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Abstract: The purpose of this study was to study suitable physical properties of growing substrate on
actual cannabis evapotranspiration and reference crop evapotranspiration for calculating cannabis
water use coefficient. The results revealed that the growing substrate blending between peat moss:
perlite: vermiculite (50: 25: 25) percentage by weight gave suitable of water drainage amount for
cannabis growth. Additionally, the cannabis water coefficient different initial (5-6 weeks), vegetative (7-16
weeks) and reproductive stages (17-21 weeks) were adjusted 3.34, 6.08 and 10.6 respectively. It was
corresponding with the cannabis growing such as plant height, canopy width and stem width
increasing at initial stage were 40.6, 25.3 and 3.2 cm, respectively, following with the vegetative
stage were 135.8, 96.1 and 12.6 cm, respectively, as well as the reproductive stage were 187.4,
126.4 and 18.4 cm respectively. Based on the results of water balance equation of actual cannabis
evapotranspiration and reference crop evapotranspiration by using Penman-Monteith equation were
2,323.4 and 337.5 mm respectively.

Keywords: cannabis water requirement, growing substrate, greenhouse
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Figure 1 Schematic diagram of the current understanding of cannabis water stress response including conflict response
or those the lack evident are indicated by a question mark.
Caution: Gill et al. (2023)
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Figure 2 Growing substrate were compacted with cores by gravimetric method after that saturated with water for 1 hour.
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Figure 3 Measurement the amount of dralned water and the weight of dramed growing substrate to calculate for the

field capacity (FC).

Figure 4 Calculation for permanent wilting point (PWP) by compressing the growing substrate in the 15 atmospheres

condition until finishing of the draining. Then, the samples were dried up at 60°C for 3 days.
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Figure 5 Measurement the growing substrate moisture change, amount of drained water and watering amount were

monitored every day. Plant characteristics as height, canopy width and stem diameter were measured every week until

plants were harvested.
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Table 1 Physical properties of growing substrate for cannabis cultivation in this study.

Growing substrate ratio % FC" % PWP” % WHC” BD" % Water Drainage

(Peatmoss: Perlite: Vermiculite)  (by weight) (by weight) (by weight) (gcm?® (by weight)
(100:0:0) 84.2+0.3% 62.8+0.6 21.4 +0.5a 0.15+£0.002 15.8+£0.3
(50 : 25 : 25) 83.1+£0.5 65.3+0.8 17.8+0.7b 0.16 = 0.004 16.9+0.5
(60 : 20 : 20) 84.0+£04 624 £0.7 21.6 £0.3a 0.14 £ 0.002 16.0+x0.4
(70:15:15) 83.9+05 64.0+£1.7 19.9 £ 1.4ab 0.15+£0.002 16.1£0.5

F-test (df error=16) 1.31 1.34 4.23% 2.33 1.35

% CV 1.10 3.93 9.33 4.27 5.70

"FC = Field capacity. ¥ PWP = Permanent wilting point. ¥ WHC = Water holding capacity (FC-PWP). *BD = Bulk density.

¥=Means + S.E (n = 5) were compared by LSD method and * significant at 95 %
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Table 2 Weather data in greenhouse after cannabis were planted.

Avg. Avg. Avg. Avg. Avg. Avg. Sum.
Week Max.Temp  Min.Temp RH Wind Sun light ETo ETo
°c) c) (%) (m.s™ (hours) (mm.day’)  (mm.week)
5 (13-19 Sep. 2022) 8738 27.9 59.0 0.07 2.7 3.0 21.1
6 26.1 23.0 66.6 0.01 1.3 25 17.3
7 35.0 27.0 67.0 0.01 2.2 2.7 18.8
8 37.7 26.2 67.7 0.03 3.3 3.0 21.1
9 39.6 251 59.6 0.03 45 3.2 22.6
10 40.7 24.7 56.0 0.00 5.6 3.4 23.4
11 40.3 25.2 541 0.00 5.6 3.2 22.5
12 40.9 22.3 49.4 0.00 6.4 3.2 22.2
13 40.9 24.7 52.3 0.00 53 3.0 211
14 39.6 251 68.3 0.00 3.4 2.7 18.6
15 38.0 255 66.4 0.00 1.8 2.2 15.2
16 33.8 255 66.6 0.01 4.9 2.7 19.0
17 32.4 24.6 65.1 0.00 6.6 2.9 20.5
18 29.0 20.9 59.6 0.00 9.2 3.0 21.2
19 30.0 20.9 57.4 0.00 6.9 2.7 18.6
20 36.6 20.4 52.3 0.00 5.7 2.6 18.3
21 (3-9 Jan 2023) 38.0 23.5 44.9 0.00 3.6 2.3 16.0
Pearson’s correlation 35 % 12 % -18 % 23 % 50 % with summation ETo

(n=17)
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maaen (2565) nanadnlnasialufeiyanly
LLﬂmﬂ@JﬂﬂnmLm:rmmﬁm’mﬁ’f@mf]iﬂ?mmfﬂ
Lﬁ@mﬂ@?mﬁuimmﬁﬂ 500 19 600 AARLUAT
AaggnNIalgn 9047 Scordia et al. (2022) o
ﬁm:mmwﬁmmmﬁﬁmmmwﬁuﬁ: Futura 75
war Futura 83 luwdavdgnaninannia
wRmesisilon Ussmdrs Spaudaaniminges
Arygneglugae 100 D4 400 HaduAIFAaOANIA
Ugn #eaARAaiU Tang et al. (2018) NAADY
mfmm’f@qmiﬁ’]ﬁmmmﬂﬁui Futura 75 1y
wlastlgnaninaniAlnaugy UssmAdnia
aglutdag 250 D4 450 HadumIsaggnIaLlgn
?QQJ%\? Cosentino et al. (2013) ﬁwumwﬁmmi
ﬁﬁzymmﬂﬁuﬁf Futura 75 Tuutlasdgnanan

Table 3 Water balance of cannabis.

anAwAwafiatulszmabang agflutas 140
04 370 HaAwATsangn1atlgn waTARILARY
iU Campbell et al. (2019) ANHIANFBINIS
ﬁw@ﬁmmmﬂﬁuﬁ Ferimon 12, Diana uag
Carmaleonte huutladlgnaninainiAuiaiag
dszinaanigaindng aglutae 200 09 450
Hadalumsriannniatlgn
Tnaaginsgninymnluaninudasilgn
nemsnsusiavilszma laun asawmsiae glsl 8ma
A9N0E LAZANIFAINTNN ﬁmmﬁmmiﬂjﬂﬁmm
paaAdnTasLALTRLsEun 550, 348, 297,
600 WA 530 04 690 NARLUAT ANNATAL (Struik
et al., 2000; Amaducci et al., 2002; Barrett and
Chadwick., 2010; Adesina et al., 2020; Gordon
and Brodick, 2020; Schumacher et al., 2020)

Woek AGI\/H\/@1 DP ) | ) ETc )
(mm.week’) (mm.week) (mm.week’) (mm.week’)
5(13-19 Sep. 2022) 21.8+£1.8 25+04 49.3 68.6 £1.9
6 201+£1.9 46128 49.3 64.8+1.0
7 31.4+£39 6.0+22 49.3 747 £4.7
8 -35.2+3.3 6.0+1.3 98.6 57.4 3.1
9 -40.2+4.3 26+05 98.6 558+4.2
10 -10.0+1.7 3.5+0.3 98.6 85.1+1.7
11 -5.1+£0.7 13.9+1.2 112.7 93.7+£1.8
12 42+1.0 325+28 197.2 168.9 £ 3.0
13 -43.3+14.3 15.0+25 197.2 138.9+14.0
14 20.6 £2.0 36.1+£5.8 197.2 181.7£5.3
15 13.0+£2.0 11529 197.2 198.7 £ 2.1
16 -13.5+1.7 50+ 1.3 197.2 178.7 £ 2.1
17 -1.4+1.7 128+ 14 197.2 183.0+ 2.6
18 119+32 12723 197.2 196.4+£2.9
19 -0.8+£1.6 54+15 197.2 191.0+1.9
20 328+29 155+£25 197.2 2145+ 3.4
21 (3-9 Jan 2023) 271.3+£3.7 53.0+£ 8.0 197.2 171.5+£85
Summation 33.6 238.6 2,528.4 2,323.4
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Figure 6 Actual crop evapotranspiration (ETc) of cannabis grown under well watering for 21 weeks.
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Table 4 Crop water coefficient (Kc) of cannabis were measured and adjusted.

Week ETc . ETo ) Kc-measured Kc-adjusted
(mm.week) (mm.week™) (week) (week)
5 (13-19 Sep. 2022) 68.6 21.1 3.25 3.55
6 64.8 17.3 3.75 3.12
7 74.7 18.8 3.97 2.99
8 57.4 21.1 2.72 3.22
9 55.8 22.6 2.47 3.72
10 85.1 23.4 3.64 4.44
1 93.7 22.5 4.16 5.31
12 168.9 22.2 7.61 6.29
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Table 4 (continued).

ETc ETo Kc-measured Kc-adjusted
Week 4 4
(mm.week™) (mm.week™) (week) (week)
13 138.9 21.0 6.61 7.30
14 181.7 18.6 9.77 8.29
15 198.7 15.2 13.07 9.21
16 178.7 19.0 9.41 9.99
17 183.0 20.5 8.93 10.59
18 196.4 21.2 9.26 10.94
19 191.0 18.6 10.27 10.98
20 214.5 18.3 11.72 10.65
21 (3-9 Jan 2023) 171.5 16.0 10.72 9.91
Pearson’s correlation
(n=17) with ETc 43 % 96 % 95 %
20
18 —g==[c measured ... K¢ adjusted

16
14
12 r=09142

10

Cannabis water coefficient (Kc)
(mm.mm " week")
[ == T N T s

5 & 7 & 9 10

Kc adjusted = -0.0096x" + 0.2503x" - 1.1606x + 4.4671

13 14 15 16 17 18

19 20 21

Weeks (13 Sep 2022 to 9 Jan 2023)

Figure 7 Crop water coefficient (Kc) of cannabis grown under greenhouse condition for 21 weeks.
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Figure 8 Vegetative growth of cannabis grown under greenhouse condition for 21 weeks.
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Figure 9 Fresh and dry weight of cannabis at 21 weeks after cultivation.



16

MNENANFASINHATLATNNIFAANS 8 (2) : 5-18 (2568)

GEM
SAAUANNHAIUNAN ANNAA : LT ladl -

QT a
|
& al

LQ@?N@VL@‘V] NEmINdan 50 : 25 : 25 Lilafiduslag
¥t SAnnusunsalunsssineing uavin
mﬂﬂnLfluf‘mmﬂ@ﬂﬁmmLW@ﬁﬂmﬁuﬂaf‘"mmmi
5L°nm°nfa\mmmﬂumwvmmimmLmu‘imimu
Lu@ﬂmmmmﬂmw 5 UAZ 6 fiAndutls=ania
sl Tsuusaudaieds 3.34 madaeisveznng
Wwsainlanieddunasluiiaanydilanyi
7 B4 16 dany RAede 6.08 uaYsTAYNNg
L@?@Lﬁu‘[muﬁqS'u@'aﬂm@mﬁ@qui’ﬂmﬁﬁ 17
84 21 @i TAnlede 10.6 AUANAL denAdad
ﬁumaﬁm?tyLﬁuimmﬁmmﬁtﬁuﬁu Taun
ANGS AN uazauIARAY iile
r‘ftymmgﬁﬂmﬁﬁ 5 Uz 6 fiARRALWINTL 40.6,
25.3 UWAY 3.2 LHURLNAT mw’w’fmlﬁ@ﬁmm@m
Flaneif 7 B4 16 dilanvi lAaWNGY 135.8, 96.1
WA 12.6 LTUALNAT Lmuﬁfaﬁmmquﬁ”ﬂmﬁﬁ
17 89 21 §aeT BAiede 187.4, 126.4 UAS
18.4 [HURLNAT ANNANAL ﬁiﬁmnmﬁ@gmmmi
zﬁm@ﬁwmmmwﬁﬁLLﬁ@?wmﬁm‘m (ETc)
Lmzmmwﬁwmﬁﬁﬁﬁ”w%q (ETo) aMnaxnIg
Penman-Monteith VN1 2,323.4 WAY 337.5
LAALNAT ANNAIAL

AnAngsNszniA

URUBLANYUITLAIUNINUANILNITNNNT
AUATNINYIANART IRELAZUIANTIN (ANA1.) 7
Tinsatiuayuandszunaidiniunisaniiiunig
A5 lunisll sasiedninmaluladdanin nou
‘f‘ammimwm%ﬂumummuﬁoﬁﬁLﬁumimm@m
FaBAAUNGNIAEUgNIaNIN NauIdEl givanen
NANARUWRUNITARUNITHAANINNNTNEAT NIN
ATINNINBRAT ﬁmﬁumum’?mﬁ@%mmmmﬂu
nssfiunmaaeduaiiifiuesneg

2 a
LAaNA1Ta1NRY
nsun1sunngLnrlnanazn1sunngyniaaen.
2565. ﬂ’]’:’l‘LW’]Zﬂ@JﬂﬁEy‘ﬁ’Wl’]\iﬂ’]ﬁ‘LLWVIﬂi [AFEN

ﬂ’]ﬁ‘LLWVIEIrLLEJuVLVIEILL@%ﬂ’]ﬁ‘LLWVIEIrVI’]\?La‘ﬂﬂ
ﬂﬁ‘z%i"]d@ﬁﬁ’]im's‘ﬁl. 9 ﬁfi’].

NINAITINITNEAT. 2564, ANBNHATNINITNAR
ﬁmqmﬁn&m’] (Cannabis sativa L.) e
Uselaminnanisunneiargnanunass.
NINITINITNEAT NTTNTVNBATUAY
aunand. 152 Wi,

AnINe LANAT. 2546. ADaLAIEHaNITRNS
NIANINTBIAY. ANUnIAaWmMLNiTade
NNTNARNINNNTNBHATNINAITINTIN A,
72 NN,

ik WHE8139 HUNNT Yoiia Laznssann
AnRzyR3. 2564. NsARLAT LT sz Tamd
AINAYTY. FIE9T1UNITANLUDY
wunAnendemalulagqauns. 71 wi,

Allen, R. G., L. S. Perreira., D. Raes. and M.
Smith. 1998. Guidelines for computing
crop water requirement. FAQO Irrigation
and Drainage Paper. 300 p.

Adesina, ., A. Bhowmik., H. Sharma and A.
Shahbazi. 2020. A review on the
current state of knowledge of growing
condition, agronomic soil health
practices and utilities of hemp in the
United States. Agriculture 10: 129.

Amaducci, S., M. Errani and G. Venturi. 2002.
Plant population effects on fiber hemp
morphology and production. Journal of
Industrial Hemp 7: 33-60.

Amaducci, S., M. T. Amaducci., R. Benati
and G. Venturi. 2008. Crop yield and
quality parameters of four annual
fiber crops (hemp, kenaf, maize and
sorghum) in the North of Italy. Industrial
Crops Production 11: 179-186.

Barrett, J. and M. Chadwick. 2010. Ecological
footprint and water analysis of cotton,

hemp and polyester. Cymru, B.D.G.W.



Agricultural Science and Management J. 8 (2) : 5-18 (2025)

17

Campbell, B. J., A. F. Berrada and A. F.
Hudalla. 2019. Genotype with
environment interaction of industrial
hemp cultivars highlight diverse
response to environment factors.
Agrosystem Geoscience Environment
2:180-187.

Chandra, S., H. Lata., I. A. Khan, and M. A.
Elsohly. 2013. The role biotechnology
in Cannabis sativa L. propagation of
phytocannabinoids. Biotechnology for
Medicinal Plants 123-148.

Clarke, R. C. and M. D. Merlin. 2016. Cannabis
Domestication, Breeding History,
Present-day Genetic Diversity, and
Future Prospects. Critical Reviews in
Plant Sciences 35: (5-6). 293-327.

Cosentino, S. L., E. Riggi, and G. Testa. 2013.
Evaluation of European developed
fiber hemp genotype (Cannabis sativa
L.) in semi-arid Mediterranean
environment. Industrial Crop Production
50: 312-324.

Garcia-Tejero, I. F., V. H. Duran-Zuazo., C.
Sanchez-Carnenero., A. Hermandez.,
C. Ferreiro-Vera, and C. Cassano.
2019. Seeking suitable agronomical
practices for industrial hemp
(Cannabis sativa L.) cultivation for
biomedical applications. Industrial
Crop Production 139: 1-8.

Gill, A. R., B. R. Loveys, and J. M. Cowley.
2022. Physiological and morphological
responses of industrial hemp
(Cannabis sativa L.) to water deficit.
Industrial Crop Production 187: 115-
121.

Gill, A.R., B.R. Loveys., T. R. Cavagnaro, and R.
A. Burton. 2023. The potential of

industrial hemp (Cannabis sativa L.)
as an emerging drought resistant fiber
crop. Plant Soil 10 p.

Gordon, S. and R. Brodrick. 2020. A
comparative analysis of cotton and
hemp production in Australia. The
Australian Cotton Grower 4 p.

Lisson, S. and N. Mendham. 1998. Response
of fiber hemp (Cannabis sativa L.) to
varying irrigation regimes. Journal
International Hemp Association 5 (1):
9-15.

Schumacher, A. G. D., S. Pequito, and J.
Pazour. 2020. Industrial hemp fiber: A
sustainable and economical alternative
of cotton. Journal of Cleaner
Production 268: 108-122.

Scordia, D., E. G. Papazoglou, and D. Kotoula.
2022. Toward identifying industrial
crop type and associated agronomies
to improve biomass production from
marginal lands in Europe. GCB
Bioenergy 14: 710-734.

Struik, P., S. Amaducci., M. Bullard., N.
Stutterheim., G. Venturi, and H.
Cromack. 2000. Agronomy of fiber
hemp (Cannabis sativa L.) in Europe.
Industrial Crop Production 11: 107-118.

Tang, K., A. Fracasso, and P. C. Struik. 2018.
Water and nitrogen use efficiency of
hemp (Cannabis sativa L.) based on
whole-canopy measurement and
modeling. Front Plant Science 9: 1-14.

Upton, R., L. Craker., M. Elsohly., A. Romm.,
E. Russo, and M. Sexton. 2013.
Cannabis inflorescence: cannabis spp;
standard of identity, analysis and
quality control. American Herbal

Pharmacopoeia. Scott Valley. California.



18

MNENANFASINHATLATNNIFAANS 8 (2) : 5-18 (2568)

Wilson, H., H. Bodwitch, and J. Carah. 2019. Zheng, Z., K. Fiddes, and L. Yang. 2021. A

First known survey of cannabis narrative review on environmental

production practices in California. impact of cannabis cultivation. Journal

California Agriculture 73: 3. 119-127. Cannabis Research 3: 35-45.



