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This study aimed to investigate the effect of plant spacing on growth, yield, and cannabidiol
content of hemp cultivars EHFGP#1, EHFGP#3, and EHFGP#8 under greenhouse conditions. The
experiment followed a 2x3 factorial arrangement in a Randomized Complete Block Design (RCBD), with
factor A being two plant spacings (0.5x1.0 m and 1.0x1.0 m), and factor B being 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 revealed that cultivar, plant
spacing, and their interaction significantly (p<0.01) affected several morphological and yield characteristics.
For growth traits, cultivars EHFGP#3 and EHFGP#8 grown at the 0.5x1.0 m spacing exhibited the greatest
plant height, averaging 213.57 and 214.13 cm, respectively, whereas cultivar EHFGP#8 grown at the
1.0x1.0 m spacing had the lowest height. Plant canopy diameter varied considerably among cultivars, with
EHFGP#8 showing the widest canopy at both spacings. The largest stem diameter was recorded for
EHFGP#8 at the 1.0x1.0 m spacing, indicating stronger stem development under wider spacing. Plants grown

at 1.0x1.0 m also had significantly greater numbers of nodes (4.00-4.40 per plant) and numbers of
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branches (7.20-8.00 per plant) than those at 0.5x1.0 m. A significant interaction between plant spacing
and cultivar was observed for inflorescence size, with EHFGP#1 at 0.5x1.0 m and EHFGP#3 at 1.0x1.0 m
producing the widest inflorescences (36.37 and 36.29 mm, respectively). For yield attributes, the 1.0x1.0
m spacing resulted in higher fresh and dry inflorescence yields per plant (0.90-1.08 kg and 0.21-0.26 kg,
respectively) than the 0.5x1.0 m spacing (0.52-0.78 kg fresh weight per plant and 0.12-0.18 kg dry weight
per plant). However, the total dry inflorescence yield per greenhouse (160 m?) did not differ significantly
between treatments, ranging from 16.24 to 26.93 kg, indicating that plant spacing did not affect total
yield per growing area. Regarding cannabidiol content, cultivar, plant spacing, and their interaction had
a highly significant effect on CBD concentration. The highest CBD content (14.32%) was found in cultivar
EHFGP#1 grown at 1.0x 1.0 m spacing, followed by EHFGP#3 (12.63%) and EHFGP#8 (10.58%), while
narrower spacing (0.5x1.0 m) resulted in lower CBD contents. Therefore, a plant spacing of 1.0x1.0 m under
greenhouse cultivation was the most suitable for optimizing flower production and enhancing CBD
accumulation, particularly for cultivar EHFGP#1, which demonstrated the highest potential for high-
value compound production. This study provides essential insights for developing production strategies

for high-quality hemp cultivation to support the emerging hemp industry.
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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 greenhouse

Plant spacing Varieties Plant height Plant canopy Stem diameter
diameter
(mxm) (cm) (cm) (mm)
0.5x1.0 EHFGP#1 192.93+7.00ab 127.44+4.74 25.69+0.69bc
EHFGP#3 213.57+13.69a 133.70+5.57 24.04+0.32¢
EHFGP#8 214.13+6.85a 141.37+15.08 25.69+1.42bc
1.0x1.0 EHFGP#1 197.37+11.77ab 133.23+7.35 26.95+1.41b
EHFGP#3 194.83+7.08ab 141.84+4.05 27.74+0.89b
EHFGP#8 180.83+11.21b 149.47+5.84 32.89+1.78a
Plant spacing (A) ** * **
Varieties (B) ns *x *x
AxB ** ns **
CV (%) 5.70 5.50 4.45

ns = non-significant; ** = 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 Multiple Range Test (DMRT) at (p<0.05).
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Table 2 Effect of plant spacing and variety on number of node per plant, number of branches per

plant and inflorescence size (mm) of hemp grown in greenhouse

Plant spacing Varieties Number of Number of Inflorescence
node per branches per size
(mxm) plant plant (mm)
0.5x1.0 EHFGP#1 3.00+0.00 5.20+0.42 36.37+1.02a
EHFGP#3 2.80+0.42 4.60+0.52 33.00+2.19b
EHFGP#8 2.80+0.42 4.80+0.42 31.53+1.28b
1.0x1.0 EHFGP#1 4.00+0.00 8.00+0.00 33.67+0.97b
EHFGP#3 4.40+0.52 7.60+0.52 36.29+1.47a
EHFGP#8 4.00+0.00 7.20+1.03 33.65+0.82b
Plant spacing (A) ** ns
Varieties (B) ns *x
AxB ns **
CV (%) 10.03 10.31 3.67

ns = non-significant, ** = 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 Multiple Range Test (DMRT) at (p<0.05).

¥

dwtinnanantenanansed

ﬁﬂ%ﬁwuiwwqﬂﬁﬁm%wasiaﬁmﬂfﬂwamém
nendeansofuatadiiedAnydnsadd (p<0.01)
ﬁswwqﬂ 1.0x1.0 wns wuinduszesfidimin
HaNARYaRRNEAR A UYINAY 0.90-1.08 Alansusedy
WINNTI7 528 0.5x1.0 WWAT WU 0.52-0.78

Alansustosu WelinsamuagiugLagensnasiu

sENIeaenugLazsrezUgnludanuuanaieiu

Me@dd (Table 3)

duiinnandnvenenuiedodu
f]a%’aé’mazazﬂqﬂﬁﬁm%waﬁaﬁmﬁfﬂmamém

Yanonuisroduognaifeddnybomiaada (p<0.01)

fisvezugn 1.0x1.0 Lums wuindusseeiidimin

NANANTOABNLAINDAUWINNU 0.21-0.26 Dlansusany
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NN szEr 0.5x1.0 WAs Faaiu 0.12-0.18
Alan3usiodu Wefiansansuaeiuduaydvsnaso
sevinamenusuarsrevUanlifinnuwansneiumig
a0 (Table 3) @anAd I UN1TANYIVDY Vanhove
et al. (2011) 5eyi15zozUgniinig 1wy 16 fu
AanTIURT InandndonuginIn1sUanszesda
U 20 AUABANTIUNUAT Lﬁ@&ﬁ]’]ﬂﬂ’]'ﬁﬂgﬂ’i%ﬂ%%@
inliugeduiumnndu Tneemzdasodeauay
Wuf Fevildnandaneduanas Schober et al.
(2024) szyImsUgnluszzninetefiunsau
YonONUBINTUAAZAU LAIRNIZUS A UG 1NUDIAY
vl 099 ldSunanisameonazdnisud sduniely
nsautesndt lununduiunisuanlussesdailv
nnsug wasludiuansvoadud wwalifuindn

YDNBNWINYBIFIUAIANAIDE1TALIY SIUDA Linder

et al. (2022) fimnuinsyezinssswinaduiianniy
dwaliinandndenentaauisiofugiian
iwinnanAndenenuidelsuiou
UadeaussezUgn Jadenuaneiug uaz
Uduiussauseinessesgnuazaneiug Wilisviswa
sounminuandadononuiwiolsaudeu wuindiszes
Uan 0.5x1.0 A3 Suminuandndananusie
TsaSoungseying 16.24-25.67 Alansy uawilszozlgn
1.0x1.0 w3 Shimdnuandateneniiselsudouey
se14 2122-2693 Alansu (Table 3) #isdl naidu
iesanszerUgn 0.5x1.0 WAT WAz 1.0x1.0 WA
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Table 3 Effect of plant spacing and variety on fresh inflorescence yield per plant (kg), dry

inflorescence yield per plant (kg) and dry inflorescence yield per greenhouse (kg/160 m?)

of hemp grown in greenhouse

Plant spacing Varieties Fresh Dry Dry inflorescence

inflorescence inflorescence yield per

yield per plant yield per plant greenhouse

(mxm) (kg) (kg) (kg/160 m?)
0.5x1.0 EHFGP#1 0.52+0.10 0.12+0.02 16.24+2.89
EHFGP#3 0.78+0.27 0.18+0.06 25.67+8.64
EHFGP#8 0.66+0.21 0.14+0.05 19.60+6.47

1.0x1.0 EHFGP#1 0.90+0.22 0.21+0.05 21.22+11.17
EHFGP#3 1.08+0.39 0.26+0.11 26.93+5.20
EHFGP#8 1.03+0.32 0.24+0.06 24.48+5.93

41



Journal of Agricultural Research and Extension 43(2): 33-45

Table 3 (Continued)

Plant spacing Varieties Fresh Dry Dry inflorescence
inflorescence inflorescence yield per
yield per plant yield per plant greenhouse
(m x m) (kg) (kg) (kg/160 m?)

Plant spacing (A) ** * ns

Varieties (B) ns ns ns

AxB ns ns ns

CV (%) 35.44 35.22 34.31

ns = non-significant, ** = 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 Multiple Range Test (DMRT) at (p<0.05).

USuaasuauundlaeea (Cannabidiol: CBD)
Uadeausrergn Jadeauaneiiug uas
UfduiussuseninesvesUgnuaganeniug dawase
USunaansuauundlneeasgaddoddydinneadn
(p<0.01) ﬁswzﬂqﬂ 1.0x 1.0 AT WUIIE18WY

2N o,
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12.63 WWosi1dus way EHFGP#8 11U 10.58
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EHFGP#1 fiAi0d sUTinamsuauundlaeeag v qo
Wity 13.44 \Wesidud sesasunfe EHFGP#3 winiu
13.19 1Uas 1 us uay EHFGP#8 wn1Au 10.51
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s
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)

EHFGP#1 ﬁﬂ@ﬂszazﬂqﬂ 0.5x1.0 4un5 JUSu1euas

4

wauwdlaosawindu 13.44 Wesidud dauaneiug
EHFGP#8 fiUgnita 2 seexign fuiuiaansuauun
Tlaooasiigavindu 1051 uay 10.58 wWesidud
AaIU (Table 4) @9AAABIAUTIBIIUYDY Salentijn
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Table 4 Effect of plant spacing and variety on cannabidiol content of hemp grown in greenhouse

Plant spacing Varieties Cannabidiol
(mxm) (%)
0.5x1.0 EHFGP#1 13.44+0.09b

EHFGP#3 13.19+0.14bc
EHFGP#8 10.51+0.18d
1.0x1.0 EHFGP#1 14.32+0.16a
EHFGP#3 12.63+0.34c
EHFGP#8 10.58+0.21d
Plant spacing (A) **
Varieties (B) o
AxB **
CV (%) 1.82

ns = non-significant, ** = 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 Multiple Range Test (DMRT) at (p<0.05).

#3UNan153Y
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