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Abstract

Leaf lettuce(Lactuaa sativa L.) was cultivated in deep flow culture to investigate growth
and yield in relation to different reusing method of nutrient solution after once cultivation.
Five different treatments were allocated to the nutrient solutions - Control(total renewal
of solution), NSS(nutrient solution supplement), EC control, NSAC(nutrient solution
analysis and compensation), NSAC and Humus supply(NSAC with supply of Humus). The
pH of solution was kept stable below 7.0 during 4 successive culture in NSAC and NSAC
and Humus supply. EC was sharply declined in NSS as the number of cultivation was
increased. Growth and yield of NSAC was similar to those of Control because nutrient
elements were kept the balance to the better growth, while the lettuce grown in NSS and
EC control was shown lower growth rate. In the nutrient solutions, Content of NO3-N
and NHs;-N were remarkably decreased after the cultivation in all treatments. Ca and Mg
were shown to be accumulated in nutrient solution regardless of culture times and
treatments. After the first culture in NSAC and Humus supply, total N and P:Os content
in leaves were lower than any other treatments, but Ca content was higher. Those were
not significant as following cultures, and no significant difference of K and Mg content

were shown among the treaments.
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Table 1. Compensation and preparation of nutrient solution according to reusing method
(based 1 ton)
Division EC control Analysis and compensation (me/ £)
Amount of
Culture consumption of Com~
Treatment ;0" nutrosol(8)  gopy penst KNOy NHNO;  NELHPO;
ation
Control 1~4 Preparation of new nutrient solution by every culture time
1 241 -
2 186 Standard solution compensation by amount of consumption
NSS 3 2 ’
4 - ”
Means 216 -
1 P/ Standard - -
2 PAY] +0.13 0.1x§* -
3 M +0.27 02xS -
EC control - 011 007%S -
Means 41 017  0I2XS -
1 24 Standard Standard  Standard
2 156 05 - 12
3 18 14 12 -
NSAC 4 - 17 12 -
Means 18 12 12 -
1 22 Standard Standard  Standard
2 M 03 - 12
NS:AC 3 ™M 0% 09
I‘ILUTIUS 4 - 11 12
210 066 1.1 -

? S means amount of nutrient in standard nutrient solution.

- 174 -



o040 4

1=

. A=
L@ AF

FAARA FAHEE Ve

4 W BEES5Z Ysheranh pHst ECo
W3 396 BUY z2ANSE T

4 MSZA Y U - NBHAIR B4 wy
AgEAE FEAERY BANYATE
AA\E e AN 2E S8 o

zn g o
1. Mek7|ZkE eretel pHet ECel w3
FoAel pHE HEF7E B ARABEFD
68728 WEhIQR, FARFTFE A
257k Bole+E gople 398 2Y

AR WEG 054 ZAbm AT T utHo] FAHPRPTL FAPPR
ZA BEo|3A 2utEog AYRS FAsY H+Humus A7+ 55~709 vlm3y 4
o} FAEANS oja) $8AFE AEAHE BE 3 A8 dRe £FL JehAATHEg 1.
AAS F ANAE FAe A% £8AA 53 FAFABF+HumusH7b7E o

WEo B9 elo] B HY F ©a
Wel geAe ANsAE. SBARNE A9
AEZAE ABARAE ALY AR A
25 AAE 0CHH 59RE AZAA o

Aelol Wla A AWANREL waA
& pHFEE %Al o S1998)] 2
2% FAuol FEyotel Aol ¥gol
37h5@ ¢ pHAt 343 Astsed

humate®} humus 22 #71E& #738l¥
o] g H" o]&& Xgd %ol
& EF3o Fd9 pHAS £=E& A
AAZYE W Hold AaE BYce
H o)A o] F(19W)y AFHe <
NEe 7ol NHi-N9 vl go] @
FEE AEE HolA gsith

AP F 05gY A¥std FEIFY E¥s
A met FAEAE H BidE 4L l
No2 o#Ad o#ste] A4 EYNER
o] &3ttt *d R HEAMARS E4&
NH-N, NO;-N¢} T-N£ Kjeldahl§ &, ¢
Abe el A9olt Lancasterd, 483 &
A 89 ZSolEe Vanadate, K, Ca, Mg ©} pHY
AAEFZEFRA Yo A%

9
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Fig. 1. Changes of pH in nutrient solution at different control methods in successive culture of
leaf lettuce : pre-1st, before first culture ; post-ist, after first culture ; pre—2nd, before
second culture ; post-2nd, after second culture ; pre-3r, before third culture ; post-3rd,

after third culture ; pre-4th, before fourth culture ; post—4th, after fourth culture.
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Fig. 2. Changes of EC in nutrient solution at different control methods in successive culture of
leaf lettuce : pre-1st, before first culture ; post-ist, after first culture ; pre-2nd, before
second culture ; post-2nd, after second culture ; pre-3r, before third culture ; post-3rd,

after third cufture ; pre-4th, before fourth culture ; post-4th, after fourth culture.
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Table 2. Growth characteristics of leaf lettuce in successive culture as affected by

different treatments in nutrient solution at harvesting time.

Plant  Leaf  Leaf
Cultwre 4 tment  height  length  widih

No. of leaf Leaf area otem  Stem  Root

(ea/plant) (crfplant) ‘cngth  diameter length

ume m  (m (cm m (mm ()
Control 299 ab 259 254 115 2060 50 196 4H1
NSS* 04 a %4 241 11.0 2,110 58 192 479
1st EC control 2B9ax H5 238 119 1,850 54 186 R3
NSAC 285 be 5.3 24.1 117 1,950 45 190 400
NSAC+Humus 272 ¢ 246 25 117 1,650 42 188 306
Control N5ab B5 46 107 250 32 146 %6l
NSS 250 ¢ 2.1 215 10.7 1,980 28 133 476
ond ECcontol  B6bc 215 22 98 2080 27 144 478
NSAC 54 c 230 2.3 100 2,230 27 135 450
NSAC+Humus 279 a 4.7 237 94 2,140 31 145 474
Control 286 a 55 216 132 3310 42 164 583
NSS 219b 19.1 166 11.1 1,140 20 114 365
3d EC control 216 b 192 166 109 1,250 18 106 306
NSAC 269 a 246 21 125 2120 33 151 40.0
NSAC+Humus 286 a %4 208 121 1,760 39 150 3H3
Control 210 a 240 24 129 3030 36 172 496
NSS 193b 176 160 100 90 16 104 367
4th EC control 196 b 17.3 160 96 1,130 16 96 397
NSAC 264 a 241 20 12.1 2500 37 165 377

NSAC+Humus 240 a 205 27

97 160 23 129 288

? Nutrient solution supplement

¥ Nutrient solution analysis and compensation

* Mean separation within columns by Duncan’s multiple range test at 5% level
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Table 3. Yield of leaf lettuce in successive culture as affected by different treatments
in nutrient solution at harvesting time.

Top Root
Culture Fresh Dry Fresh Dry Yield
time Treatment weight  matter weight matter (kg/ha)
(g/plant) rate(%) (g/plant) rate(%)
Control 115 a* 30 15.1 5.8 30,700 a
NSS? 113 a 35 146 59 30,200 a
Ist EC control 119 a 36 13.1 5.7 31,700 a
NSACY 113 a 39 145 55 30,000 a
NSAC+Humus 9.4 b 3.6 14.7 6.1 25,700 b
Control 956 a 3.7 10.6 4.8 25,500 a
NSS 75.0 a 45 9.0 5.1 20,000 a
2nd  EC control 778 a 44 94 42 20,800 a
NSAC 747 a 46 8.1 5.7 19,900 a
NSAC+Humus 795 a 3.7 9.2 4.0 21,200 a
Control 883 a 39 77 47 23600 a
NSS 409 d 46 42 5.0 10,900 d
3rd  EC control 411 d 4.7 3.7 5.1 11,000 d
NSAC 759 b 43 6.6 5.2 20,200 b
NSAC+Humus 69.3 ¢ 44 6.3 5.4 18,500 ¢
Control 112 a 38 134 45 29800 a
NSS 413 b 4.3 6.1 46 11,000 b
4th EC control 422 b 46 6.2 4.7 11,300 b
NSAC 94 a 39 116 4.8 26,500 a
NSAC+Humus 630 b 48 9.2 5.6 16,800 b

* Nutrient solution supplement

Y Nutrient solution analysis and compensation
* Mean separation within columns by Duncan’s multiple range test at 5% level
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Table 4. Changes of nutrient content in nutrient solution at different control
methods in successive culture of leaf lettuce.

1st culture

2nd culture 3rd culture 4th culture

l\gﬁlt;e?t)s Treatment Plant- Harve- Plant- Harve- Plant- Harve- Plant- Harve-
ng sting ng sting ing sting ng sting

Control 103 72 95 6.5 8.4 55 8.7 75

NSS&* 87 6.1 6.7 3.2 49 3.9 43 2.6

NOs-N  EC control 101 58 8.6 5.4 7.0 55 72 72
NSACY 9.7 75 7.4 5.4 78 5.1 9.1 76
NSAC+Humus 107 77 8.6 7.4 7.7 5.7 9.8 7.2

Control 14 001 09 0.2 1.0 0 1.1 0

NSS 1.3 0.01 0.1 0.0 tr 0 tr 0

NH4s-N  EC control 1.2 001 05 0.2 04 0 tr 0
NSAC 14 001 11 0.1 0.7 0 15 0
NSAC+Humus 48 002 09 0.3 0.6 0 1.0 0

Control 1.3 1.1 14 11 1.3 1.2 1.3 1.2

H;PO, NSS 1.3 10 1.1 09 0.8 05 0.7 05
p EC control 13 1.2 13 1.1 1.2 09 1.0 0.8
NSAC 16 1.1 22 21 19 2.0 19 19
NSAC+Humus 1.3 1.1 2.1 2.0 19 2.0 2.1 2.2

Control 5.8 39 47 3.1 49 2.6 42 29

NSS 54 32 33 16 1.8 1.1 26 16

K EC control 5.9 36 4.1 2.3 35 2.9 39 35
NSAC . 6.0 3.8 3.7 2.0 33 1.2 35 1.8
NSAC+Humus 5.8 40 4.1 2.6 2.8 1.1 32 2.2

Control 39 43 2.8 2.9 2.2 2.8 3.2 38

NSS 34 4.2 2.8 2.7 2.1 2.1 33 3.2

Ca EC control 39 4.3 30 29 24 2.7 39 41
NSAC 39 43 2.7 2.8 2.4 2.8 40 46
NSAC+Humus 32 3.7 2.4 2.6 2.4 2.5 3.8 4.4

Control 24 2.6 23 24 2.3 2.4 21 24

NSS 22 24 24 2.6 25 25 25 28

Mg EC control 23 25 2.6 2.7 2.7 238 2.9 3.1
NSAC 2.3 25 25 25 25 25 2.5 29
NSAC+Humus 2.2 2.3 2.3 2.4 2.4 2.4 2.4 2.6

* Nutrient solution supplement

¥ Nutrient solution analysis and compensation
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Table 5. Changes of nutrient content in lettuce leaf-stem at different control methods in

successive culture.

. o 1st 2nd 3rd 4th
Nutrients(%6) Treatment culture culture culture culture

Control 1.83 1.73 2.85 259

NSS* 2.10 1.88 2.69 2.82

T-N EC control 268 2.20 3.13 2.89
NSACY 2.13 252 2.25 2.30
NSAC+Humus 1.30 2.07 2.30 247

Control 211 3.08 275 241

NSS 251 2.56 2.72 237

P:Os EC control 252 2.73 2.74 2.45
NSAC 241 2.38 258 2.38
NSAC+Humus 1.86 2.99 2.34 1.79

Control 5.24 5.44 543 5.19

NSS 5.43 525 5.09 5.15

K EC control 5.21 5.05 5.34 5.20
NSAC 5.28 5.19 5.29 4,94
NSAC+Humus 527 5.16 5.35 4.85

Control 1.89 1.87 1.86 1.67

NSS 1.34 1.40 1.99 1.64

Ca EC control 1.10 1.44 1.72 1.62
NSAC 1.21 1.35 1.72 1.64
NSAC+Humus 261 2.37 1.82 1.81

Control 0.46 0.47 0.54 0.49

NSS 044 0.49 0.65 0.66

Mg EC control 0.43 0.49 0.61 0.63
NSAC 0.42 0.38 0.53 0.56
NSAC+Humus 054 057 0.52 0.54

? Nutrient solution supplement

¥ Nutrient solution analysis and compensation
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