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Abstract. This study was conducted to examine the effect of humidification and shading during cutting propagation
on growth and development of strawberry (Fragaria x ananassa Duch.) ‘Machyang’ plants at a propagation stage.
The runner cuttings were stuck on Nov. 23, 2017 in propagation benches set in a Venlo-type glasshouse. Four shad-
ing treatments, no shading (control, C), 55% shading with white lawn (W55), 55% black shading net (B55), or 100%
black plastic film (B100) with either an intermittent fog system (H) or without fog system. The shading and fog sys-
tems were removed 2 weeks after sticking of strawberry cuttings. A nutrient solution for strawberry, which was
developed by Yamazaki, was supplied once a day with electrical conductivity (EC) 1.6 dS‘m™ and pH 5.8. Growth
parameters such as plant height, longest root, crown diameter, leaf chlorophyll, leaf area and fresh and dry weight
were measured at 7 days and 26 days after sticking. There was no significant difference in growth of above-aerial
part of strawberry. The overall growth of the strawberry roots was better grew by providing fog than that not provide
fog. The root fresh weight and root dry weight after 26 days after sticking of strawberry cutting was the best in the treat-
ment that provided fog system without shading (CH). The longest root after 26 days after sticking of strawberry cutting
was the best in the treatments that provided fog system with either 55% white lawn (W55H) and 55% black shading net
(B55H). These results suggest that morphogenesis of these plants were affected by humidification and shading types. In
a broader perspective, these results can be used to optimize studies of other crops grown from cuttings.

Additional key words : cutting propagation, light intensity, relative humidity, strawberry, humidification
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Fig. 1. Experimental diagram of cutting propagated strawberry
affected by humidification, shading level and shading materials.
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Fig. 2. Changes in daily mean air temperature (A) and relative humidity (B) in each treatment.

Table 1. Growth parameters of ‘Machyang’ cuttings as affected by humidification, shading level and shading materials measured at 7

days after sticking (Nov. 29, 2017).

Fogging Shading type”  Crown diameter Plant length Longest root length Shoot fresh weight Shoot dry weight
(A) (B) (mm) (cm) (mm) @ @
C 7.9+0.6 2* 22.2+1.1 24.5+0.7 c-e 43+2.8 1.95+0.6
W55 7.4+1.0 a 23.2+0.6 22.2+1.8 de 40+1.1 1.85+0.3
No fogging
B55 7.8+0.6 a 24.5+1.3 17.4+12 e 38+1.7 1.53+£0.3
B100 9.0£0.5 a 20.6+0.8 31.241.1 cd 36+0.9 1.39+0.2
C 9.4+0.8 a 21.9£1.0 35.0+1.5 be 44425 2.08+0.6
W55 9.5£0.5 a 22.4+0.6 44.4+1.8 ab 48+1.7 2.14+0.4
Fogging
B55 8.8+0.4 a 26.6x1.1 473+1.1a 46+1.6 1.98+0.4
B100 10.1+£0.7 a 23.3£1.1 50.0£1.6 a 48+2.2 1.93+0.4
A * NS ok NS NS
F-test" B NS NS NS NS NS
AxB NS NS NS NS NS

“The shading types were C, no shading; W55, white lawn provided by 55% shading; B55, blackout provided by 55% shading; B100,

black polyethylene mulching provided by 100% shading.
*Mean separation within columns by DMRT at P < 0.05 (n=3).

NS, *, #* *** Nonsignificant or significant at P<0.05, 0.01, or 0.001, respectively.
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Fig. 3. Root fresh weight (A) and dry weight (B) of ‘Maehyang’ cuttings as affected by humidification, shading level and shading materi-
als measured at 7 days after sticking. (See Fig. 1 for details on the treatment). Data are the mean + S.E of the 3 biological replicates.
Means accompanied by different letters are significantly different (P < 0.05) according to the duncan’s multiple range test at 5% signifi-

cance level.
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Fig. 4. Effect of ‘Maehyang’ cuttings as affected by humidification, shading level and shading materials measured at 7 days after stick-

ing. (See Fig. 1 for details on the treatment).
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Table. 2. Leaf morphogenesis of ‘Maehyang’ cuttings as affected by humidification, shading level and shading materials measured at 7

days after sticking.

. Shading Leaf
Fogging type® - - y
(A) Length Width Area Thickness Chlorophyll SLA Number
® (cm) (cm) (cm*/plant) (mm) (SPAD) (g/cm?)
C 8.240.5 14.3+0.9 193+0.6 0.43+0.1 52.0+1.0 a* 101£1.3 3.3+0.4
. W55 7.840.8 14.3+0.3 189+1.8 0.37+0.1 46.0+0.8 b 103£2.1 3.0+0.0
No fogging
B55 8.7+0.4 15.2+0.8 164+3.2 0.40+0.1 46.8+1.1b 108+1.4 2.7+0.4
B100 7.8+0.4 13.6+0.7 156+1.8 0.38+0.1 49.2+0.7 ab 112+1.7 3.0+0.6
C 8.1+0.6 15.2+0.6 189+4.8 0.44+0.2 53.5+1.1a 95+2.6 3.0+0.6
Fosei W55 8.2+0.6 14.4+0.7 22343.3 0.38+0.1 50.2+0.9 ab 106+2.0 3.7+0.4
oggin
seine B55 8.4+0.7 14.3+0.2 215+3.5 0.42+0.2 522+1.4a 108+1.1 3.3+0.4
B100 7.7£0.7 14.0+0.9 186+3.9 0.44+0.2 50.4+0.4 ab 99+2.4 3.3+0.4
A NS NS NS NS * NS NS
F-test™ B NS NS NS NS NS NS NS
AxB NS NS NS NS NS NS NS

“The shading types were C, no shading; W55, white lawn provided by 55% shading; B55, blackout provided by 55% shading; B100,
black polyethylene mulching provided by 100% shading.

YSpecific leaf area, leaf dry weight/leaf area.

*Mean separation within columns by DMRT at P < 0.05 (n=3).
“NS, *, ** *** Nonsignificant or significant at P < 0.05, 0.01, or 0.001, respectively.

Table 3. Growth parameters of ‘Maehyang’ cuttings as affected by humidification, shading level and shading materials measured at 26

days after sticking (Dec. 18, 2017).

Foggng  SMSUPE g | P Uit ongspeiok wegh | weght
(mm) (cm) (cm) @ @
C 9.9+0.9 30.8+0.7 10.5+0.7 cd” 14.6+0.8 ab 9.9+0.8 a-c 2.5+0.4 be
No fogging W55 9.8+0.6 31.4+0.5 12.3+0.3 a-c 14.4+0.6 ab 9.740.7 be 2.4+0.4 be
B55 9.9+0.5 31.4+0.7 11.9+0.3 be 14.2+0.8 ab 12.34+0.7 a-c 2.9+0.2 ab
B100 8.310.6 30.7+0.5 8.8+0.4 d 15.7+0.6 a 9.4+0.5 ¢ 2.1+40.2 ¢
C 10.5+0.5 31.9+0.9 14.2+0.9 ab 14.3+0.9 ab 13.1£1.1 ab 33+0.5a
Fogging W55 9.4+0.6 30.9+0.2 14.6+0.5 a 11.8£0.5b 9.1£0.7 ¢ 2.1+40.4 ¢
B55 11.2+0.4 32.6+0.6 14.8+0.7 a 15.3+0.7 a 13.3+0.8 a 3.0£0.3 ab
B100 9.8+0.5 31.7£0.5 14.0+0.9 ab 16.8+0.7 a 10.3+0.6 a-c 2.4+0.3 be
A NS NS HAk NS NS NS
F-test™ B NS NS NS * * *K
AxB NS NS NS NS NS NS

“The shading types were C, no shading; W55, white lawn provided by 55% shading; B55, blackout provided by 55% shading; B100,
black polyethylene mulching provided by 100% shading.
YMean separation within columns by DMRT at P < 0.05 (n=3).
NS, *, ** *** Nonsignificant or significant at P < 0.05, 0.01, or 0.001, respectively.
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Fig. 5. Root fresh weight (A) and dry weight (B) of ‘Machyang’ cuttings as affected by humidification, shading level and shading materi-
als measured at 26 days after sticking. (See Fig. 1 for details on the treatment). Data are the mean + S.E of the 3 biological replicates.
Means accompanied by different letters are significantly different (P < 0.05) according to the duncan’s multiple range test at 5% signifi-
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Fig. 6. Rooting and growth of ‘Maehyang’ cuttings as affected by humidification, shading level and shading materials measured at 26

days after sticking. (See Fig. 1 for details on the treatment).
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Table 4. Leaf morphogenesis of ‘Maehyang’ cuttings as affected by humidification, shading level and shading materials measured at 26
days after sticking.

Fogging Shadil;g Leaf v
(A) type Length Width Area Thickness Chlorophyll SLAY Number
B) (cm) (cm) (cm?/plant) (mm) (SPAD) (g/em?)
C 8.8+£0.6 a* 6.1+0.5 a 207+£2.9 be 0.79+£0.2 a 46+0.6 82+1.3 3.0+0.0
No fogging W55 8.6+0.5 a 5.740.3 a 193£2.6 ¢ 0.75+0.2 ab 47+0.3 80£1.2 3.0+0.0
B55 8.5+£0.5a 5.6£0.5a 263+3.8 ab 0.70+0.2 a-c 50+0.5 88+1.8 3.3+£0.4
B100 8.5+t0.4 a 5.8+£0.0 a 190£1.9 ¢ 0.73+0.1 a-c 50+0.9 87+1.2 3.0+0.0
C 83+£0.5a 5.8£03 a 262+4.2 ab 0.74+0.1 a-c 49+1.2 78+0.2 3.3+£0.4
Fogging W55 7.5£0.4 ab 5.3+0.4 ab 185+£2.9 ¢ 0.58+0.1 ¢ 47+0.6 89+2.0 3.0+0.0
B55 8.5+0.5 a 5.740.4 a 291444 a 0.63+0.1 be 46+0.9 94+1.8 3.3+0.4
B100 6.4£0.3 b 45402 b 209+3.2 be 0.61+0.1 be 47+1.0 86x1.5 3.0+0.0
A *ox * NS *E NS NS NS
F-test" B * NS ok NS NS NS NS
AxB NS NS NS NS NS NS NS

“The shading types were C, no shading; W55, white lawn provided by 55% shading; B55, blackout provided by 55% shading; B100,

black polyethylene mulching provided by 100% shading.
YSpecific leaf area, leaf dry weight/leaf area.
*Mean separation within columns by DMRT at P < 0.05 (n=3).

NS, *, ** *** Nonsignificant or significant at P < 0.05, 0.01, or 0.001, respectively.
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