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Effects of planting density and row spacing on the
growth and yield of industrial hemp

GAO Jinhu, ZHAO Mingsen, FENG Xuping, KONG Jiagian,

MENG Xiaokang, WU Changjuan, KANG Hongmei”
(Institute of Industrial Crops, Shanxi Academy of Agricultural Sciences, Taiyuan 030031, China)

Abstract The aim of this study was to explore a multi-purpose cultivation pattern which can take into account the yield
of hemp straws,hemp leaves and hemp fibers. Two planting patterns.equal row pattern M, (35 cm) , wide narrow row
pattern M, (50 cm+ 20 cm) and three planting densities D, :30 X 10" ,D, :45 x 10*,D, :60 X 10" plants/hm? , were set to
research the effects of densities and row spacing on the agronomic characters, SPAD value, photosynthesis and yield of
a hemp variety ‘Jinma 1. The main findings of the study were as follows. Compared with equal row pattern M, , wide
narrow row pattern M, had obvious advantages in plant height, stem diameter, dry matter accumulation, effective plant
number, SPAD value, photosynthetic performance and yield. The effects of densities and row spacing on the yield of
industrial hemp stalks, leaves and bast fibers were significant: At D, , M, increased the yield by 28.28%,18.65%,
13.81% than M, , respectively; At D,, M, increased 19. 37% ,27.37% .,4.07% than M, and at D;, M, increased
21.55%,16.80% ,5.68% than M, , respectively. The effects of densities on yields were different under different row
spacing configurations: The yield of hemp leaf expressed D; > D; > D, , and the yields of stalk and bark of hemp
expressed D, >D; >D; in My ; The yield of hemp leaf expressed D, >D; >Dj; ,and the yields of stalk and bark of hemp
expressed D, >D, >D; in M, . In conclusion, wide narrow row pattern combining with planting density of 30 X 10* plants/hm?

was optimal for multi-functional planting patterns and the yields of straws, leaves and fibers of industrial hemp could be
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Fig. 1 Daily precipitation and mean temperature in growth period at experiment station in 2017
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Table 1

Variation of plant height and stem diameter under different treatments

cm

B 05-21)

HE K

#(07-20) T2 (08-17)

Ak 33 Seedling stage Fast growing stage Technical maturing stage
Treatment M 2 s Yl MR Yl
Plant height Stem diameter Plant height Stem diameter Plant height Stem diameter
M, D, 19.20+1.55 a 0.43£0.03 a 219+15.34 b 0.80=£0. 04 ab 2634+21.08 b 1.0340.16 b
M, D, 19.254+1.63 a 0.45+0.05 a 229+16.39 ab  0.7840.02 ab 273+£27.35 ab 1.04£0.19 b
M, D; 21.43+1.48 a 0.51+0.03 a 230+17.22 ab  0.74+0.05 b 280418. 26 ab 0.96+0.23 b
M, D, 20.42+1.34 a 0.497£0.05 a 243+19.21 a 0.9440.07 a 314+15.31 a 1.324+0.14 a
M, D, 21.39+1.45 a 0.51+0.04 a 240+18.43 a 0.82+0.04 ab 2894-27.16 ab 1.084+0.12 ab
M, D, 21.58+1.28 a 0.52740.06 a 225+17.45 ab 0.7940.04 ab 271+21.62 ab 1.02+0.13 b

My Fl My 7R 2 FATHEEC B 43 54 35 em FI(50 em=+-20 em) 3Dy Dy Fl Ds 378 3 FiRRRL %5 B 43 501 24 30,45 F 60 J7 Bk /hm? ; T 3

T

Note:M; and M represent different spacing with 35 cm and (50 em—+20 cm) . respectively; Dy, D, and D5 represent 3 planting densities with

30,45,and 60X 10" plants/hm?,respectively. The same below.
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Fig. 2 Effect of different treatments on dry matter accumulation
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Table 2 Effect of different treatments on industrial hemp photosynthetic characteristics

o b/ RALSE/ MIGEE COL W/ MR/
Treatment (pmol/(m + ) (mmol/(m * s)) (pzmol/mol) (mmol/(m * s))
P, Gs C T,

M, D, 15.314+1.23 b 0.2940.02 b 231.75422.59 b 2.92+0.31 a
M, D, 16.9842.07 ab 0.33%+0.04 ab 265.33431. 44 ab 3.1540.22 a
M, D, 14.294+2.28 b 0.2740.04 b 220.36429.49 b 2.80+0.35 a
M, D, 20.88+3.02 a 0.41%0.03 a 294.18+25.54 a 3.65+0.43 a
M, D, 18.2443.21 ab 0.40740.02 a 287.42430.17 a 3.41£0.29 a
M, D, 16.79+3.71 ab 0.35+0.03 ab 244,19433.45 ab 3.227+0.27 a

2.6 AEBEMITHEREX T XK~EMHNE

F &5 Ca) AT Mk KPR T 2 B A 2 30 i )
—ET M, <M,, #FTE M 475l My &
28.28% (D) ,19.37% (D)1 21.55% (D;), 4% kb

HEM A M, D, >M,D, >M,D, >M,D, >M,D, >
M, D, M, D, 1 M\ D, 22 5% @ 3% . BB S 45 A7 I &
FeAT G B A AT T B R L AT E D MDD,
S FBE B . L 5 Ch) BT, Tl KRR T



42 S R EE I N A N i 4

2019 4 55 24 &

BRI R — % ET M, <M., M, /351t M, &
18.65%(Dy),27. 37% (D,) 1 16. 80% (D). M,
g R FEELEHN D >D, >D, .M, FEHN
D,>D,>D,, M,D, M,D, il M,D, 45 M,D,
1M, D, AbBRIE] 22 558 B E K. LUl i, 54
AW T AT IE B e B A e Ak 3
= M,D,,

35000 -

30 000 | a  ab
< 2so00f 4

* 20000 -

FFTE/(kg/hm?)
Dry stem weight

15000 -

10 000

MD, MD, MD, MD, MD, MD
KbFH Treatment

3000

2500

2000

Dry bark weight

152 E/(kg/hu)

1 500

1 000

MD, MD, MD, MD, MD, MD
AbFf Treatment

o3

3 Wit 54

5 FNAT HE G B Eh R AR BROE 8 K20t
FEARDL AN 7= T R AR A Tl KR
— LT R A A s A 2 RO S H A
Y 5E A AT AR X L 38 B Tl KORRAR B b 5 LA 3k 5]
A JRR =5 I HURR B2 = R H Y

Tk KRR A, 25 BEAE 120 X 10" #k/hm?
WA I A B IGR  20K 3k 5 B XS B A
JE R S AP B UIAN E . Struik 255 HF5E R I R
JH T ‘LA it P ORI B A KRN B A= 7= R B Y £ 4
Enio S5 B 5¢ 2 0, R[] %% Ji 5 35 52 i) KRR A 5
SOMRN T 25, BAR R IR = % B AR R RRAR =
ZEOMLR 25 5 UM AR IR B A5 /N . AR IS 2
R, T2 AW W — % A S AT & (M) R

1o AN T AR OR T AT AR (M), 7 R
ZAELTECE (ML), Bk 25 KT 4 0 o B % %
BRI /N . ESATFRE R B S R B D, <D, <<

FH &1 5 Co) TR JRR B2 7= f R R B M AR L
F D,>D, >D,,M, #X F# D, >D,>D,. M, i
M, 43 9 & 13, 81% (Dy), 4. 07% (D,), 5. 68%
(Dy), &b FEHM A M,D, >M,D, >M,D, >
M,D; > M, D, > M, Dy, £ & 4§t & B], M,D, Al
M, D, 8% KT M, Dy, U517 R AR 1L, 9878
17 R AR 32 20 R B2 77 4, ML Dy Ab HURR R 77 R

8000—(h) N a

b
h

)
=

o)}

=

=

(=]
I

W1 H/ (kg/hm?)
Dry laef weight
~
[

S
[«

T

N

=

=

S
T

IR

(=)

=l
e}

w

M'D‘ MlD? MID3 Mle MzDz
KbPH Treatment

E5 &5EX T KEF(a). H(b)FIFE(c)
FEERRm

Fig.5 Effect of different treatments on yield of stem (a),

leaf (b) and bark (c) of industrial hemp
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