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This study investigated the effects of plant spacing on the growth, yield, and cannabidiol (CBD)
content of hemp (Cannabis sativa L.) in an evaporative cooling system greenhouse. A 2x3 factorial
experiment in a randomized complete block design (RCBD) with five replicates was used, with Factor A
consisting of two plant spacings (0.5x1 m and 1x1 m), and Factor B consisting of three hemp varieties
(EHFGP#1, EHFGP#3, and EHFGP#8). This study was conducted at the Hemp Research and Development
Center, Maejo University, Chiang Mai, Thailand. The results showed that plant spacing significantly
affected plant height, stem diameter, number of nodes per plant, number of branches per plant,
inflorescence size, fresh flower yield per plant, dry flower yield per plant, and cannabidiol content. In
contrast, varieties significantly affected plant height, number of branches per plant, and cannabidiol
content. In addition, a significant interaction between plant spacing and varieties was observed for the
number of nodes per plant, number of branches per plant, and cannabidiol content. At the narrower
plant spacing (0.5x1 m), variety EHFGP#3 achieved the greatest plant height, reaching 226.97 cm. In
contrast, the wider spacing (1x1 m) significantly increased stem diameter (27.58-29.48 mm) and

resulted in the highest average number of nodes per plant (5 nodes) and the highest average number
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of branches per plant (10 branches), particularly in variety EHFGP#1. Conversely, the narrower spacing
(0.5x1 m) resulted in lower values for these traits. The 1x1 m spacing produced significantly higher
fresh flower yield (0.71-0.84 kg/plant) and dry flower yield (0.15-0.20 kg/plant) than the 0.5x1 m spacing
(p<0.01). Variety EHFGP#3 grown at 1x1 m spacing showed the highest dry flower yield, reaching 20.81
kg per 160 m2 greenhouse, equivalent to approximately 1,300 kg ha™. A highly significant interaction
between variety and plant spacing was observed for CBD content (p<0.01). Variety EHFGP#1 at 0.5x1 m
had the highest CBD content (15.46%), while EHFGP#8 showed the lowest (10.33-13.48%), indicating
that genetic factors play a major role. Growing hemp at 1x1 m spacing in an evaporative cooling system
greenhouse maximizes flower yield per plant, while 0.5x1 m spacing produces higher CBD content in
variety EHFGP#1. For industrial production prioritizing total biomass, 1x1 m spacing with variety EHFGP#3

is recommended, whereas 0.5x1 m spacing with variety EHFGP#1 is optimal for high-CBD production.
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Table 1 Effect of plant spacing and variety on plant height (cm), plant canopy diameter (cm) and stem

diameter (mm) of hemp grown in evaporative cooling greenhouse

Plant spacing Varieties Plant height Plant canopy Stem diameter
(mxm) (cm) diameter (cm) (mm)
0.5x1 EHFGP#1 207.43+7.10b 130.70+7.83 2571217
EHFGP#3 226.97+9.24a 141.27+4.04 27.89+0.52
EHFGP#8 194.40+8.30b 140.20+6.52 24.62+1.41
1x1 EHFGP#1 161.07+7.95¢ 131.87+8.76 28.39+0.97
EHFGP#3 176.47+3.65C 132.70+6.09 29.48+3.55
EHFGP#8 166.43+10.33¢ 139.20+6.53 27.58+3.95
Plant spacing (A) ** ns **
Varieties (B) ** ns ns
AxB * ns ns
CV (%) 4.62 8.93 10.06

ns = non-significant, ** = Mean there was highly a significant difference. There was no significant difference between identical

letters in the same column (p<0.01) according to the Duncan’s New Multiple Range Test (DMRT) at (p<0.05).
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Table 2 Effect of plant spacing and variety on nodes per plant, number of branches per plant

and inflorescence size (mm) of hemp grown in evaporative cooling greenhouse

Plant spacing Varieties Number of Number of inflorescence
(mxm) nodes per plant branches per plant size (mm)
0.5x1 EHFGP#1 2.00+0.00c 4.00+0.00c 25.71+£1.89
EHFGP#3 2.60+0.00c 4.00+0.00c 27.89+2.86
EHFGP#8 2.00+0.52c 4.00+0.84c 24.62+2.25
1x1 EHFGP#1 5.00+0.00a 10.00+0.00a 28.39+0.80
EHFGP#3 4.00+0.52b 8.00+0.00b 29.48+2.72
EHFGP#8 4.40+0.00b 8.60+0.00b 30.54+2.31
Plant spacing (A) i *% *%
Varieties (B) ns ** ns
A xB *x *x ns
CV (%) 9.64 5.67 10.06

ns = non-significant, ** = Mean there was highly a significant difference. There was no significant difference between identical

letters in the same column (p<0.01) according to the Duncan’s New Multiple Range Test (DMRT) at (p<0.05)
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Alansusdedu eRansuntadofuaeiug oz

v ¢

anSnasiuseninsaeiuguavszezUgn wudnlid

)

o o a

AMULANANIN WD TudNANI9@D® (Table 3)
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¥

UUNHaNAnABNUTIRDAY

a

TaduausvezUgniidvsnasaivtinuanin

@

Aonuitfoduateived A8 imsadf (p<0.01)
flsvozugn 1x1 was wuindussogiddminuann
nenuvslRdeseduviniy 0.15-0.20 Alandusiody
genifiszezUgn 0.5¢1 1wns FanAewiniu 0.08-0.12

Alansusiodu wavidlofiarsandadesuaeniug uas

anSwasiuseniteaeiuguazszesUgn wulnld
ANLANG 1908 19T T ad1A Y N19adf (Table 3)
A0AAABIAUNITINBIIUVY Vanhove et al. (2011)
WuUIIN15URNITEEENINI Ae UTWINAY 16 Fuse
M151905 nandnneduganitn1sugnizuse
fifid sy 20 dusenisauns esannisugn
svezdarhlfivutefuiunnty Tnsowzdadedes
waaziu Suhlinandnsesuanas Schober et al.
(2024) 53711 MsUgnluszeznineteiiunsiam
FOADNVDINTLAAZAU IABANIZUIIMEIUA NUDIAY
desnlsuuaaiismeuasdmaudsdumelunsos
weunin lumenduiumsvanlussezdnviliiinnng
weswasludiuanesdudwaldimindonenui
99d7UA198AAI9EITALIY 5IUAY Linder et al.
(2022) Fieemuisvesisssmiuiinnnty dwald
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dhuinuandnnonueelsaSou

HadedussozUgnilavinaneumiinuanan
nenuiaralseseuegaiiveddaneadn (p<0.05) i
seplan 1x1 WA wuindusseedithiminuandanon
WK Bl3T OUWNAY 15.50-20.81 Alansu u1nndn
282 0.5x1 Wns WAy 11.20-16.24 Alansu (Table 3)
#OnAABIAUNITII8UTDY Malik et al. (2025) WU
15U nluWesit i szuuAIuAY (controlled indoor
chamber) A1Ugnd1ua 9 Fusismsawns inandn
FOADNUWWIFINIINITUGNTIIU 27.5 AUronIIuUns
gt il TudAyvneada ol 0991nnsuy I uA LA
Yfovas Fahlugnsdanneiuauaznsiasauiula
Fvmngentu venani szazUgniindnaninsanany
ey dwalinisudsdumeluwlasugn
anaskasid e on1sWaLIsTUUTINLA A S 9T U 1ile
Nsudnswas sz 1adadevesssezlgnuay
g nuinsesUgnuavaneug idauuananei
eadf ogalsiny aeiug EHFGP#3 ﬁﬂqﬂiwg
1x1 w3 denalifiminuandnnenuisiolsgeian
A9 20.81 AlanJusiolsasou (Table 3)

AMTIHANTNARDINUUTUIURNANTALARN
Tiiiwin madgnigedhulsaSaussuuienuduiuy
sevigin UadusvezUgniidvSnasanandnnonines
wnndaneiug Inenuitadeiumeiiuguazdnina
SseivsrerUgnivaneiug lidwaunnseeg 19l
HedAgymeadia ﬁgﬁmaLﬁaqmmﬂmaﬁuﬁjﬁmmﬁw
lun1snaaes @19Wug EHFGP#L, EHFGP#3 uay
EHFGP#8)  Aalnd @ amnasius nssu 1 eaanniu
mewugTiiRNINNUE sug NI WA umudoya
39 unsfouusy Wrveansuivinisinuns
(Department of Agriculture (Thailand), 2022)

udfen CV(%) vesthmnaandnnonandedy
dminuandanenuisnedy uazimdnuanan
penuriwelsadou wweylusyiuAeuings Jenvasviou
AMAULUFUTIUANETINTIAVBIN TUANA AUaT NS
nIraedenanuoanaywe 9e19lsAnIL Nan1sIATIEI
Fenuansdninavesszezugneg1aivud Ay

VeNGRL

Table 3 Effect of plant spacing and variety on fresh flower yield per plant (kg), dry flower yield per

plant (kg) and Dry flower yield per rai (kg/rai) of hemp grown in evaporative cooling greenhouse

Plant spacing Varieties Fresh flower Dry flower yield Dry flower yield
yield per plant per plant per greenhouse
(mxm) (kg) (kg) (kg/160 m?)
0.5x1 EHFGP#1 0.44+0.13 0.10+0.03 13.44+3.22
EHFGP#3 0.34+0.19 0.08+0.06 11.20+£5.99
EHFGP#8 0.55+0.11 0.12+0.03 16.24+3.22
1x1 EHFGP#1 0.71+0.18 0.15+0.05 15.50+6.57
EHFGP#3 0.84+0.13 0.20+0.04 20.81+0.00
EHFGP#8 0.84+0.15 0.19+0.03 19.58+4.72
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Table 3

(Continued)
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Plant spacing

Varieties

Fresh flower

Dry flower yield

Dry flower yield

yield per plant per plant per greenhouse
(mxm) (kg) (kg) (kg/160 m2)
Plant spacing (A) ol *% *
Varieties (B) ns ns ns
AxB ns ns ns
CV (%) 25.24 28.94 30.41

ns = non-significant, ** = Mean there was highly a significant difference. There was no significant difference between identical

letters in the same column (p<0.01) according to the Duncan’s New Multiple Range Test (DMRT) at (p<0.05).

Ysnuasuauundlaeea (Cannabidiol: CBD)
Uadeausvergn Jadeauaneiug was
UfdunussiuseninessesUanuaganeiugdnasio
USunaansuauundlneeasgadduddydinneadn
(p<0.01) Yadusnuszazugn wuinfiszezugn 0.5x1
wns anefug EHFGP#1 faindsuTinuasuaunn
Tlnooageiigaitiu 15.46 wWosldud sesasnie
EHFGP#3 Wiy 12.66 1Wasidud uaz EHFGP#8
Wity 10.33 Wedidud Aiszezugn 1x1 wns wuin
aneus EHFGP#1 TdnadsuSinamsuauuntlnesa
Wi 14.56 Wesidud seadunfie EHFGP#3 winiu
12.35 \Wodidud uay EHFGP#8 iy 13.48
Wesidud ilofinnsandninasiuszninsszerlgn
wazaneWug wuinaewus EHFGP#1 ugnsves
0.5x1 s JUFmaasuaundlaseagsiigawindu
15.46 Wesldust sesamn anesiug EHFGPA1 Aiugn
ser 1x1 wes JUsunuasuauuidlaesawindu
14.56 Wesldus druaeiug EHFGP#8 Augnszey

a

0.5x1 w5 fivSinaansuaundlaeeasmiigawintu
10.33 1Wasidusd (Table 4) donAd 03 uT189U
Sandhu et al. (2022) 5183171 83 U5 FuAves
AuwUsHuludTuaarswauundlaesaniain
Wwugnssuuazdddosyszua 6 Wesudiduna
nsUNALIRd Bl U MsUgnuasm Il uazissn
Salentijn et al. (2014) s¥y31 Usunaansuauindlasea
wane et ueg1ed Teddyaivarswud 4
fugTuTnALLANAII9RUENTIY WAy de Meijer
et al (1992) 5¥UTIAIIUKANA 1NN UTNTTY
(genotype differences) dnanouTuaazdndu
Yosa1skAuUIduees 1y CBD, THC aghedalau
Turauzdndunils nuseuinUnamsuaun

2

& W a a Ao v Y & o ¢
URUALU U NWULLIIUTUUNTUL DU ﬂ']{LGULlIaWW‘Llﬁq

MimuduieniswinasuauudusealuuIunags

L CD

£ a
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IaLau Weiblen et al. (2015)
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Table 4 Effect of plant spacing and variety on cannabidiol content of hemp grown in evaporative

cooling greenhouse

Plant spacing Varieties Cannabidiol
(mxm) (%)
0.5x1 EHFGP#1 15.46+0.28a
EHFGP#3 12.66+0.36d
EHFGP#8 10.33£0.02¢
1x1 EHFGP#1 14.56+0.37b
EHFGP#3 12.35+0.21d
EHFGP#8 13.48+0.04c
Plant spacing (A) **
Varieties (B) **
AxB **
CV (%) 2.17

ns = non-significant, ** = Mean there was highly a significant difference. There was no significant difference between identical

letters in the same column (p<0.01) according to the Duncan’s New Multiple Range Test (DMRT) at (p<0.05).

#3UNan153Y

n1sugnigyveaneWug EHFGP#1, EHFGP#3
wag EHFGP#8 szyzign 0.5x1 hag 1x1 Lung
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(evaporative cooling system greenhouse) Wu1
szgzUgnuazatenuddinananisiasgiaule
MedugI Handn warUSinansdAguauuilaees
Jadeaussurdgnddninaneninugavesnu
agnafifedfayBa NuUNNsURNIEeLda (0.5x1 Lung)
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W 9T U a'ma'lﬁéfuﬁ’mmﬁmmqaLﬁ'mﬁyuaﬂwﬁ
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1A59a5198 AUl LD USIBWU DNINTARANNALILLIL
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1¥nnmi Fedsmasedminuandanenansiosiu dmidn
NaNARADNUR AR RaenUL M NNANANAB LI
G]'EJIi\‘lL%@uﬁIQQﬂ’J'WEJ’EJ'”I\‘I“ﬁJWLQu A1uUTuEs
wAuw1tlneea Wm'wﬁgaawﬂ’uiuazawzﬂqﬂﬁma
sontsavaualseg edvedAg lavarewug
EHFGP#1 ﬁ‘U%mmmﬂmumﬁiﬂaaaqﬂﬁqﬂﬁgdaaﬂ
srevUan Ae 0.5x1 Wag 1x1 Wns Wiy 15.46 uay
14.56 LUDSLTUS MIUAIAY 5998901AD @18WUT
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maﬂ’uﬁjl,ﬁa’dqﬂiukqﬁauiww‘hmmLﬁul,mussmaﬁu’w
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