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Development of an elevated—-bench hydroponic
system and its media for ergonomic and
environment friendly strawberry cultivation



Al
c!

_,

K

x Z . EoE AR ok R = A

T W _ . oS W B W . T %
M OE ;Oﬁ ZT _#O#l 0 .

[ ) Tome OR oW o B o=
Gl - . - . = - -
%” ur«@raoaﬁwr_%?% = T R d
%wﬂ z I+ Mo E o o %o A Eow
= T OOV ™M 4" OB O T 5w o

0

AN e B X B X

N S woon ®oon
~ ® N W

T o e S

~ 3 B 3 B

B R Ho o

= N o B OB B

"

w

=)

K
s
v g
2 =0
o :
~O i

3
HT ﬂ
H HL
Ho

<473
2 TR A (A F- A d 7] A A A7) s A A
T AlAE AR HFEHUMZ AE Y

=



ur
=

Al =5l A

)
=

EERE

=
=

7 vl

"

)
Hir K
® T

N

53

AF/NLe) 21 2 A

o.

=)

=
[}

o] ZthEE Ao g Fujs7}rt

717F w2 A&l

]

e

9402

A

s

)

o

M
~

L
.

o a2y 27

e zay ¢y slHE

o =& Surt o

of AA, AY 2 A3} 5 AR F

o ol
= -

Ay

Al
2]

1 o1e

3|

A<
a T
Al
=

al

1

-
oas

A Aot Aui A o] sHd o] b

b &) 3

S

25E Yol

o]

el

o7 @o] RFYa Jow g x

olol $-gbe} Aol

aL

g
a

shelut.

3]

=
T

H

ATAE HE R

Im.

ol
o

4 A A7le AA S

1

put
o

g A Ak A A

al

X

i

A Aol ARG AL

ol
;OH

7)o A

7.

o WAE A

2~ %
T8

RN
L

o

|

el ﬂr

H

<

te] &7]

S

o
o

)

ﬁo
B

<
g

0

X
Nr

]

T

o
H

g

H &

)
=

AgaAel uhel @2 WMol EC, pH

BR
o
2

el

o
ee

oz

——
o

B

bo] =79 A

A e)s

ol

e A g

el

—

2. @719 A7 Awf Alzg



O B

27 udsd A '\1*E“94 712AQ M= F2E AAsa tdxe] o

5 okl

A P DA

9] nA5 A Azgel dk APPe =P3 vmEAstn Asg
M= ol A gL RS AP M kolE ARt

o, J

97) w5 A Asge] e Aol gate Asge P, W es
Aofat: 2ZEAE Aol Ao HEABE Fatol Wl Aol g Az
sl o

e ulA & e A

S9A8S Fotol AL ALA W= W HA FRE AL i 54S
shefstglon, o] dolE & olgate] ofzt WAL FH mAL Awstel Ax &
Ao WA e Bak A= d 5 A s

b @ HeAE L AAN B4

9] wAER A A2 R Sgstel AA W Bk AW ASA @
AAA e Eod mF HsAe s

V. @774 23 2 &8 g A9

7 =7l aAds A A7ls AA o H
(1) E7]el 2 AujA] Ak A wiA AF
AA wol AHEHI
FHEE AHEsto] A=
7)ol Age MAE &
A & ol *}ﬁﬂ Hj %] *goﬂf\i‘—f cocopeat M A7} A&, FF W Ao FHo
IV E, S5 HelolE)E o] 83 23 ul x| ol A

perlite, cocopeat, rockwool, %7 181
=
[e)

T 5 S Hd Aels dds

o
-l>
ol
i&
_EL
[\
N f
2
=
ﬁ
o>~
i
K

S
o A ool FrEAS APL Botel BAse] @olo] AFF WP

[e]
e =
(3) %At Bz heat e el s Y
Aol wel s wigee] EC, pH R waAdTe] WatE A5y



B
o
G

o

A

o

dAvO
w

Nlo
B

e

mJ

7] 9]

1]

3|

i

Pseudomonas ol A

H,

X
—_
o

s
ol

ojp

wo@ve) aAde A Al g T

(1) 271 nAd=s4d A A =Fe) 72 8y

7] Au) o=
Fab A AT el A

71w

Fa o $122.2mm x

S

hvA
-

o]

N

)

)

ojefa et

]
ZS]

(2) 7] 1

o]

e ko] 27Hl R ol

A ZEE 200001 Altow F Aol

| 2] <]

@A

Asd

g

bs

}‘\_]:

B

]
ZS|

12 A7 110m7F 7+

9]

H] oL

=
=

JAd L 80m, 110m, 150m

g 3

(3) wjeh Ao]E Al=E) T

BT

Mo

—
1o

A el

S
=

T4 Ay AJ=gl o] uf e

S|
=

o 20%)9) F9AE W
stel Ao 4

]
ZS|

CER SN

e AZEY ]

S

bol whel )

S

SLER

1
[€)

7h

=
=

2 Wge Aol

ol

< €=l
=

(4) wjA2 ] Al

0

g

UNO

3
o
K
o
olo
®
L

s

~

W

ﬂw_wo

ot

<]



—_L
I=]

Al2dllE skl B

1=}
=

7h & Aol A e 2y nAdsd g v

)

.
o

R

@_

i



Summary

I. Development of an elevated-bench hydroponic system and its

media for ergonomic and environment friendly strawberry cultivation

II. Objective and Necessity:

Recently, the number of strawberry farms has been increasing
because the cash-crop ensures stable farm income. However, the supply of
farm labor has been short because of the harsh labor conditions, kneeling or
bending postures due to frequent harvesting, transplanting, removing stolon,
and thinning fruit of low height crop. In order to resolve the problem, an
elevated bench hydroponic system was adopted to the strawberry production.
The system would enable to release painful working conditions as well as to
improve the quality of strawberry.

The system has been widely expanded in Japan and recently adopted
in Korea. In this research, an elevated bench hydroponic system was studied

to develop an ergonomic and environment friendly system and its media.
IIT Contents and Scope

1. Establishment of innovative techniques for the elevated bench hydroponic

system of strawberry cultivation

a. Selection of proper media and estimation of their (quantities, volume) amounts
Proper media and quantity were selected through tests comparing
growth, yield and quality of produce, using media adopted present
hydroponic system.

b. Understanding the characteristics of nutrient absorption in the nutrient
solution circulation system
The characteristics of nutrient absorption were estimated using the
YAMAZAKI n/w method, testing inorganic absorption at growth stages.

c. Establishment of nutrient solution management techniques for various
growth stages and environment conditions Management techniques
of circulating solution were established in the character of strawberry by

tracing the changes of EC, pH, nutrients at the growth stages in the



circulating solution system.

d. Utilization of application techniques of microbes and physiologically
active substance for activating root zone.
Utilizing methods of microbe and PAS were established by estimating
yield and growth when they were treated in the media.

2. Development of an elevated bench hydroponic system for strawberry
cultivation

a. Structural analysis of bed and frame
Fundamental bed structure of the system was designed and the
safety of frame was determined by structural analysis.

b. Ergonomics of the system
The ergonomic height of bed was determined by comparing with
various heights of the system and conventional labor.

c. Supply and recycling system of solution
A recycling system of nutrient solution was developed by testing
performance of a variable control program.

d. Temperature control system of medium
The characteristics of temperature drop for various media and
beds during winter season were estimated and predicted temperature
drops during night

e. Farm application and economical analysis
With the completion of the system, farm application and adaptation

tests were performed and found to be feasible by economic analysis

IV Study results and recommendations for practical utilization

1. Results

a. Establishing the innovative technique for an elevated bench hydroponic
system of strawberry cultivation
(1) Selection of proper media and estimation of their (quantities)amounts
Commonly used media, perlite, cocopeat, rockwool, ricehull and
compound soil were used to select a proper medium by comparing
growth status, yield and fruit quality. Cocopeat medium was found

to be proper for the system and double layered medium (cocopeat a t



the top and perlite at the bottom) showed better results.

(2) Understanding the characteristics of nutrient absorption in the
nutrient solution circulation system

A nutrient element composition was developed based on the
characteristics of nutrient absorption were found using the
YAMAZAKI n/w method, testing inorganic absorption at growth
stages.

(3) Establishment of nutrient solution management techniques for
various growth stages and environment conditions

Management techniques of circulating solution were established in the
character of strawberry by tracing the changes of EC, pH,

nutrients at the growth stages in the circulating solution system.

(4) Utilization of application techniques of microbes and physiologically
active substance for activating root zone.

Utilizing methods of microbe and PAS were established by
estimating yield and growth when they were treated in the media.
Increasing yield was significant for the treat with Pseudomonas

microbe.

b. Development of an elevated bench hydroponic system for strawberry
cultivation
(1) Structural analysis of bed and frame
A V-shaped cultivation bed constructed with styrofoam was
practically feasible in terms of media volume and cultivation. The
span of frame with 22.2x1.2t pipe was safe at the 1.5m.
(2) Ergonomics of the system
Total labor hours were 2000 hrs for both elevated and conventional
cultivating systems. However, the total yield at the experimental
farm, located at Dankye-Ri, was found to be 2.7 times greater than
"check’ farm. Workability for the height of 110cm was the most
proper comparing with the heights of 80 and 150 cm
(3) Supply and recycling system of solution
A recycling system of nutrient solution was developed using a
program maintaining the difference of levels in supply tank and

solution tank (20% of supply tank base area).



(4) Temperature control system of medium

The characteristics of temperature drop were significantly correlated
with the difference between air and medium temperatures for the

both plant and V types of beds. Using the relationship, a temperature
drop model was developed and predicted temperature drops during night.
(5) Farm application and economical analysis

A V-shaped cultivation bed constructed with styrofoam was
performed farm application and adaptation tests were performed

and found to be feasible by economic analysis

2. Recommendations for application

a. A farm policy and extension service should be considered for
supplying an elevated—-bench hydroponic system and its media,
developed in this research

b. Involved manufacturers in this research should be financially

supported to transfer the know—-how and techniques.

_10_
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Table 3-1. Effect of substrate on early growth of strawberries in

hydroponics in greenhouse.

Mean

Growth

stage Substrates No. of Leaf Leaf stalk Leaf
leaf  length(cm) length(cm) — Width(cm)

Perlite 53 16.42 7.56 6.59
Dec. 7 Cocopeat 54 16.31 7.85 6.02
’ Rockwool 5.6 15.14 7.12 5.95
Sawdust 5.3 11.39 5.93 3.7
LSD(p <0.05) NS 1.76 0.85 0.86
Perlite 5.9 16.39 7.66 6.53
Cocopeat 6.1 16.31 7.88 6.18
Dee. 13 pockwool 65 15.44 7.47 6.2
Sawdust 5.6 11.60 5.94 4.08
LSD(p €0.05) 0.7 1.90 0.86 0.79
Perlite 7.2 16.57 8.01 6.53
Cocopeat 7.1 16.98 8.34 6.49
Dec. 20 pockwool 72 15.86 7.76 6.21
Sawdust 7.0 12.28 6.38 4.22
LSD(p <0.05) NS 2.03 1.03 0.82
Perlite 8.3 16.76 8.05 6.54
Cocopeat 8.2 17.01 8.39 6.39
Dec 27 Rockwool 82 15.96 7.90 6.21
Sawdust 7.0 12.87 6.64 4.31
LSD(p <0.05) 0.99 1.96 1.07 0.84
Perlite 9.0 16.96 8.16 6.55
Jan, 3 Cocopeat 8.2 17.27 8.53 6.39
’ Rockwool 8.9 16.81 8.05 6.22
Sawdust 7.8 12.89 6.74 4.32
LSD(p <0.05) 1.23 2.15 1.11 0.88
Perlite 9.3 17.04 8.28 6.61
Jan, 10 Cocopeat 95 17.24 8.55 6.40
' Rockwool 9.6 16.28 8.07 6.23
Sawdust 8.3 12.91 6.8 5.25
LSD(p <0.05) NS 2.18 1.12 NS
Perlite 10.6 17.09 8.35 6.58
Jan. 17 Cocopeat 10.6 17.31 8.73 6.34
’ Rockwool 10.5 16.35 8.23 6.23
Sawdust 9.1 13.07 6.94 4.44
LSD(p <0.05) NS 2.23 1.20 0.81
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Table 3-2. Effect of substrate on fruit quality and yield of

strawberries in hydroponics in greenhouse.

G b Mean
FOWHh o bstrates Fruit Fruit  Fruit  Soluble Zrvsiphe _
stage . . . .. Yield Yield
(S) weight length diameter solids graminis
(®) o (ea/plt) (g/plt)
(g) (mm) (mm) (°Brix) (ea/plt)
Perlite 19.23  50.88 32.09 9.55 0.52 2.47 47.25
] Cocopeat  16.03  46.67 29.34 9.39 0.23 2.57 41.67
an.

Rockwool 1801 4855 31.45 9.31 0.16 3.05 53.21
Sawdust 1651  49.52 30.17 9.88 0.08 1.44 25.86
LSD(p <0.05) NS NS NS NS NS NS 14.12

Perlite 19.81  51.37 31.36 9.29 0.55 3.33 64.98
Cocopeat 1843  50.32 31.04 9.29 0.47 3.72 66.35

Feb. Rockwool 16.8  48.29 30.04 9.79 0.32 3.7 62.3
Sawdust 1354  44.78 27.71 9.75 0.17 3.37 45.35
LSD(p <0.05) 3.74 4.04 2.23 0.47 NS NS 10.15
Perlite 1849  51.97 30.55 9.74 0.62 3.3 60.28
Mar. Cocopeat 1568  48.89 29.16 9.88 0.35 2.81 44.03
Rockwool 14.71  48.69 28.79 9.09 0.37 3.27 4757
Sawdust 1394  48.99 28.08 10.3 0.27 2.87 39.9
LSD(p <0.05) NS NS NS 0.74 NS NS 16.05
Perlite 1875 50.98 31.02 8.71 2.29 6.71 125.5
Apr. Cocopeat  17.01  49.23 30.03 9.02 2.2 742 127.07
Rockwool 14.63  48.02 28.47 9.45 0.98 44 64.36
Sawdust 17.93 5243 29.59 9.29 1.77 5.86 107.54
LSD(p <0.05) 2.32 2.94 1.70 NS NS 2.14 43.43
Perlite 13.83  46.25 28.31 8.61 157 8.97 123.88
May Cocopeat 1347 4564 28.27 8.84 1.37 7.55 102.56
Rockwool 1296  44.48 27.86 9.38 0.7 7.25 94.63
Sawdust  14.01  45.79 28.24 9.1 1.75 8.72 123.81
LSD(p <0.05) NS NS NS 0.54 NS NS NS
Treatment(T) * o o * * NS *
Growth stage(G) * * * * * * *
TG * NS NS * NS * %
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Table 3-3. Effect of substrate on total yield and fruit quality in hydroponics.

Mean
Substrates  Fruit Fruit Fruit  Soluble Erysiphe No. of Yield Total
ie
weight length diameter solids graminis  fruit (e/plt) yield
(@ (mm) (mm) (Briv) (eapl) (eapl) 0  (kg/10a)

Perlite 18.02a 50.29a  30.67a  9.18b 5.32a 24452 440.00a  3520a

Cocopeat  16.12b  48.15b  29.57b  9.28b 427ab 23252 339.94ab  2,879ab

Rockwool  1542b  476b  29.32b 9.2b 2.42b 211a  325.08b  2,600b

Sawdust  1519b 483b  2876b  9.66a 387ab  21.12a 323.12b  2,584b
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Table 3-4. Effect of substrate on late growth of strawberries

hydroponics in greenhouse.
N ¢ Leaf Leaf stalk Leaf Leaf stalk Leaf
Substrates IO’ fo length length width diameter area
e (cm) (cm) (cm) (mm) (mm)
Perlite 26.7 34.03 22.24 7.70 3.74 2078.6
Cocopeat 30.4 32.23 21.31 7.42 3.76 2583.7
Rockwool 27.3 34.23 24.52 7.15 4.00 2092.0
Sawdust 29.9 38.05 24.32 8.51 4.13 3086.0
LSD
NS 5.39 NS 1.04 NS 644.3
(p <0.05)

e Mg Retol ESt mmIE w4
AefolEnth ok FEF AFolont, AR folFt
w9 BE, g, A, 9E L Y BE F FF A% FAA
o7k A A g v %Eg
A, AU, 9E, GUAS nnEuud depolE )

BEFI9) 9%,

Aol A oF3t ok
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Table 3-5. Effect of substrate on early stage growth of strawberries in

hydroponics in plastic house.

. th No. of Leaf Leaf stalk Leaf Leaf stalk
TOW

Substrates leaf length length width diameter
stage

(ea) (cm) (cm) (cm) (mm)

Perlite 3.8+1.0 11.7x1.2 5.3+0.7 4.8+0.8 2.8+0.5
Feb. 5

Cocopeat  4.8+1.3 13.7+1.0 7.2+0.4 5.4+0.4 3.1+0.5

Perlite 45+1.0 129+1.2 6.2+0.6 5.3+0.8 2.9+0.6
Feb. 13

Cocopeat 5.4%0.9 154£1.6 7914 5.8+0.6 3.2+0.5

Perlite 49+0.7 13.6%1.0 6.7+0.5 54+0.5 3.4+0.3
Feb. 19

Cocopeat 5.7+04 16.7x2.1 87+1.2 6.06£0.5 3.54+0.7

Perlite 56+09 14.3+0.7 7.30.5 54+0.4 3.30.2
Feb. 26

Cocopeat 6.5+05 17.1+2.0 9.0+1.3 6.2£0.6 4.0+£0.4

Perlite 6.3+0.8 14.8+0.7 7.6%0.8 55+0.4 3.4+0.3
Mar. 5

Cocopeat  7.0+0.8 17.6%2.1 9.6%1.2 6.2£0.6 4.0+0.7

Perlite 6.6+0.7 15.1+1.1 7.9+0.9 5.3+0.3 3.4+0.5
Mar. 12

Cocopeat  7.1+x0.8 18.2+2.0 10.0+1.0 6.2+0.8 3.8+0.6

Perlite 7.0+0.9 15.1£1.2 7.5%0.8 5.7£0.3 13.4+0.2
Mar. 19

Cocopeat  7.8+0.8 17.9+2.1 9.4+1.3 6.2+0.6 3.80.5

Perlite 77+1.1 15.1£0.8 7.7+0.9 5.6+0.3 3.7£0.3
Mar. 26

Cocopeat 83+0.6 18.1%2.1 9.5+1.3 6.3£0.6 4.0£0.5

Perlite 86+0.9 156=*1.1 8.2+1.0 55+0.3 3.4+0.3
Apr. 3

Cocopeat 9.3x0.7 17.6%2.1 9.8+1.2 6.2+0.7 3.9+0.7
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Table 3-6. Effect of substrates on fruit quality and yield of strawberries in

hydroponics in plastic house.

Fruit Fruit Fruit Soluble ) Total
Growth . . ) Yield )
¢ Substrates weight length  diameter  solids (ea/olant) vield
ea/plan
stage @  (mm  (mm)  Brix) P (g/plant)

Perlite  21.4£2.2 52.0+1.9 31.9+09 99+0.7 4.2+0.8 910.7£27.7
April
Cocopeat 21.7#4.8 52.2+2.2 32.3+3.0 105x05 52+1.0 1,157+41.0

Perlite  19.7+29 496£2.8 31.8+1.8 95%1.3 13.4+1.6 260.9+39.2
May
Cocopeat 19.9+£3.5 495+3.3 31.8£1.9 94406 14.6+2.4 288.4+48.7

Table 3-7. Effect of substrate on the late growth stage of strawberries in

hydroponics in plastic house.

Leaf Leaf
Leaf Leaf Leaf
o. of stalk . stalk
Substrates length widt ) area.
leaf length diameter
(cm) (cm) (mm)
(cm) (mm)

Perlite 29.4+2.6 40.6+1.4 28.3+x14 8.8+0.3 4.2+0.1 3623.0£360.8

Cocopeat 24.6£24 39.0£0.9 26.1£0.9 85+0.8 4.3£0.4 3203.4%£148.3
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Table 3-8. Yamazaki’'s nutrient solution composition for strawberry.

g NO;-N | NHs-N | POsP K Ca | Mg
(me - L™ 5 05 15 3 2 1
o] 2] A Fe B Mn Zn Cu Mo
(mg -L 2 0.2 0.2 002 | 001 | 0.005
AAZO 05 - 08
EC Na71@ 1.0
@dS-mh) | 5373 15
4 7@ 15
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Table 3-9. Experiment dairy in glasshouse

g 2+ A -8 FAFE
8/29 2 FEE I 0.3
10/1 H = H 23] 57 1.0
10/6 B LA 10/28 13} 80% 71 3}A] % 1.0
11/11 T 1.0
11/18 =7] 45+ 1.0
11/5 2319} ) 3FA] 2 12/10 23+ 80% 7 3}~ A 1.0
12/10 = 3} 1.5
12/20 33k 7 8kA] = 1/23 23 331 80% 71 3kA % 1.5
12/20 ok 7k Al F opt 24 U FX7F =oiy 1.5
2/ 5 43P N shA] & 1.2
3/17 T 7t TR

4/8 Wjgd v 24 1.5
5/30 HITE 1.5
ot A3 s

=1
=
A7 Ete] Fopgte] 2k AdisEel WstE gl YEhl AT

r 100
r 80
- g
S =
° -4 T
=2 IS
© =]
5 L oy 2
o g
5 g
— ro 3
o
r 20
O -
—e— Temperature 40
—a— Relative humidity
T T T —T T T T T T T T T 60
11/01 01/01 03/01 05/01
Date

Fig. 3-1. Changes of air temperature and humidity during the
experiment in plastic house.(every 1hours)
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Table 3-10. Effect of substrate on early growth of strawberries

hydroponics in plastic house.

n

. Mean
Growth
Substrates Leaf Leaf
stage No. of leaf length(cm) width(cm)

Perlite 33 a 12.1 ab 5.2 ab
Cocopeat 31 a 136 a 54 ab

Sep. 30 Cocopeat/Perlite 33 a 134 a 58 a
Vermiculite/Perlite 30 a 11.1 ab 45 b
Vermiculite+Rice hulls 29 a 10.8 b 47 b
Perlite 35 a 14.1 ab 6.2 ab

Cocopeat 39 a 174 a 6.7 a
Oct. 07  Cocopeat/Perlite 37 a 15.8 ab 6.0 ab
Vermiculite/Perlite 35 a 14.0 ab 53 b
Vermiculite+Rice hulls 33 a 133 b 54 b
Perlite 4.2 abc 179 b 7.0 ab

Cocopeat 4.3 ab 204 a 78 a
Oct. 14  Cocopeat/Perlite 45 a 179 b 7.3 ab
Vermiculite/Perlite 37 ¢ 154 ¢ 59 b
Vermiculite+Rice hulls 3.9 bc 152 ¢ 6.2 b
Perlite 47 a 18.8 ab 7.3 ab

Cocopeat 47 a 20.7 a 78 a
Oct. 21  Cocopeat/Perlite 49 a 18.0 ab 74 ab
Vermiculite/Perlite 43 a 16.0 b 6.4 ab
Vermiculite+Rice hulls 45 a 164 b 6.4 b

Perlite 51 a 18.7 ab 74 a

Cocopeat 55 a 209 a 78 a

Oct. 28  Cocopeat/Perlite 56 a 18.8 ab 74 a
Vermiculite/Perlite 50 a 16.7 b 6.6 a
Vermiculite+Rice hulls 51 a 16.6 b 6.6 a

Perlite 59 a 19.5 ab 75 a

Cocopeat 6.4 a 216 a 81 a

Nov. 04 Cocopeat/Perlite 6.4 a 19.2 ab 74 a
Vermiculite/Perlite 6.0 a 176 b 6.7 a
Vermiculite+Rice hulls 6.1 a 17.8 b 6.7 a

Perlite 6.5 a 19.6 ab 74 a

Cocopeat 6.9 a 219 a 81 a

Nov. 11  Cocopeat/Perlite 69 a 19.6 ab 74 a
Vermiculite/Perlite 6.3 a 177 b 70 a
Vermiculite+Rice hulls 6.6 a 177 b 6.6 a

Perlite 6.9 a 19.9 ab 76 a

Cocopeat 77 a 219 a 82 a

Nov. 18 Cocopeat/Perlite 74 a 19.9 ab 76 a
Vermiculite/Perlite 69 a 17.7 b 6.8 a
Vermiculite+Rice hulls 71 a 178 b 6.7 a

Perlite 49 b 174 b 69 b

Cocopeat 54 a 20.1 a 76 a

Mean Cocopeat/Perlite 54 a 178 b 70 b
Vermiculite/Perlite 48 b 158 ¢ 6.2 ¢
Vermiculite+Rice hulls 49 b 15.7 ¢ 6.2 ¢

Substrates(S) koK koK otk

Growth Stage(G) ok ok Hkk

S * G NS NS NS
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Table 3-11. Effect of substrate on fruit quality and yield of strawberries

in hydroponics in plastic house.

Mean
Growth . - n -
Substrat
stage orgyes Fruit Fruit Frult g lble solids Yield  Fruit No.
@ weight length diameter (°Brix) (g/plant)  (ea/plant)
(@ (mm) (mm) ep b
Perlite 220 a 54.8 a 315 a 9.3 a 1029 b 50 a
Cocopeat 228 a 55.0 a 326 a 95 a 100.8 b 4.8 ab
D Cocopeat/Perlite 219 a 533 a 318 a 96 a 1170 a 56 a
¢ Vermiculite/Perlite 2.1 a 535 a 326 a 92 a 843 ¢ 41 be
Vermiculite+Rice
229 a 55.9 a 326 a 93 a 82.2 ¢ 38 ¢
hulls
Perlite 183 a 50.4 a 287 a 84 ¢ 137.3 a 77 a
Cocopeat 20.7 a 537 a 30.2 a 9.0 a 84.3 ¢ 46 ¢
Cocopeat/Perlite 219 a 55.3 a 304 a 8.6 bc 1415 a 6.7 b
Jan- yermiculite/Perlite 195 a 521 a 294 a 86 be 1193 b 65 b
Vermiculite+Rice
177 a 50.5 a 285 a 8.8 ab 1137 b 6.5 b
hulls
Perlite 179 b 56.1 b 275 b 8.7 ab 120.6 d 6.7 ¢
Cocopeat 219 a 60.2 a 29.8 a 81 b 1731 a 83 a
Feb Cocopeat/Perlite 209 a 58.1 ab 294 a 92 a 1516 b 76 ab
€b- Vermiculite/Perlite 19.9 ab 572 b 29.1 ab 84 b 1358 ¢ 7.1 be
Vermiculite+Rice
179 ab 57.9 ab 28.4 ab 8.5 ab 1373 ¢ 7.0 be
hulls
Perlite 193 a 55.0 a 29.5 a 87 b 53.2 ¢ 31b
Cocopeat 149 b 50.3 b 272 ab 8.8 ab 62.1 b 40 a
M. Cocopeat/Perlite 18.0 ab 52.8 ab 28.5 ab 8.8 ab 685 a 40 a
ar. Vermiculite/Perlite 16.8 ab 53.0 ab 28.0 ab 89 ab 39.0 d 25 b
Vermiculite+Rice
157 ab 53.8 ab 266 b 9.3 a 64.0 b 39 a
hulls
Perlite 20.3 a 56.4 a 30.8 a 8.8 ab 96.6 a 50 a
Cocopeat 20.1 a 555 a 30.2 ab 86 bc 81.8 b 41 b
A Cocopeat/Perlite 210 a 55.0 a 316 a 85 ¢ 832 b 40 b
Pl Vermiculite/Perlite 178 a 535 a 285 b 90 a 8.4 b 40 a
Vermiculite+Rice
192 a 545 a 29.8 ab 8.6 bc 819 b 45 ab
hulls
Perlite 18.6 bc 53.1 b 313 a 8.9 ab 985 ¢ 53 b
Cocopeat 223 a 56.4 ab 316 a 87 b 1126 b 52 b
M Cocopeat/Perlite 21.2 ab 55.9 ab 30.7 a 91 a 1209 a 58 a
& Vermiculite/Perlite 169 ¢ 571 a 30.7 a 9.0 ab 793 d 46 ¢
Vermiculite+Rice _
19.1 be 53.3 b 30.3 a 9.0 ab 743 e 39 d
hulls
Perlite 19.4 be 54.3 a 29.9 ab 8.8 a 101.5 b 55 a
Cocopeat 20.4 ab 552 a 30.3 a 88 a 1024 b 52 b
M Cocopeat/Perlite 20.8 a 55.1 a 304 a 9.0 a 1138 a 56 a
€N Vermiculite/Perlite 188 ¢ 544 a 29.7 ab 88 a 905 ¢ 49 b
Vermiculite+Rice
19.1 ¢ 54.3 a 29.4 b 89 a 92.3 ¢ 49 b
hulls
Substrates(S) % NS NS NS Hkk Rk
Growth Stage(G) skokok ks skskok skskok skskok skakok
SxG * ok NS Kok EEES EEES
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Table 3-12. Effect of substrate on total yield and fruit quality in

hydroponics in plastic house.

Mean
Substrates Fruit Fruit Fruit Soluple Total _
. . solid . Fruit No.
weigh length  diameter yield
content (ea/plant)
(g) (mm) (mm) (°Brix) (g/plant)
Perlite 194 be 54.3 a 29.9 bc 88 a 609.2 b 32.8 a

Cocopeat 20.4 ab 55.2 a 30.3 ab 88 a 614.2 b 311 b

Cocopeat
/Perlite 208 a 551 a 304 a 90 a 682.6 a 337 a

Vermiculite
/Perlite 189 ¢ 544 a 29.7 ¢ 89 a 543.2 ¢ 296 b

Vermiculite
‘Rice hulls 19.1 ¢ 54.3 a 294 ¢ 89 a 5536 ¢ 295 b

Treatment * NS Kk NS Hskk sk
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Table 3-13. Effect of bed shape on early growth of strawberries in

different growth substrates in plastic house.

Substrat Mean
ubstrates
Bed shape
S Leaf Leaf
) No. of leaf length(cm) Width(cm)
Bio bed 54 189 75
Perlite Normal bed 5.2 195 7.7
LSD(p<0.05) NS NS NS
Bio bed 53 21.2 75
Cocopeat Normal bed 55 20.3 8.1
LSD(p<0.05) NS NS 04
Bio bed 6.5 20.7 3.3
Cocopeat
IPerlite Normal bed 5.0 164 6.3
LSD(p<0.05) 0.8 09 0.4
Bio bed 46 16.1 59
Vermiculite
/Perlite Normal bed 5.1 154 6.0
LSD(p<0.05) NS NS NS
Bio bed 5.1 16.8 6.1
Vermiculite  Normal bed 5.1 15.4 6.1
+ Rice hulls
LSD(p<0.05) NS 1.1 NS
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Table 3-14. Effect of bed shape on fruit quality and yield of

strawberries in different growth substrates in plastic house.

Mean

Substrates :
Bed shape . . . Soluble Fruit
(S) Fruit Fruit Fruit solid YVield No.

ight 1 th di t
wes ene TAMELEr - ontent (g/plant) (ea/plant

(g) (mm) (mm) (°Brix) )

Bio bed 189 537 29.3 89 116.7 6.5

Perlite  Normal bed 196 546 30.2 8.7 1149 6.1
LSD(p<0.05) NS NS NS NS NS NS

Bio bed 212 55.4 30.8 89 110.2 5.4

Cocopeat  Normal bed 194 54.0 30.0 8.6 90.0 48
LSD(p<0.05) NS NS NS NS NS NS

Bio bed 190 539 289 9.0 1089 56

%‘gﬂiﬁt Normal bed 220 56.1 31.2 9.1 1115 5.3
LSD(p<0.05) 25 NS 16 NS NS NS

Bio bed 202 536 312 8.6 84.8 43

Vemniculite Normal bed 176 534 286 9.2 835 49
LSD(p<0.05) NS NS 25 0.4 NS NS

Bio bed 180 534 29.1 9.0 85.2 48

Vermicullte Normal bed 207 557 304 89 1144 57
LSD(p<0.05) 2.2 2.1 NS NS 187 NS
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Table 3-15. Effect of substrate on early growth of strawberries in

hydroponics in plastic house.

Mean
Growth stage Substrates Leaf Leaf
No. of leaf .
length(cm) width(cm)

Rice hulls+Cocopeat 4.4 12.0 55
Cocopeat 5.2 11.9 5.7

October 6
Nursery media 4.7 11.2 5.3
LSD(p<0.05) 0.3 NS NS
Rice hulls+Cocopeat 4.6 15.8 7.1
Cocopeat 4.9 16.0 7.0

October 13
Nursery media 4.8 185 7.8
LSD(p<0.05) NS NS NS
Rice hulls+Cocopeat 5.2 184 75
Cocopeat 55 19.0 7.8

October 20
Nursery media 5.3 214 8.6
LSD(p<0.05) NS NS NS
Rice hulls+Cocopeat 5.0 18.0 7.6
Cocopeat 5.3 184 7.9

October 27
Nursery media 54 215 8.8
LSD(p<0.05) NS NS NS
Rice hulls+Cocopeat 5.8 184 7.6
Cocopeat 59 19.8 7.9

November 3
Nursery media 6.2 22.3 8.7
LSD(p<0.05) NS NS NS
Rice hulls+Cocopeat 6.2 19.7 7.8
Cocopeat 71 20.1 8.0

November 10

Nursery media 6.6 22.5 8.8
LSD(p<0.05) NS NS NS
Rice hulls+Cocopeat 5.2 17.0 7.2
Cocopeat 5.7 175 74
Nursery media 55 19.6 8.0
Mean LSD(p<0.05) 0.4 1.2 04
Treatment NS kk ok
Stage stk seokok stk
Treatment * Stage NS NS NS
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Table 3-16. Effect of substrate on fruit quality and yield of

strawberries in hydroponics in plastic house.

Mean
Gsrt(;\giéh Substrates Fruit Fruit Fruit Soluble No. of Yield per
@A) ( Wel%ht length  diameter %ohds fruit plant
(g (mm) (mm) (°Brix)  (ea/plant) (g/plant)
Cocopeat 21.7 55.9 31.2 11.1 6.5 140.6
Dec Nursery media  25.7 61.2 32.7 11.6 4.7 1214
© Reehuls 210 544 317 111 38 83.7
LSD(p<0.05) NS NS NS NS NS NS
Cocopeat 22.5 56.1 31.2 12.4 3.7 83.4
] Nursery media  27.2 56.8 334 12.6 2.9 79.7
an. Rice hull
fcehul* 201 515 300 126 31 595
LSD(p<0.05) NS NS NS NS NS NS
Cocopeat 25.7 60.0 32.8 119 2.0 49.0
Feb Nursery media  30.9 60.4 35.4 12.2 24 75.8
€b. Rice hull
ficehuls 282 601 322 125 12 337
LSD(p<0.05) NS NS 2.7 NS NS NS
Cocopeat 216 59.1 30.1 11.9 2.6 55.5
M Nursery media  27.1 62.2 41.6 11.3 2.5 68.3
ar. Rice hull
Ricehuls 250 621 331 119 13 32.1
LSD(p<0.05) NS NS NS NS NS 34.0
Cocopeat 18.9 56.0 34.0 10.4 2.1 40.2
A Nursery media  21.6 54.3 30.7 9.8 2.3 52.2
pr. Rice hull
Riceulls 207 564 308 100 18 39.1
LSD(p<0.05) NS NS NS NS NS NS
Cocopeat 28.2 60.9 34.7 10.2 45 126.7
N Nursery media  22.1 56.4 32.1 9.8 6.7 14K8.7
ay Rice hull
Mcehuls 246 582 330 99 56 139.3
LSD(p<0.05) 3.3 3.8 1.4 NS NS NS
Cocopeat 23.1 58.0 32.3 11.3 3.6 82.5
Nursery media  25.8 58.5 34.3 11.2 3.6 91.0
Rice hull
ficehuls 233 571 318 113 28 64.6
Mean  LSD(p<0.05) NS NS NS NS 0.6 179
Treatment(T) % NS NS ootk stk kokok
Growth
stage(G) NS NS NS NS * *
TxG NS NS NS NS * NS
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Table 3-17. Effect of substrate on total yield and fruit quality in

hydroponics in plastic house.

Mean
Substrates  Fruit Fruit Fruit Soluble .. Total yield
. . . No. of fruit
weight length diameter solids (ea/plant) per plant
(g) (mm) (mm) (°Brix) b (g/plant)
Cocopeat 23.1 58.0 32.3 11.3 21.3 495.0
Nursery
) 25.8 58.5 34.3 11.2 21.6 5459
media
Rice hulls
3.3 57.1 31.8 11.3 11.9 387.4
+ Cocopeat
LSD(p<0.06) NS NS NS NS 4.7 149.3
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Table 3-18. Effect of perlite substrate volume per plant on early growth of

strawberries at different growth stage in hydroponics in glasshouse.

Growth Substrates Mean

Stage (\l;olilillgll’?t) No. of leaf Leaf . Leaf
: length(cm) Wldth?cm)
1 Liter 3.8 a 177 b 6.5 a
Sep. 30 2 Liter 35 a 179 ab 64 a
3 Liter 36 a 188 a 6.6 a
1 Liter 43 a 189 a 6.7 a
Oct. 07 2 Liter 44 a 202 a 6.9 a
3 Liter 43 a 204 a 70 a
1 Liter 48 a 192 a 6.8 a
Oct. 14 2 Liter 48 a 20.8 a 70 a
3 Liter 46 a 20.8 a 71 a
1 Liter 54 a 193 a 6.6 a
Oct. 21 2 Liter 56 a 210 a 70 a
3 Liter 54 a 210 a 71 a
1 Liter 59 a 197 a 6.8 a
Oct. 28 2 Liter 6.2 a 214 a 72 a
3 Liter 6.1 a 212 a 71 a
1 Liter 59 b 19.7 a 6.8 a
Nov. 04 2 Liter 6.6 ab 209 a 73 a
3 Liter 6.4 a 20.8 a 72 a
1 Liter 64 a 197 b 6.9 a
Nov. 11 2 Liter 6.9 a 22.2 a 74 a
3 Liter 71 a 21.6 ab 71 a
1 Liter 74 a 202 a 6.9 a
Nov. 18 2 Liter 75 a 223 a 72 a
3 Liter 75 a 213 a 71 a
1 Liter 55 a 193 b 6.7 b
Mean 2 Liter 5.7 a 20.8 a 7.1 a
3 Liter 56 a 20.7 a 70 a
Substrates volume(S) NS okok ok
Growth stage(G) otk otk *

S * G NS NS NS
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Table 3-19. Effect of perlite substrate volume per plant on fruit quality and

yield of strawberries at different growth stage in hydroponics in glasshouse.

Mean
Growth Substrates
stage  (popmsy  Fruit o Frait o Fruit ssgﬁe Yield  Fruit No.
weight length  diameter content  (g/plant) (ea/plant)
(g) (mm) (mm) (°Brix)

1 Liter 183 b 489b 301D 84 a 60.1 b 35 b

December 2 Liter 20.8 a 510 a 317 a 84 a 60.0 b 31c

3 Liter 155 ¢ 464 ¢ 281 ¢ 88 a 64.8 a 43 a

1 Liter 166 a 484 a 275a 9.0 b 83.1 b 51 a

January 2 Liter 173 a 486 a 275 a 93 a 94.4 a 56 a

3 Liter 126 b 434 b 252D 10.2 ¢ 49.7 ¢ 3.8 b

1 Liter 168 a 512 a 285a 9.0 a 89.2 a 53 a

February 2 Liter 154 a 489 a 274 a 94 b 76.7 b 50 a

3 Liter 20.7 a 53.7a 296 a 84 ¢ 718 ¢ 3.7b
1 Liter 172 a 521 a 281 a 77 a 834 a 4.6 ab

March 2 Liter 179 a 537 a 283 a 76 b 64.3 b 3.7b

3 Liter 172 a 501 a 283 a 83 a 85.8 a 5.2 a

1 Liter 16.1 a 5l5a 275ab 80 a 913 ab 59 a

April 2 Liter 16.2 a 513 a 292 a 79 a 929 b 59 a

3 Liter 153 a 501 a 271D 82 a 889 a 58 a

1 Liter 136 a 474 a 265 a 95 a 49.6 b 35 b

May 2 Liter 141 a 487 a 272 a 9.7 a 595 a 43 a

3 Liter 143 a 485a 268 a 94 a 429 b 3.0 b

1 Liter 16.5a 50.0a 28.1ab 8.6a 76.2a 4.6a

Mean 2 Liter 17.0a 50.4a 28.5a 8.8a 74.6b 4.6a

3 Liter 16.0a 48.5b 27.6b 8.8a 66.7c 4.3b

SRS N e e N e
S(t};g;v(gl) s sk s sk s s
S x G s s * * stk sk
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Table 3-20. Effect of perlite substrate volume per plant on total yield and

fruit quality in hydroponics in glasshouse.

Substrates Mean

Fruit Fruit Fruit
volume . . Soluble 4114 Pruit No,
weight length diameter  solids
o (g/plant) (ea/plant)
(2 /plant) (g) (mm) (mm) (“Brix)
1 Liter 16.5a 50.0a 28.1ab 8.6a 456.9a 27.8a
2 Liter 16.9a 50.4a 28.6a 8.8a 4477b 27.6a
3 Liter 16.0a 48.5a 27.6b 8.7a 400.4c 25.6b
Treatment NS NS NS NS H K *
[ E&]
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Table 3-21. Yamazaki’'s nutrient solution composition for strawberry.

= NO;-N  NH+N  PO,~P K Ca Mg

(me - LY 5 05 15 3 2 1

w] 2] A Fe B Mn Zn Cu Mo

(mg - L7 2 0.2 0.2 0.02 001  0.005
CER2A) 05-0.8
EC 7Hst71@ 1.0
@ds-mhH SO 15
7] @ 15

AL 3-3. AE 249 WA F[E n/w A AA
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Fig. 3-2. Changes in absorption concentration of NO3—N

of strawberries in four different hydroponic substrates.
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Fig. 3-3. Changes in absorption concentration of P of

strawberries in four different hydroponic substrates.
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Fig. 3-4. Change in absorption concentration of K of

strawberries in four different hydroponic substrates.
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Fig. 3-5. Change in absorption concentration of Ca of

strawberries in four different hydroponic substrates.
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Fig. 3-6. Changes in absorption concentration of Mg of

strawberries in four different hydroponic substrates.
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Fig. 3-7. Changes in absorption concentration of Fe of

strawberries in four different hydroponic substrates.
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Fig. 3-8. Change in absorption concentration of B of

strawberries in four different hydroponic substrates.
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Fig. 3-9. Changes in absorption concentration of Mn of

strawberries in four different hydroponic substrates.
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Fig. 3-10. Changes in absorption concentration of Zn of

strawberries in four different hydroponic substrates.
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Fig. 3-11. Changes in absorption concentration of Cu of

strawberries in four different hydroponic substrates.
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Fig. 3-12. Changes of absorption concentration of NOz—N of
strawberries in recirculated nutrient solution in glasshouse.

_82_



—e— PO,-P

lon absorption concentration(me‘L'1)
S
1

12/01 01/01 02/01 03/01 04/01 05/01 06/01
Date

Fig. 3-13. Changes of absorption concentration of POs—P
strawberries in recirculated nutrient solution in glasshouse.
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Fig. 3—-14. Changes of absorption concentration of K of strawberries
in recirculated nutrient solution in glasshouse.
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Fig. 3-15. Changes of absorption concentration of Ca of
strawberries in recirculated nutrient solution in glasshouse.
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Fig. 3-16. Changes of absorption concentration of Mg of

strawberries in recirculated nutrient solution in glasshouse.
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Table 3-22. Yamazaki’s nutrient solution composition for strawberry.

NOs:N  NH4-N P K Ca Mg SO4-S EC
(me/?¢) (me/l) (me/¢) (me/?¢) (me/l) (me/¢) (me/#¢) (dSm™)

5 0.5 15 3 2 1 1 0.75
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Table 3-23. Nutrient solution composition by Chiba Prefectural Agriculture
Research Center for strawberry.

A5 NOs-N  NH;-N P K Ca Mg SO4+S EC
e (me/ ) (me/2) (me/¢) (me/2) (me/#) (me/#) (me/2) (dSm™)
A ~ 153 3.2 0.7 2.1 2.1 1.1 0.5 0.5 0.6
AT ~
4.3 09 2.8 2.8 14 0.7 0.7 0.8
HET)A7]
HL2AA7] ~
) 5.3 1.2 36 36 1.8 0.9 0.9 1
7shA1 271
Mer &7 ~
i 6.4 0.7 4.3 5 2.1 1.1 1.1 1.2
FEAIRP]
FEAET] ~
] ) 75 0.8 5 5.8 25 1.2 1.2 14
A eEs]
AsplrdEsnr|~
} 94 09 2.8 6.6 2.8 14 14 14
Faz447]
FAG7 ~rEER 6.7 0.7 2 47 2 1 1 1

_86_



Table 3-24. Nutrient solution composition by PBG in Netherlands.

NO3-N  NH4-N p K Ca Mg S04-S EC
(me/¢)  (me/#) (me/¢) (me/#) (me/¢) (me/¢) (me/¢) (dSm)

10 1.5 3.75 5.25 45 2.25 2.25 1.5
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Fig.3-17 Changes in absorption concentration of NOs;—N of strawberries

with three different nutrient solution compositions in cocopeat substrate.
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Fig. 3-18. Changes in absorption concentration of P of strawberries
with three different nutrient solution compositions in cocopeat
substrate.
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Fig. 3-19. Changes in absorption concentration of K of strawberries
with three different nutrient solution compositions in cocopeat
substrate.
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Fig. 3-20. Changes in absorption concentration of Ca of strawberries
with three different nutrient solution compositions in cocopeat
substrate.
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Fig. 3-21. Changes in absorption concentration of Mg of strawberries
with three different nutrient solution compositions in cocopeat
substrate.
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Table 3-25. Effect of nutrient solution composition on early growth of

strawberries in hydroponics in greenhouse.

. Mean
Growth Nutn.ent N o Toaf Toa
0. of lea
stage solution length(cm) width(cm)
Yamazaki 5.1 17.8 84
Chiba A.R.C 5.3 18.3 8.0
October 6 PBG 56 19.7 8.4
LSD(p<0.05) NS NS NS
Yamazaki 54 22.8 9.2
Chiba AR.C 5.8 22.6 9.0
October 13 PBG 6.1 24.0 93
LSD(p<0.05) NS NS NS
Yamazaki 6.3 21.8 9.3
Chiba A.R.C 6.6 22.1 9.2
October 20 PBG 6.7 23.6 95
LSD(p<0.05) NS NS NS
Yamazaki 7.0 22.9 9.3
Chiba A.R.C 7.3 22.6 9.2
October 27 PBG 78 24.0 96
LSD(p<0.05) NS NS NS
Yamazaki 7.3 23.0 9.3
N ber 3 Chiba AR.C 7.6 22.6 9.1
ovember PBG 8.2 24.1 95
LSD(p<0.05) NS NS NS
Yamazaki 6.2 216 9.1
Chiba A.R.C 6.5 21.7 89
PBG 6.9 23.1 9.2
LSD(p<0.05) 0.4 1.1 NS
Mean
Stage Hokok *okok ok
Treatment * * NS
Stage xTreatment NS NS NS
Aol F4 TEE BT AR A Azt fo3 AolE YERUA
grdl, ohk el XA A Wi =4 Al A e ATreh ok
< FAE UEY. FAA] ol Aol flloy ofupxlr] ke x4
A te AR £Ee Be AL 2 5 A
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Table 3-26. Effect of nutrient solution composition on fruit quality and

yield of strawberries in hydroponics in greenhouse.

Growth . Mean
stage Nutrient Fmit Fruit .Fruit Solqble No. .of Yield per
@) solution weight length diameter SOll.dS fruit plant
(g) (mm) (mm) (“Brix) (ea/plant)  (g/plant)
Yamazaki 18.16 48.93 29.65 10.74 3.00 53.49
Dec Chiba A.R.C 1919 4920  30.76 10.88 2.40 47.80
" PBG 19.23 49.09  30.72 10.74 2.67 49.02
LSD(p<0.05) NS NS NS NS NS NS
Yamazaki 14.92 4568 2557 11.67 4.67 69.18
Chiba AR.C 1475 45.83 27.37 11.12 4.07 59.61
Jan ppg 1477 4592 2944 1112 467 70.00
LSD(p<0.05) NS NS NS NS NS NS
Yamazaki 26.57 58.44  34.66 10.32 2.80 71.71
Feb Chiba A.R.C 2719 5954 3295 10.83 2.37 61.51
" PBG 25.82 56.57  33.80 9.82 2.42 59.20
LSD(p<0.05) NS NS NS NS NS NS
Yamazaki 19.19 56.10  30.26 10.19 4.20 78.64
Mar Chiba A.R.C  20.71 58.06  29.78 9.71 3.87 75.01
" PBG 20.61 5598  30.62 9.70 4.07 82.87
LSD(p<0.05) NS NS NS NS NS NS
Yamazaki 22.29 59.32  31.12 8.92 3.60 79.16
Apr Chiba AR.C 2146 59.40  31.16 9.22 2.87 60.38
" PBG 23.09 59.46  31.20 8.68 3.00 68.92
LSD(p<0.05) NS NS NS NS NS NS
Yamazaki 22.14 55.92  32.56 10.60 6.73 149.64
May Chiba A.R.C 2399 5817  33.70 10.36 5.33 124.94
PBG 20.91 53.62 3154 10.16 64.7 125.55
LSD(p<0.05) NS NS NS NS NS NS
Yamazaki 20.55 54.06 3097 10.41 417 83.64
Chiba A.R.C 2133 55.03  30.65 10.35 3.48 71.54
PBG 20.74 53.44  31.22 10.04 3.88 75.93
LSD(p<0.05) NS 1.4085 NS NS NS NS
Mean GrOV\étGStage kkok ok ok *kk ok ook
Tregiment g NS NS NS NS NS
GxT NS NS NS NS NS NS
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Table 3-27. Effect of nutrient solution composition on total yield and fruit

quality in hydroponics in greenhouse.

Mean
Nutrient . - - :
. Fruit  Fruit Fruit Soluble No. of fruit Total yield
solution weight length diameter solids (e.a / lanE) per plant
(@  (mm) (mm)  (“Brix) P (g/plant)
Yamazaki 2055  54.06 30.97 10.40 25.00 501.82
Chiba A.R.C 21.33 55.03 30.96 10.35 20.90 429.26
PBG 20.74  53.44 31.22 10.03 23.28 455.56
LSD(p<0.05) NS 1.14 NS NS NS NS
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Fig. 3-22. Changes of EC of recirculated nutrient solution in four

different hydroponic substrates.
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Fig. 3-23. Changes of EC of recirculated nutrient solution in different

substrate volumes during the experiment in glasshouse.
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Fig. 3-24. Changes of EC of recirculated nutrient solution as different
amount of solution supplied in two litter perlite substrate during the

experiment in glasshouse.
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Fig. 3-25. Changes of EC of recirculated nutrient solution with different
solution of composition supplied in two litter perlite substrate during

the experiment in glasshouse.
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Fig. 3-26. Changes of EC of recirculated nutrient solution in different

substrates during the experiment in plastic house.
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Fig. 3-27. Changes of EC of recirculated nutrient solution in different

substrates during the experiment in plastic house.
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Fig. 3-28. Changes in pH of circulated nutrient solution in four different

hydroponic substrates.
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Fig. 3-29. Changes of pH of recirculated nutrient solution in different

substrate volumes during the experiment in glasshouse.
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Fig. 3-30. Changes of pH of recirculated nutrient solution as amount of
solution supplied in two litter perlite substrate during the experiment in

glasshouse.
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Fig. 3-32. Changes of pH of recirculated nutrient solution in different

substrates during th experiment in plastic house.
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Fig. 3-33. Changes of pH of recirculated nutrient solution in different

substrate during the experiment in plastic house.
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Fig. 3-34. Changes in moisture contents in different substrates in

greenhouse during the experiment.

FESAVE olEF WA TR FETFE A A, madE A7t
7bd BEEo] Eolbd 40-50%RAal, 1 thgo Rt By WX Eokow Hel
oE iAol b wE RS U

Zzbel vl w1 e] FREESFFE ZAEIGE, HepolE wix oA 71
e TeaTde HEUL SwwAeA s e £AE HEWAY. ol
A vl A& Aolo] we AR AAHRR wixe] 5o s}
7l offthal Azt vel, dA e A Zvlde 19 F9 50mL A=
o T FekH Aol daAgel wet Frhste] 150mL7bA & F e
= Aer deEth ofAE @l At e wEpa e A
A L] Farel wEk FRFage] A dEAAE 4 AR ey

HepolE wjx ol we wixe] sRetds 2Abet s, dAH R v

& 2LeA FEdEe] Mg w=kon 1L wiA FelA 7HE B e SRS ES vE

- 106 -



180

£ 160 -
[
=3
S 140 A
®
RS
T 120
c
O 100 A
a8
2 80 A
o)
®
c 60 +
ke
=}
= 40 A
8 Perlite
‘g 20 —=— Cocopeat
= —a— Rockwool
=] 0 - —O— Sawdust
Z
T T T T ™ T T T T T T T T T T T T T
02-10-1 02-12-1 03-2-1 03-4-1 03-6-1

Date

Fig. 3-35. Changes of nutrient solution absorption amount in four
different substrates during the experiment.
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Fig. 3-36. Changes of water contents in perlite substrates as different

substrate volumes during the experiment in glasshouse.
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Fig. 3-37. Changes of water contents in two litter perlite substrate as

different amount of solution supplied during the experiment in glasshouse.
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Fig. 3-38. Changes of EC and amounts of nutrient solution absorption per
plant a day in two litter perlite substrate with 250ml solution supplied

during the experiment in glasshouse.
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Fig. 3-39. Changes of nutrient solution absorption per plant a
day in three different nutrient solution compound during the

experiment in glasshouse.
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Fig. 3-40. Changes of water contents in different substrates in bio—bed
during the experiment in plastic house.
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Fig. 3-41. Changes of water contents in different substrates in normal
bed during the experiment in plastic house.
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Fig. 3-42. Changes of water contents in perlite and cocopeat substrates

in bio—-bed and normal bed during the experiment in plastic house.
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Table 3-28. Effect of the amount of nutrient solution supplied per plant a

day on early growth of strawberries in two litter perlite substrate in

glasshouse.
Amount of Mean
Grtowth nutrient slolution
stage supply . of leaf L length L idth
(ml/plant/day) 1\g(e)a/ (I)Jlar?t eal(ccnelslg ea{ cnvg )
150ml 36 a 189 a 64 a
Sep. 30 250ml 35 a 179 a 64 a
350ml 36 a 184 a 65 a
150ml 43 a 20.1 a 6.7 a
Oct. 07 250ml 44 a 20.2 a 6.9 a
350ml 42 a 195 a 6.6 a
150ml 47 a 207 a 6.9 a
Oct. 14 250ml 48 a 20.8 a 70 a
350ml 48 a 20.1 a 6.7 a
150ml 55 a 211 a 6.8 a
Oct. 21 250ml 56 a 210 a 70 a
350ml 56 a 204 a 6.8 a
150ml 6.2 a 217 a 70 a
Oct. 28 250ml 6.2 a 214 a 72 a
350ml 6.2 a 210 a 6.9 a
150ml 6.6 a 211 a 71 a
Nov. 04 250ml 6.6 a 209 a 73 a
350ml 6.7 a 218 a 71 a
150ml 70 a 22.1 a 71 a
Nov. 11 250ml 6.9 a 222 a 74 a
350ml 72 a 214 a 70 a
150ml 74 a 22.1 a 70 a
Nov. 18 250ml 75 a 223 a 72 a
350ml 75 a 213 a 70 a
150ml 57 a 210 a 6.9 ab
Mean 250ml 57 a 20.8 a 71 a
350ml 5.7 a 226 a 6.8 b
Substrates volume(S) NS NS NS
Growth stage(G) *okk NS ok
S * G NS NS NS
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Table 3-29. Effect of the amount of nutrient solution supply per plant a day

on total yield and fruit quality in perlite substrate culture in glasshouse.

Mean
Capacity of
nutrient solution Fruit Fruit Fruit
1 weigh length diameter Ss(llllilgie Yield Fruit No.
SUpply & ne a ory (g/plant) (ea/plant)
(g) (mm) (mm)  (Brix)
150ml 15.1¢c 48.3a 26.9b 8.8a 358.6¢ 24.5¢
250ml 16.9a 50.4a 28.6a 8.8a 447.7b 27.6b
350ml 16.3b 49.1a 27.9a 8.7a 463.7a 29.4a
Treatment ok NS * NS ok *3kk
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Fig. 3-43. Changes of NOs-N concentration in recirculated nutrient solution

in cocopeat and perlite substrates during the experiment in plastic house.
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Fig. 3-44. Changes of P concentration in recirculated nutrient solution in
cocopeat and perlite substrates during the experiment in plastic house.
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Fig. 3-45. Changes of K concentration in recirculated nutrient solution in
cocopeat and perlite substrates during the experiment in plastic house.
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Fig. 3-46. Changes of Ca concentration in recirculated nutrient solution
in cocopeat and perlite substrates during the experiment in plastic house.
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Fig. 3-48. Changes of NOs—N concentration in recirculated nutrient solution

in three different substrates during the experiment in plastic house.
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Fig. 3-49. Changes of P concentration in recirculated nutrient solution in

three different substrates during the experiment in plastic house.
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Fig. 3-50. Changes of K concentration in recirculated nutrient solution in

three different substrates during the experiment in plastic house.
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Fig. 3-51. Changes of Ca concentration in recirculated nutrient solution in

three different substrates during the experiment in plastic house.
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Fig. 3-52. Changes of Mg concentration in recirculated nutrient solution

in three different substrates during the experiment in plastic house.
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Table 3-30. Effect of microbes on fruit quality and yield of strawberries in

cocopeat substrates in plastic house.

Mean
Growth Fruit Fruit  Fruit Soluble . .
Stage Treatment weight length diameter solids Yield  Fruit No.

(@  (mm) (mm) (“Brix) (g/plant) (ea/plant)

Control 242a 577a 33.2a 9.0a 45.6¢ 2.0a
April Basillus 254a 626a 32.8a 9.3a 52.9b 2.2a
Pseudomonas 29.2a 6l1.2a 36.2a 8.2a 67.1a 2.5a

Control 215a 56.2b 306b 9.0ab 86.3c 4.1b
May Basillus 227a 57.3ab 322ab 95a 127.1b 5.ba
Pseudomonas 30.1a 599a 34.4a 8.5b 116.6a 4.2b

Control 229a 57.0a 319a 9.0ab 66.0b 3.1b
Mean Basillus 240a 60.0a 325a 9.4a 90.0a 3.9a
Pseudomonas 29.7a 606a 35.3a 8.4b 91.9a 3.4ab

Treatment(T) NS NS NS * otk s
Growth Stage(S) NS NS NS NS sokok sk
T * S NS NS NS NS otk *
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Table 3-31. Effects of microbes on fruit quality and yield of strawberries

in vermiculite and rice hull substrate in plastic house.

Mean

Growth . . .
Stage Treatment Fruit Fruit Fruit  Soluble Vield  Fruit No.

weight length diameter solids
(g) mm  (m  (Brix) (g/plant) (ea/plant)

Control 192a 498a 32.0a 12.0a 21.4c 1.3b

April Basillus 231a 9588a 323a 89a  43.0b 2.0b

Pseudomonas 24.3a 58.1a  33.6a 9.4a 64.4a 2.8a

Control 188a 51.8b 299a  80b  74.8c 4.0b

May Basillus 226a 973a 3lba 94a  96.1b 4.2b

Pseudomonas 20.4a 53.8ab  31.4a 9.3a 110.3a 5.9a

Control 19.0a 50.8b  31.0a 10.0a  48.1c 2.7b

Mean Basillus 229a 58la 319a 92a  69.5b 3.1b

Pseudomonas 22.3a 55.9ab  32.5a 9.4a 87.4a 4.3a

Treatment(T) NS NS NS NS stoskok sk
Growth Stage(S) NS NS NS NS sk ok
T % S NS NS NS * NS NS
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Fig. 3-53. Effect of microbes on changes of strawberry leaves in

cocopeat substrate in plastic house.
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Fig. 3-54. Effect of microbes on changes of strawberry leaves in
vermiculite and rice hull substrate in plastic house
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Table 3-32. Effect of physiologically active substances on fruit quality

and yield of strawberries in perlite substrate in glasshouse.

Mean
Growth  pregtment  Fruit  Fruit  Fruit  Soluble o0 oo
e weight length diameter solids (oot (ea lantj
(g) (mm) (mm) (Brix) &P D
Control 160 a 509a 282a 84b 755b 48 a
MG
i . 2a 292a 91 , N
April  1/5000 strength 184a 532a 292a 9la 830a 7 a
G

1/2,000 strength 166 a 508 a 281 a 85ab 841 a 51 a

Control 231 a bH547a 323 a 92 a 722 a 33 a

MG

May  1/5000 strength
G

1/2,000 strength

Control 195a 528 a 303 a 88a 738 a 41 a

141 b 447 a 260a 89a 4l6c 29 a

160 ab 5ll1a 273a 99a 491D 3.3 a

Mean 1/5,00(§\/Isct}rength 163a 490a 276a 90a 623c 3.8 a
1/2,000(itrength 163a 5l0a 277a 92a 666b 42a
Treatment(T) NS NS NS NS s NS
Growth Stage(S) NS NS NS NS . .
T 5 NS NS - NS s NS
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Number of leaves(ea/plant)

—@— Control
4 A —&— MG 1/5,000 strength
—4&— G 1/2,000 strength

Fig. 3-55. Effect of physiologically active substances on strawberry

leaves in perlite substrate in glasshouse.

Table 3-33. Effect of physiologically active substance on fruit quality
and yield of strawberry.

Mean

Treatment Fruit  Fruit  Fruit Soluble No. of Total yield
weight length diameter solids fruit per plant
(g) (mm)  (mm) (“Brix)  (ea/plant) (g/plant)

o= 19.2b 53.63 3l.1ab 12.8 2.67 52.71
Ex9 174b  54.3 28.8bc 134 3.13 a3.
igg 18.6b  56.37 28.7c 135 2.00 37.59
ehel = 24.8a 5767 32.9a 12.8 2.53 64.70
71 EAk

Treatment 54 NS 2.3 NS 1.2 25.0
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Fig. 3-56. Changes in maximum and minimum root zone temperature

of four different hydroponic substrates in greenhouse.
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Fig. 3-57. Changes in max. and min. root zone temperature of two
hydroponic substrates in plastic house.
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Fig. 3-58. Changes in mean temperature of circulated nutrient

solution in plastic house.
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Fig. 3-59. Changes of maximum temperature in different substrates

during the experiment in plastic house.
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Fig. 3-60. Changes of minimum temperature in different substrates

during the experiment in plastic house.
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Fig. 3-61. Changes of maximum and minimum temperature in substrate

as different substrate volume during the experiment in glasshouse.
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Fig. 3-61. Changes of nutrient solution temperature in tank on and

under ground during the experiment in plastic house.
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Table 3-34. Effect of root zone temperature on early growth of strawberry

in hydroponics.

Mean
Growth stage  Temperature Leaf Leaf
No. of leaf )
length(cm) width(cm)
Control 7.3 18.15 5.72
13T 7.7 19.52 6.13
December 29 .
18C 7.1 18.73 5.70
LSD NS NS NS
Control 7 19.16 5.89
13T 79 20.54 6.37
January 5 .
18C 77 19.27 5.87
LSD NS NS NS
Control 8.1 19.50b 5.97ab
13T 8.1 21.54a 6.38a
January 12 .
18C 79 19.27b 5.84b
LSD NS 1.49 0.48
Control 84 19.45 6.12
13T 8.3 21.11 6.53
January 19 .
18C 84 19.84 6.02
LSD NS NS NS
Control 7.9 19.06b 5.93
13T 8.0 20.68a 6.35
18T 7.8 19.38b 5.86
Mean LSD NS 0.61 0.21
Stage * w3 NS
Treatment NS e ok
S*T NS NS NS
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Table 3-35. Effect of root zone temperature on fruit quality and yield of

strawberry in hydroponics.

Mean
Growth Substrates
stage (S) Fruit ~ Fruit  Fruit  Soluble ~ No. of  Yield per
(@ weight length diameter  solids fruit plant
(g) (mm)  (mm) (“Brix)  (ea/plant)  (g/plant)
Control 18.2 498  30.2 10.6 40 725
13T 20.2 51.0 312 10.1 3.0 60.1
January .
18C 17.8 48.3 29.9 10.7 3.2 57.4
LSD NS NS NS NS NS NS
Control 27.6 579 350 115 1.7 50.6
13T 289 587 36.0 10.3 15 419
February .
18T 28.7 612 350 10.6 2.0 54.0
LSD NS NS NS NS NS NS
Control 20.7 575 308 9.8 40 849
13T 19.3 58.6 29.0 10.0 4.4 80.0
March .
18C 199 579 29.7 9.6 4.0 789
LSD NS NS NS NS NS NS
Control 26.1 625 331 9.0 2.6 67.2
. 13T 214 583  31.7 9.1 2.6 54.1
April .
18T 25.0 612 333 8.9 2.2 54.6
LSD NS NS NS NS NS NS
Control 22.1 555 325 105 6.2 134.1
M 13T 22.6 56.3  33.0 10.4 8.6 191.1
a 18C 21.2 574 324 11.2 6.2 126.0
LSD NS NS NS NS 24 4477
Control 22.7 565 322 10.2 3.7 80.7
13T 22.3 570 319 10.1 4.0 84.8
18T 225 572  32.0 10.2 35 74.2
Mean ' p NS NS NS NS NS NS
Stage Kok koxok skokk koxok kokok Fokk
Treatment NS NS NS NS NS NS
ST NS NS NS NS NS *
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Table 3-36. Effect of circulating nutrient solution temperature on growth of

strawberry in NFT system.

Growth Mean

Treatment Leaf Leaf
stage No. of leaf )
length(cm) width(cm)
Control 4.4 10.87 413
18 C 4.8 12.38 4.56
March 2 23 T 5.0 10.82 4.33
28 C 4.8 11.21 471
LSD(p<0.05) NS NS NS
Control 5.7 15.33 5.63
18 C 6.2 17.38 5.86
March 9 23 C 6.1 15.82 5.63
28 T 59 16.21 6.01
LSD(p<0.05) NS NS NS
Control 6.1 20.71 7.41
18 C 6.7 22.84 8.01
March 16 23 T 6.4 22.77 791
28 C 6.2 20.49 7.51
LSD(p<0.05) NS NS NS
Control 7.2 2747 9.02
18 C 7.8 28.86 9.34
March 23 23 T 7.4 27.80 8.63
28 C 75 23.69 8.40
LSD(p<0.05) NS NS NS
Control 59 18.59 6.55
18 C 6.4 20.37 6.94
23 C 6.3 19.55 6.63
28 C 6.1 17.90 6.66
Total

LSD(p<0.05) NS 1.83 NS
Stage(S) kokok sokok sk ok
Treatment(T) NS NS NS
ST NS NS NS
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Table 3-37. Effect of circulating nutrient solution temperature on partly

growth of strawberry in NFT system.

Mean
Treatment
Leaf Stem Root Crown
Control 54.49 27.62 58.64 25.11
18 C 58.30 27.62 66.14 30.26
Fresh .
) 23 T 57.70 25.34 51.68 26.04
weight .
28 T 46.18 22.44 48.94 26.96
LSD(p<0.05) 9.83 4.78 13.95 1.69
Control 21.70 9.36 11.95 10.01
18 C 22.50 9.24 12.38 11.77
Dry weight 23 T 21.00 10.40 11.59 10.30
28 T 18.90 9.26 10.85 11.01
LSD(p<0.05) NS NS NS 1.69
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Table 3-38. Effect of bed shape on early growth of strawberries in different

growth substrates in plastic house.

Substrates Mean
Bed shape Leaf Leaf
) No. of leaf length(cm) width(cm)
Bio bed 54 189 75
Perlite Normal bed 5.2 195 77
LSD(p<0.05) NS NS NS
Bio bed 53 21.2 75
Cocopeat Normal bed 55 20.3 8.1
LSD(p<0.05) NS NS 0.35
c . Bio bed 6.5 20.7 83
ocopea
/Perlite Normal bed 5.0 16.4 6.3
LSD(p<0.05) 0.84 0.92 04
o Bio bed 4.6 16.1 59
Vermiculite ;a1 bed 51 154 6.0
/Perlite
LSD(p<0.05) NS NS NS
o Bio bed 51 16.8 6.1
Vermiculite  Normal bed 5.1 154 6.1
+ Rice hulls
LSD(p<0.05) NS 1.06 NS

a9, e pad FAdAL masE/deeEe 25 wHelA wele

ME Fol B3t el mee] vre £AE Uehlgln, 44/4eese 25
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Table 3-39. Effect of bed shape on fruit quality and yield of strawberries

in different growth substrates in plastic house.

Mean

Substrates
(S) Bed shape  pui Rt Fruit Soluble

weight length  diameter  solids Yield — Fruit No.

(g/plant) (ea/plant)

(g) (mm) (mm) (°Brix)
Bio bed 189 537 29.3 89 116.7 6.5
Perlite  Normal bed 196 546 30.2 8.7 1149 6.1
LSD(p<0.05) NS NS NS NS NS NS
Bio bed 212 55.4 30.8 89 110.2 5.4
Cocopeat  Normal bed 194 54.0 30.0 8.6 90.0 48
LSD(p<0.05) NS NS NS NS NS NS
Bio bed 190 539 289 9.0 1089 56
C/‘f)‘glfﬁgt Normal bed — 22.0 56.1 31.2 9.1 1115 5.3
LSD(p<0.05) 25 NS 16 NS NS NS
Bio bed 202 536 312 8.6 84.8 43
Vemniculite Normal bed 176 534 286 9.2 835 49
LSD(p<0.05) NS NS 2.49 0.36 NS NS
Bio bed 180 534 29.1 9.0 85.2 48
vermiculte \omal bed 207 557 304 89 1144 57
LSD(p<0.05)  2.23 2.10 NS NS 1871 NS
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