wiliianuuansissadadunsledeyaldsieu Aa 51.65, 31.24, 16.43, 48.06 uay
1.93 1a8n3UADANTINTUALLAT A1UA1GU (Table 5 and Table 6)

Table 5 Leaf greenness, and total chlorophyll content of Robusta coffee intercropped with rubber trees at 0, 3, 6
and 10 months after the experiment

Organic fertilizers Leaf greenness (SPAD unit) Total chlorophyll content (mg/cm?)
0 3 6 10 0 3 6 10
month months months months months months months months
Bio-sludge pellets 42.90 49.09° 53.17 48.42° 36.97 44.93° 50.18 43.77°
Chicken manure pellets 40.90 44.11° 51.63 51.82° 34.73 38.72° 48.15 48.32°
Vermicompost 39.91 47.49%° 52.70 51.65° 33.62 42.82%° 49.51 48.06°
F-test ns * ns * ns * ns *
C.V. (%) 12.03 14.82 9.82 3.92 12.45 13.45 14.19 5.84

Different letters were significantly different by DMRT; ns = not significant at P>0.05; * = significant at P<0.05

Table 6 Chlorophyll contents and carotenoids of Robusta coffee intercropped with rubber trees at 0, 3, 6 and 10
months after the experiment

Organic Chlorophyll a (mg/cm?) Chlorophyll b (mg/cm?) Carotenoids (mg/cm?)
fertilizers 0 B 6 10 0 B 6 10 0 3 6 10
month  month month month month month month month month month month month
Bio-sludge 23.96 29.19° 32.64 28.41° 12.92 15.42° 17.08 15.10° 1.43 2.04 2.04 1.73°
pellets
Chicken 22.50 25.12° 31.30 31.41° 12.17 13.44° 16.45 16.51° 1.35 1.94 1.94 1.95°
manure pellets
Vermicompost 21.78 27.80% 32.19 31.24° 11.80 14.77%° 16.87 16.43° 1.30 2.00 2.00 1.93°
F-test ns * ns * ns * ns * ns ns ns *
CV. (%) 12.56 13.12 14.38 5.82 12.13 13.05 12.79 5.15 12.38 16.72 16.72 6.80

Different letters were significantly different by DMRT; ns = not significant at P>0.05; * = significant at P<0.05

TudunandavesniunlsUan waaihnsmaaes 10 wWeu wuin nslddedunidyalndadalivuiananiulnggn
o faruniima 15.48 fadiuns eugnana 17.97 Saduns wazmiinua og7 2.43 n3udena sesasn Ae Msldte
urEgnznauinnimdaidn fanuntiona 14.86 fadiwns ermenna 17.89 Sadums uastiudneg 087l 2.16 n3usiona
wazn1slideyaldifou fauniiawa 14.66 daduns ANe1Ina 16.88 Taduns wazthmiineg ogil 2.05 nfusiona
(Table 7, and Figure 2)
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Table 7 Fruit width, fruit length, and fruit weight of Robusta coffee intercropped with rubber trees at 10 months

after the experiment

Organic fertilizers Fruit width (mm) Fruit length (mm) Fruit weight (g)
Bio-sludge pellets 14.86" 17.89° 2.16°
Chicken manure pellets 15.48° 17.97° 2.43°
Vermicompost 14.66° 16.88° 2.05°
F-test * * *

CV. (%) 3.74 3.43 9.92

Different letters were significantly different by DMRT; * = significant at P<0.05

Figure 2 Characteristics of Robusta coffee cherry treated with organic bio-sludge

pellets (a), chicken manure pellets (b), and vermicompost (c).
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