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Studies on the Development of Soil Conditioner and
Fluid Fertilizer Using a Residual Seaweeds
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SUMMARY

These studies were carried out to develop a fluid fertilizer and a soil
conditioner by using the residual seaweeds in Korean South Coast. Optimum
conditions and processes for dissolving the seaweeds were investigated. The
dissolved seaweed was applied to the growth response of several horticultural

crops, and its treatment effects were discussed in detail.

1. Development of products from seaweeds

After selecting proper seaweed among residual seaweeds, most effective
solvent for dissolving the seaweeds and its optimum conditions was studied, and
effects of seaweed treatment by cell burst process were investigated. Undaria
pinnatifida, Laminaria sp. and Hizikia fusiforma were used as raw sources of
seaweed. The seaweed solutions were prepared by heating an alkali solution or
inorganic acid solution containing the seaweed. Undaria pinnatifida spent on
Korean southern coast was the most proper raw source. As an additive for
dissolution of the seaweed, alkali solution, especially NaOH solution was more
effective than acid solution. In dissolution of spent Undaria pinnatifida, optimum
ratio of seaweed to NaOH solution, temperature, required time were 1, 80C, and
12 hours, respectively. The prepared fluid fertilizer did not contain heavy metals
at all, and the hormones for plant growth such as Auxin and Cytokinin were not
destroyed in dissolution process. Seaweed powder could be obtained by drying
the seaweed solution that was prepared by dissolving the seaweed with NaOH
solution. It was known from Kkinetic analysis that dissolution rate of spent

Undaria pinnatifida into NaOH solution was nearly proportional to concentration
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of NaOH solution, and apparent activation energy was 8.4Kcal/mo. In treatment
by cell burst method, 2nd crushed Undaria pinnatifida was well pushed out the
pressed cell with 2mm holes under 38 atm. The dissolution rate was similar to the
former, and apparent activation energy was 5.2Kcal/mol. Applying cell burst
method to seaweed before dissolution, the reaction order was not changed, but
apparent activation energy was decreased by about 40%. It was considered that
internal and external tissues of the seaweed were ruptured during cell burst

process, and the seaweed was easily dissolved.

2. A preliminary studies for agricultural use of seaweed

A preliminary experiments related with the agricultural use of seaweeds were
carried out to evaluate the characteristics of germination, the growth response of
several crops as affected by application of seaweed extract or meal.

In the germinating response of 8 crops’ seeds soaked with a commercial
seaweed extract(nutrakelp) at a dilution of 1:700, the seed germination of 4 crops,
such as eggplant, tomato, lettuce and radish were stimulated except for barley,
leek and chinese cabbage. Although no differences in seed germination rates of
hot pepper, barley, and chinese cabbage, the elongation of shoot and root was
improved non-significantly after seed germination.

With a foliar spraying of seaweed extract to shallot and barley, plant height,
tillering number, leaf number and fresh weight of shallot were increased
significantly. and also improved the grain yield and yield components of barley.

There was no uniform tendency on the early growth of tomato, however
tomato plant applied with commercial seaweed extracts(x1,000) showed an
non-significant increment of plant height and stem diameter. Yield of ripened

fruits was in oder of seedling-dip in seaweed extracts treatment(SS) + foliar
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spray on every 2 weeks treatment(SL2W) > recommendation way of seaweed

extracts(SWR) > SS > seaweed powder(SP).

3. Improvement of soil condition by seaweed application

These studies focused to find out the improvement effect of soil treated with
seaweed products(extract/powder) in basis of soil physico, chemical and biological
properties and to evaluate the plant growth of some agricultural crops with
seaweed application.

The pH value, soil organic material and exchangeable K content soil after
harvest of barley was increased, whereas changes of heavy metals in soil was
not found. Soil respiration rate enhanced in both commercial compost and
seaweed application, and seaweed treatment increased only Pseudomonas sp.
population in barley cultivated soil.

The growth and yield of lettuce treated with seaweed extracts, powder and
commercial compost were increased significantly. Except for rice straw and
commercial compost, all of seaweed treatments showed the higher density of
Pseudomonas sp., particularly the highest population of them determined in soil
applied seaweed powder treatment. Dehydrogenase activity of soil compared to
the control was significantly improved in order of rice straw>commercial
compost>Seaweed powder.

In distribution of water stable aggregate in experimented soil, the degree of
aggregation more than 1 mm in diameter size was slightly high in the treatments
of seaweed powder, seaweed drench and commercial compost application. No
longer any symptoms of accumulation or changes in heavy metals in soil due to
application of seaweed products.

In the results of pot trials in two types of soil, populations of soil

_13_



microorganisms were increased in sandy soil. The density of soil bacteria was
high in both fresh undaria and dried undaria powder treatment(SP), whereas the
density of actinomyces was lowered in dried Undaria powder treatment. In
respiratory activity of soil treated with different organic materials, SP treatment
showed the highest soil respiration. The patterns of soil respiration in two soils
were somewhat different. The higher soil respiration showed in the 1st and 2nd
day of soil sampling in loamy soil. But the higher soil respiration in case of

sandy soil was high in 1st, 4th and 7th day after treatment

4. Application effect of seaweed products to crops

These studies carried out to evaluate the growth response of hot pepper and
soybean applied with Undaria extracts suspension or dried Undaria powder.

With application of seaweed products based on undaria to the soil, Plant height,
shoot diameter, green fruit number and chlorophyll content in leaf of hot pepper
increased significantly. Yield of dried red pepper was increased in order of
seedling soaking(SS) + seaweed extracts spray at every 2 weeks(SL2W) >
seaweed extracts(x15) spray(SWR) > commercial compost(COMP) = fresh
Undaria(FS) > dried Undaria powder(SP) = SS treatment.

In case of soybean, plant height, branch number and pod number per plant of
soybean applied with seaweed products were increased, especially, an increment
of both grain number per pod and grain weight per plant showed in plot with
seaweed products, significantly. Grain vyield of soybean compared to control

increased in order of 25.1%(SL2W) > 16.9%(SL15) > 11.5%(FS).

5. Application rate and way of seaweed products

We examined the growth and yield of horticultural crops(shallot, tomato and
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potato) those treated with seaweed products based on a by-product of Undaria
cultivation.

In the growth response of shallot to seaweed application, Maximum root length
was high in the foliar spray of Undaria extract(x15) at 20 days interval(ST20),
the higher bulb diameter and an increment of tiller number was in STI10
treatment. The most desirable treatment in shallot yield was foliar application of
Undaria extracts of 1:15 dilution(DC15) at 2 weeks after bud emergence, at root
enlargement stage, at every 2 weeks until harvest time. In the characteristics of
shallot root at harvest time, total root length(566.8cm), root surface area(127.3cr)
and total root volume(2.38cr’) was high in DCI5 treatment.

In the response of growth and yield of tomato, Plant height and shoot
diameter were improved non-significantly with application of an Undaria
products. The highest vyield of ripened tomato was obtained from Undaria
suspension treatment applied as a foliar spray at recommended intervals(at 15-20
cm growth, 1st pre-bloom and 1st fruit set stage). A 3-4 days earlier first
harvest in the plots of Undaria products application was observed.

The most promising treatment for plant growth and potato tuber yield was to
incorporate 50kg/10a of a dried undaria powder into the soil(SP50). In treatment
group of undaria suspension application, Undaria suspension applied to the potato
plant as a foliar spray by a dilution of 1:15(SL 1) at tuber set, 10-14days later
and early bloom stage increased the yield of potato. The total yield of potato in
SP10 and SL I treatment compared with commercial compost application were
improved by 26.9% and 11.5% respectively. With application of Undaria products,
the rate of marketable tuber(<8lg) showed by 42.8%(SP50) and 41.3%(SL 1),

respectively.
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E 1-1. F2 sl=&F A E, MAsAL & O9 8
A4 A} 74 n 4 E F88 %
Ascophyllum
Acadian nodosum Kelp Meal Soil -Plant growth promoter
Seaplants (Norwegian Kelp Conditioner -Soil conditioner
or Rockweed)
. -Increase of fruit, flower,
Circle One . Prosper .
) Seaweed vegetable production
International Sea Grow . .
-Prolongation of shelf life
“EGl A P FFE
Extracted Algae Cream ° . ° b =
Goemar o ) ~Nutritional balance <7}
Elicitor solution Gl4 e ]
SEY Sk BAY
-Soil builder(Soil
aggregation, clay
Seanure ) )
) flocculation, moisture
Alginure Ascophyllum N
retentions %)
Products nodosum - -~
. -Soil stabilizer
Terrabind . )
-Hydraulic seeding
Alginure, -Soil improver
North Sealife -Soil conditioner
America
Kelp(NAK) | P
€lp Seacrop, Seamix —FHLEE FFEEA
Products
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a7 2-4 MAEE & L& Axg chAloh

o v Addoz 43T AL AAse] oA B AHste] g
gk svige gAvheh fAE MW OoE WEF FAk] AAFT Qi FHFAA
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A7 e vE 1112 o] Z &3l 2719 pHS =S A3t 3+ S8~
Ao otk AAA(AI-CHE A8 X EV|2 §EEE 80CE AlojatuA

32

kA2 L RE7] (magnetic stirrer) = wLRFEFQATE A 2] A gl whek oF 60ccd] A EE
AFH ko] A2olA pHet A=E St AH H7HA wxE Fotatr] §lst
of o w5 WIAA SHATS Tk AYAE dm AT e %

MAew 1 3 Ars BAA.

2

r (

AxFel GASES AN dskel, APARE vkl A/H A G A3
of ARA HAT g, WE AF 1 A A sl gt 89

AlZkell w2 NaOHe| Ffhms dlszeele A ke s ARgste] 0.5N-HClZ #4748}

t}. T-N& Total nitrogen analyser(Vapodest50, Gerhardt Co., Germany)Z A}-&3}
of ¥A8ta, T-P 2 ¥7|29 %L ICPACP, 3000DV, Perkin-Elmer)® 23}
o
£

=
oo Hreol pHE 22 A=A (Tokimec)$ pH meterE A}

HA8E AFG. WA, FEAAHANA AAAE  100g, 80%methanol 100ml<}t
BHT (butylated hydroxytoluene: Sigma-B-1378) 5g& A 3}sldct. 4CE A 3st4A
A 24X 759 wWHrpm 100)3Fx, oI (Whatman No. 2)3F A4 (A)S R #AF A
o3} zte] &3 80%methanol 100ml S 12A)%F R WFSEaL, o] 3 (Whatman No. 2)%F o]
HAB)e w2 Hastrh oAl ¥ o3 Foj= S 80%methanol 50meE Al 5k
oAA(C)S H¥star, o4 A B CE & Efetdit. 3 &9 HAdsHAA
methanolS A A 8FAtt. o] e A2 4TolA A A8k

Zeatin A M=, LA A TFE=AIZI G PVP(polyvinylpyrrodidon:

Sigma-PVP-40T) 10g& Y3 & $ =& w71+ A3t o] I (Whatman No. 2)



3tk IN-HCI& S Abg3lo] oyl s pH 272 Z A3 4, ethyl acetate® 4

(U] 1:1) AASAT}. Ethyl acetate=(ABA, Auxin, GA), FE=(zeatin)S £

N

712 747k ®elsta, 85 Seppak CI8E HFZ loading3tth. 100% MeOH
@Cme2 ImbZ Z+7; 23])) 2 elutiondt T, 0.45um membrane filter2 o] ¥H(3ml 4 =) 3}
o] HPLC(Young-lin)& #2133t}

ARERE Bl e AESESS E46H7] 9% HPLCO #4212 % 2-13 2
o FA8E Sl AREE EEA

riboside(Sigma-Z 3541)°]t}. EF8& AL glacial acetic acid 2ml= £33},
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&
—t
=
Q
5
w
N
@
Q
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5

mobile phase& ¥ S & mass upste] #|Z3F . Trans-zeatin®  trans-zeatin—
riboside®] F%=+ ZHZF 50ppm¥ 100ppm o2 3FS AL, retention timee Z+7} 7.0 3}
267501 th. e 2 ZAI(TAA)S] XA 92 indole-3-acetic acid(Sigma-I 2886)

% Agatsin.

® 2-1. AMolEZ|H2} 254 EM S 2[et HPLC =4
Sample Mobile phase Flow rate(m{/min)
.. Acetic acid : Methanol : DDHO
Cytokinin 3 : 20 : 200 1.5
IAA 1 : 1 : 10 15

Column u-Bondapak C18, 3.9x300mm(Waters)

Detector UV detector(Young-Lin M720)

Analytical

wavelength 254nm
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Aol AHET AAD chAlvh, Mo 8 Eo sete 2L PAse] E 2-20) 1}
Bigich mlele An o) Andel sl 9, F7], TAGH BHY] Frow 1

ol EAsAT A szl el oF 90% A SR, T Hid AR

I FASHA B P AES FRet ASE ¢ T AT FElg wase
RE & xFHoA AE AEHA Lot Pbo]l EolA 0.05ppm AEEH o] BT}l ZHA

E 22 CHAloh 0| W %o BhEE x Y

A -/ o
. EDALT R 3 Chlks v o
o ) ) o =71 2AG #FA7 4 E27 EAY FAY
T (%) 91.0 89.0 97 90 90 89.6 CA. 16%
71E (%) 85.3 86.7 1.76 7.89 7.44 876 6202 6547 6329  65.65

T-N (%) 1.64 211 0.17 0113 0134 0138 283 1663 1696 1.26
T-P (%) 0.23 0.17 0.027 0.036 0.048 0.033 050 0519 0.742 0.46
K0 (%) 3.57 3.44 0225 0413 0558 0269 333 3844 1616 4.24
CaO (%) 0.62 1.42 0.0o8 0.062 0.084 0112 075 1463  1.202 1.02
MgO (%) 0.36 0.46 0.05 0.09 0.11 0.08 1.27 0.99 0.21 0.82
Na:O (%) 2.04 1.64 0.22 0.46 0.62 0.29 3.59 1.96 0.14 2.99
Fe (ppm) 225 1.27 10.35 5.65 5.35 348 1087 8945 1711 9235

Cd (ppm) nd nd nd nd nd nd nd nd nd nd
Mn (ppm) 3.5 345 04 0.4 0.6 0.75 6.35 7.3 7.6 215
Co (ppm) 0.3 nd nd nd nd nd nd nd nd nd
Cu (ppm) nd 15.8 0.1 - 0.1 0.15 1.7 1.85 1.95 275
Zn (ppm) 11.7 13.3 nd nd nd nd 6.45 5.75 84 11.9
Pb (ppm) nd 0.05 nd nd nd nd nd nd nd nd

nd : not detected
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w7 e §GFEPS AT Astel, A HEAREA BAIRHE AR
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(@) Hot water (b) 0.01N-NaOH

(c) 0.1IN-NaOH

' -

(e) 0.5N-NaOH () Natrakelp
(g) Basfolia (h) Kelpak
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& o pH(-) H%(cp) Nalppm) K(ppm) P(ppm)
 0.3N-NaOH 9.69 252 3450 - -
Al A &
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Natrakelp 11.49 285 2240 4331 788
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I 2-4. © o|Hnt CHADIZ2 R E M=ot AMEZz AlEHE2 &tF 25  s&E

0

5 &= (ppm)
% AEATE AE
= o on o ol
woa Basfolia  Natrakelp  Kelpak = }\]ij OH< ;'] 3 K%I]_Io;l o
Al 5.04 4.18 0.50 4.25 4.19 4.18
Au 2.6 0.12 1.1 0.54 9.5 2.94
Mo 0 0 2.50 0 0 0
Co 0 0 3.00 0 0 0
Ni 0 0 0 0 0 0
Cr 0 0 0.22 0 0 0
Hg 0 0 0 0 0 0
K 39180 4750 20458 7196 3859 11127
Ca 402.6 96.67 221.41 84.41 107.73 131.23
Mg 3021.22 106.78 3975.01 17.15 458 0.45
Na 5595.9 1358.95 3617.7 8726.81 8546.95 1140.26
Pb 0 0 0 0 0 0
Cu 0 0 529.3 0 0 0
Zn 22.17 0 354.61 0 0 0
Cd 0 0 0 0 0 0
La 0.51 0.1 0 0.07 0.13 0.19
Li 2.08 0.03 0.2 0.06 0.04 0.04
Mn 440.12 0 244.7 0 0 0
P 9610.1 20.27 4358.85 50.68 70.24 96.43
S 5547.85 264.48 539.31 364.55 340.87 418.29
Fe 0 0 667.12 0 0 1.88
Si 0 0 0 0 30.6 0
Sn 2.29 2.55 2.46 2.54 2.89 12.74
Zr 0 0 0 0 0 0
W 0.81 0.92 0 0.87 0.92 1.07
U 0 0 0 0 0 0
I 324.99 9.25 235.55 315.81 8.51 9.83
Ge 0.53 0.07 0.17 0.12 0.03 0.1
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ol @ol] grHol Ark. 254l FolA A=A M Fas 22 IAA(Indole-3-
acetic acid)= A &AxE] A3} Fato] @t} AolE7|d2 F2 Az #
NA FAEH e oF9R Ay AxEEdS FXse =
Aot Freot FAEA(RANR)Y] TAE AR FE o]&H Ut Alo]E
71d FoA A EA FTLI FTFHFi=  Zeatin[6-(4-hydroxy-3-methyl-trans-2-
butenylamino) purine], Kinetin(6—furfurylaminopurine), BA(6-benzylaminopurine),
2-IP(isopentenyladenine)®] ¢l
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A A gl ikl of 70%0l st whol dolA FA UEbEt AlelEd o] A
2 trans—zeatine A A F A= 7.86ppme] Ao]H ot 7E3 AAA| oA o
R & 822ppmeo] Aotk E, wYY FQ Alo]EI|URl  trans-zeatin-
ribosided] ¢ AWAAE gk 124ppme 50%9] | Fste <F 62ppmETt A A
2 Zk 45.4ppmS BTk 294 trans—zeatin-riboside= NaOH & o =z 833}
= HAHoA OH 9 F4o = No| AgE B-D-ribosyl 1&©°] #o]x 11 N-HZAE
o2 A= trans-zeatino] AHE 5 Ut 1A AAA B A trans-zeatin®]

oFo t}A =78l trans—zeatin—riboside®= AAAIZ S 1/2 FHRT A4S Ao
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OH H

OH B-D-ribosyl
H H

H B-D-ribosyl
RZ

H

B-D-ribosyl

1-aminocyclopropa

trans-zeatin
trans-zeatin—9-p-D-riboside
N®-(A*-isopentenyl) adenine

N®-(A*-isopentenyl) adenosine

dihydro-trans—-zeatin

dihydro-trans—zeatin-9-p-D-riboside

ne-1-carboxylic-acid

¥ 2-6. Mo|d1l FEFHEM F |AA trans—zeatin 2 trans-zeatin-riboside2| ==

Concentration(ppm)
Types Indoleacetic trans—zeatin
) trans—zeatin(TZ)
acid(IAA) -riboside(ZR)
Fresh seaweed 22.1 7.86 124.0
Seaweed solution 15.9 8.22 454
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NaOH concentration [mol/l]

NaOH concentration [mol/l]

Elasped time [hr]
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(b) 90C
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F
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£ 2-7. 0{2] H2Z0lM NaOH ol th8t £7| Bal&zol

a2 x NaOH¢]

(C) 2] (N) CAo InCAo (=dCa/dt)e  In(-dCa/dt)o
0.7 0.330 -1.10866 1.47 0.3853
0.5 0.245 -1.4065 112 0.1133
8 0.4 0.180 -1.7148 0.82 -0.1625
0.3 0.135 -2.00248 0.65 -0.4308
0.7 0.320 -1.10394 1.14 0.1310
%0 0.5 0.210 -1.56065 0.91 -0.0943
0.4 0.140 -1.96661 0.55 -0.5978
0.3 0.105 -2.25380 0.43 -0.8440
0.7 0.348 -1.05699 0.95 -0.0513
20 0.5 0.255 -1.36649 0.65 -0.4308
0.4 0.188 -1.67398 0.49 -0.7134
0.3 0.135 -2.00248 0.40 -0.9163
0.7 0.335 -1.09362 0.59 -0.5243
0.5 0.218 -1.52556 0.41 -0.8916
& 0.4 0.175 -1.74297 0.33 -1.1087
0.3 0.148 -1.91393 0.28 -1.2730
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7} 23 9 we

1) FAAE
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e

ol FAIE 23 (Allium x wakegi ARAKD)EZEL ZAFo 7 WAL 59
E}of

5 A 1EQeld] A FAE $F wol 4@l o] &3t
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3) A % =AY
Zato} wale 7 Hul = 22 N-P-K=10-7-8kg, N-P-K=9-7-4kg/10a% % 0. &
71 = A g st

zZalo] AL A B o, AAF <

BN
>,
o
i)
flo

# 3-1. Zupet Halof XMl &

A o el &
i = +-(CON) % 9N-P-K=10-7-8kg, H.2:N-P-K=9-7-4kg/10a
A1 5] ¥ (COMP) A §7] 40 & 200ke/10a
& =7 E=E(SP) al =7+ &2 69ke/10a
e Fsk T4 AR i T E 000 349 6417t
T1/E# BH(SS) NA 5 =
QA Fok 102 4A GEA)
SSHFA (A% sxF F2E 10008 34
QWA 2 (FA) Fob F 109 174 A (1)

U} EnE

1) FAAR
T A3 EnE(Lycopersicon esculentum Mil)E ZFAbulE Z2£9 FHE 74

stol W@l A3t
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WA 3B o MASd 7Y MFE G sgon, FRUAL F7k 90
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Asd AvAax 3oz

L 25 FEoe) FAALNA BobEy

Ao zE FAel xR FEHS A A E3-3 A9 o] 5 wjF 4l
B S A9d TANA dRbH o g wolgo] s Aol om, Wolgo A=
Zpol7F glot bolp o] F-of A 9l A eko] Al AEH= 19 3-13 2ol FRTA
YR 4353S ®mygr. durd o2 Cytokinine ¥ajd2e A& (Van Staden¥t
o= Auxine] 2t-&3s}7] df
T ol (Hartman¥ Kesler, 1975) &2 Wol&S Hole AL dxFo ¥ Auxin

o] B & d= Cytokinin®] 283 =7 F
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= Z A 2 U8 745 ols (%)
*Seaweed 96.3
7k A = T T 81.0
Seaweed 95.3
== ZEE 913
b o= Seaweed 33.3
T > 7T 84.3
= Seaweed 95.0
° T =7 5 85.6
b = Seaweed 99.3
= T T 98.6
9 = Seaweed 97.3
= T T 94.0
Seaweed 935
23 =55 035
o = Seaweed 41.0
= T T 40.0

* Seaweed @ AT IEF BIFEA 7004 A
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AR A gl ool frejido] JdAEATY. I oM dEAmd 3
e Aol nls) 3 gRle] waxF o2 &) ool difelw
2

A% glo Egon smEe] AT WiE FF Frolgo] Hsd sow

rHd
2
50
B
&2
flo o

e
v

w9 F9E hRAAR £ F AN S 2 A0S B E 359 2o

125570 % FAA R T7h /M4 wton] SAA fol

e SSHFAAE TS FARZ T o4 e Aol
7F AQAFHAY, B3 AdE AEFS BT 10aT 431kgo & SS+HFSHZ FAA o
27 Wy 2ke o AL Aow AHAY. £ A SSHFSATAA 10a%
4387Tke o 2 7V Borow mz ol wE 5%7) o Wol H4EAh £33 AYE

A slxR{ FF Zad Ao ozl FAAA fejdel JAAHATH

AL AAHA @k A

# 34 ol=F FEH FuAHo wE Zatol YEELS T AL

Plant length Tiller number Leaf number Fresh weight Dry weight
Treatment

(cm) (No.) (No.) (g/plant) (g/plant)
CON 38.65 597 22.0 99.08 12.66
SS 39.88 7.20 254 105.56 14.88™
SS+FA 4787 10.25° 39.8° 198.42" 25.21"
FA 4744 9.00" 38.1° 181.26" 22.38"
LSD .05 1.72 1.68 7.2 35.29 1.20
.01 5.03 4.92 21.0 103.29 1.27

3

“and ** : Significant at 5% and 1% levels by LSD
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ol

I=F 2 FeiAblol ke 2ale] YFUS Al

E 3-5.

Stem Ear No. of No. of Wt. of 1000 Shoot dry .
:[‘nl;iitt length length ear grains per grains weight (kY }elléia)
(cm) (cm) per m’ spike (g) (kg/10a) &
CON 8068 405 420 40.30 20,57 408 ?11505;
sS 8447 4667 421 4175 21.82 412 ?fgf;
SS+FA 8879 470 420 4255 24.37" 431 ?f§57)
FA 8663 473" 423 42,50 92356° 429 ?fgf
LSD 05 9.48 0.39 468 415 236 100.9
01 1306 053 6.45 572 325 139.1

*and ** : Significant at 5% and 1% levels by LSD, ( ) : FZX|F

o, EnE
EntEe] A9 F 3-601A49 2ol At AHGol dAt 4TS UehliA
g gl 7] Haud EviE ] dE2F FEw 100004 s 4
g3 di EviEe] Aol FHHAAL, W A= FAHJATL B
(Featonby-Smith®} Staden,1983)¢}= A X 84A] ¢Far Ut}

FAIEA o] Bl EvtE Aol HeetA] e AFHe] EFSAl

f
ke
o

Z1igttar sde] Hw FAd FAo] AAg aFe] Hle) FFL AR v 7<)
st dnbd o FHo Atk aqw O E AEd vlE] AW Atk g ol fr 2
AHAT A7 A FEe] He A2 2HolY dF4FHY 2AA AN dx
T-9 110.2cmol ¥]3} FST7F 1029cm®E A A&tA Z2Ho] Zta FG2A43FEo] 51mgl
29 Ade AnY A& 27]FH A= 9%

ka7 =9 AAho mze] 7]eld AMSHofE s|AH

713k8go] PPons &
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E 36 oi=F MAMYE HMzlo mE =X EOE MU0t 2
Chloro- Green Mature
Plant  Leaf Stem : fruit wt. Ave. : .
Al peight No. PV g fuit e Width e brix
ments (m) (plant)  (ME () PO (m) P °
/100crr) plant) (g/plant) (kg/Plot)

CON 1102. 213 5.7 15.7 7.5 181.2 2124 733 442 3.87

COMF 1174 217 5.3 155 8.6 1874 21.01 741 441 367

SP 1115 220 54 176 8.1 188.7 2187 741 435 373

FS 1029  20.2 5.1 16.0 4.1 162.4 2068 695 442 340

SS 1135 21.2 55 15.7 6.0 182.3 2194 749 431 4.00

SS

/SLOW 1131 21.7 5.3 159 6.0 1914 2405 742 435 4.07

SWR 1191 220 5.7 16.1 5.8 183.2 2327 739 439 413

[
o
T
o
N
o
Ho
1o
ox
rlo
22
lo
v
Ho
N
>
(i)
o
2
>
By
o
o
o,
Y
o
2
v}
[
)
ol
Iy

B AL 249 A9 dx=T 1122cmeol ¥4 Al FE ¥ FH(COMF) 9} %% 1000
3] A o A=A 2 (SWR)A A 117.4cmet 119.1ecmE 42 B on, FA A
HT(SP)7F 17.6mmEA thZT 15.7mmell Hs] o4& =& &S JeElz 9ot s
A 7Y ST gz 212kl HE w2 FEFE Hole AYE FH
N QWA ET(24.1kg)>FF N FH AFAH 2 (23.3kg)>FH A A > A 2] (21.9ke) 9
A I BEvlEe] g

g mrt.

oﬁ

Ighowe's(1990) EvwlE(Better Boy) T3 # o] #dste] dxF F
A g2 sl 98 471 &A% =500, 250, 167, 125)2 1, 2, 3 F 2 45
Ao s AP A, 1150084 &2 Wl A Frb FF o] Fghow,

<

43

B

S} BFoA 217 16%, 18%9] FolHe FhE ww, AEH] gl A
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1. &A]#& 3 PotwH|

B 488 AF(Lactuca sativa L.) A Avf FF& FAeL =AY sty F&53

W RS olgste] $RA BYUE 187-9-2A2 A7 -AE)E potd K9

O
_Nl_',
AU
=
ofo
!
N
>
ol
rZ

A

O

o &3 & ALZe] pot(L40ecmxW31lemxH15¢m) ol
3to] glasshouseW ol A1 ) v} 3} 4 o}

Azl AE&RIE THE] sty dxzFFEd AHEAHIES),

F(SD)+ FAHAHI(FS) 44 272k RA(RS), A2
7 w2(SP) 5A 2= stlem, A5 e & 4-29 2

2 pot Aoz T 4-29F o] AAEA.

E 42 ABH SHER FEUL RIIMES BHEE x4
Treatment Speozi)?]vdeeerd Compost Rice straw Sgigggs

Moisture (%) 12.0 49.0 6.3 5.0
O.M. 85.3 85.7 85.95 55
T-N 1.64 1.87 0.74 2
T-P 0.23 0.72 0.01 2
K0 3.57 0.66 0.51 18
CaO 0.62 0.76 0.71 4.2
MgO 0.36 0.30 0.31 0.83
NaxO 2.04 0.14 0.61 1.75
Fe(ppm) 225 2446 183.5 250
Cd - 0.13 - 1
Mn 3.50 162.6 9.90 15
Co 0.30 - - 1
Cu - 79.7 1 30
Zn 11.7 229 16.55 50
Pb - 0.38 - 1
Hg - - - -

% Commercial Seaweed extracts(NutriKelp®)
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1) 93t @ dAEF HEZAAAM AFHI EUS Tiulin® Yorder’} aLehsh
o FeAbEHoR FAET £ 20, 1.0, 0.1, 0.25, 0.1mm<]
of B& AR v FFolA 30
T €% Azx7lelA T~8A%

3) EFME(H) @ 138 A5 10g<S 100me Hlo]Al H3stal T7FF S0mes 7Hete] 1

Al AR(160rpm/min) & - 303+ WA § v pH Meter® SAsk3Att

4) 7123 OM) @ TywrinH o2 F73 AR 01~05g (200meshE &2
A 2)E 250m 4z flask o] 8k 10mee] 0AN-FZ Az gak E A A oF
200C WMLl d Ed oA 7FEE o5 0.2N-3HAF

al
AldgEFo 44 SAFEL T F A4 17248 #aho BASAT

5) A A(Total-N) : ZA3% A8 52 Kjeldahl flaskel] #3ta il 382 5g
7 k8- (Conc. HoSOs) 25m2 7FSE T w38 A7 204 FAo] @ wj7}A
235l Auto-Kjeldahl (Auto- Kjeldahl, Vapodest 50, Gerhardt, &)S o] &3}
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ol

g 2np 333 = A (ICP, Optima 3000DV, Perkin-Elmer, U.S.A)E o] &3to] &4
At

]_

7) A<D - Ca, Mg, Na, K& 713 A& 5g8 100m A&t =ae] Y1
IN-NH,O0AC =9 50 mlS 7bsto] 3087 A &(160rpm/min)d th3 NO.2 o] 3}
A &2 o] 3}ste] ICPE o] &3te] A8

*x
jaled
N
B
rio
oo
ol
@!
&
e
rlo
R
o,
g
o
it
R
u)
ol

Y291 Ca, Mg, Na, Ko #Ax 2z}
S 714 pH MeterE ©]83te] pHE A6 A A3 o] oJdS [CPE o &3}

of £4% F o] g EF Fske] CEC #e skt

9) W FYA : Fe, Mn, Zn, Cut 7% A5 5gE 100ml AZZg2~=ad ¥
DTPAR o2 HEAZ & No2 A2 oi}ate] ICPE 4] 33t
10) 5<% : Cd, Ph, Co, Hgt= ZF43 Al 10gE 100ml A Zex=eo) Y

0.IN HCIZ #H&x]71 & 5B oA 2 o] zste] ICPE o] &3] BAstgTH

L AEA 24

Ternary Solution® &2 Al& 05go] ZAAF 5mE 718t HH3] 7 sle] AZA
71 & Ternary Solution 10mS 7}&}aL 200C 7t Fo A 719 éte] H.SO, & HCIO4
o] 8 drlE dErEN F WA F£HysA st WAzl = 7Fstel No.
6

o HA o] o3 ZF 100mlo] mess upste] ICPE o] &3to] A&+

ok

A8

of PAE YExA

A E20g@mm)E Hitel 34

<

T M-S YGWIA, Pseudomonas+

PIA(Pseudomonas Isolation Agar)®l =], A i (Actinomyces)< AIA (Actionmyces
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Isolation Agar)¥]#], A4t (Fungi)2 Rose Bengal WA & Al&3lo] ESdAEg RS

k7t 0amH BEE = mwele] 28TAA 39, 59 Foll AfaA.

d7reld FA ez AE 100gs Fdkel 056M NaOH 10me& 7hgh §- 25°C
oA 34z WA 3 T 02M HCIZ HAH3le] mg CO,-CE 34tetS

. A 73

1) Phosphomonoesterase

EFAE 1g& Az Z8t239 #H3 F 4mle] MUB(modified universal buffer)-&
a = 02mle toulen¥ 1mle] PNPE& NS 71sta & &3ste] vilE 3 § 37T
A 1A ZE v eksle]l 05M CaCly 1mé, 0.5M NaOH 4m¢S 7}étar o 3k # 400nm 3+
oA UV/VIS E3FF=A(UV-VIS spectrophotometer, Lambda EZ 201,
Perkin-Elmer, U.S.A)& 0] ZA3 )t &4 4L g PNP/g - dry soil - h2 &

A8t

2) Dehydrogenase

THE 20g7 CaCO; 02gS & &3t Algd#o] 6g& €2 Us 3% 235
triphenyl tetrazolium(TTC)E < ImE 7}stal S/ 25mE 7Fsk v 37TCelA
24X 7 M FA A HEE 10mE 7Feta 183F 2 &5 03 oJHste] 48nm 3
A UV/VIS #3333 EA(UV-VIS spectrophotometer, Lambda EZ 201, Perkin-Elmer,
US.AE A A5k 4842 n, TPF/g - dry soil - h# ZA &4t
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Aol AFR3 ES F 4-49 4-50A4 HiE nle} o] AIUERZA dubA EQF
54 53] pH, Z%% vladlEE o] 5350 EYe] JEEydHE 83 =4
o= EY AFER BHe YA 1molde MEEx 6.67%0 A=A skt
2 SlxF BuA T woAu 29 ety 54

A3 dudy F RIAY F33 F B ARE AHs A AnE B2l
¥ 4-63 o

E 44 AlE d ol 22 - shatx S4

_ . Bulk .
pH EC P05 OM T-N CEC K Ca Mg Na . Soil

(1:5)  (ds/m) (mg/kg) density texture

: (g/kg) (%) Ex.-Cation(cmo/kg) (g/cm)

5.2 0.044 36283 221 042 1055 0.79 289 037 0.05 1.15 SCL

I 45 MY © EL Yl dctats (%)

Particle <0.1 01~025 025~05 05~1.0 1.0~2.0 2.0 <
size 0000 —mmmmmm e (mm)-———————————
Aggregate
(%) 33.5 38.9 6.2 14.8 6.47 0.2

SPA g 7ol A pH, Edi7]=, K&l 7ol vs) F7F= 213, Fe, Mn, Cu,

=
Zn, Cr, Pb¥t 2 #asdnt 28y A3 A B3 Blastd {7148 A2+
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I 4-6. HE| & F E2F 0|5EE §4
-Cati Av.-
oH EC  OM T-N Ex.-Cation{(cmol/kg) )y Fe Mn Cu Zn Cr Pb As
Treatment ) o 205
(1:5) (dS/m) (g/kg) (%)
K Ca Mg Na CEC ——= ———~--—- (meg/kg) -——————————~———————-
CON 517 0057 291 022 066 337 042 004 1153 37460 5571 2341 1015 280 017 570 0.10

COMP 529 0061 316 024 070 38 050 006 11.92 38.97 5490 2204 1056 310 016 678 031

SP 526 0054 331 024 073 328 042 007 1135 39757 51.28 19.07 893 246 011 453 016
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HE 4TS FEAE JFo] AKEALS A Aot ZeAek Ze] SD, SD
+FS, COF % SPA oA Z9kA aL, COF¢} SP, SDe} SD
+FSAH e 7o AT dud, 78T TolM nEe FoA du AolE mHIo
W, AAARD GRS BA AS27] AAFAA FU1ES A HA, AlREH|
2 oAEF B ATl AFFlde dx2f{ F= AT SDeF SD+FSAH e
oA AEA Ko Fe]Hor Frtstdrh E F o] wkgS v A4 F 5
FAE HAAGFAMT F924 F1E Boy ATV 1154 A= SD9)
COMPAH el A 5% #4 A= AF57He 18l SD+FS9 SPAHE A 1%°] 1L
o o)A dF SIHE dERUTh

53] 424 557 & 5L e SPAYF thE AT Bk fFoHom =9
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om A2 115 § FAto A= SD, SD+FS, COMP % SPA ] SolA EA4 9
ol AAEE FAA Aolg & F 4 AU AEAA Ao AA FFe w
W oz vlsiA sl2F A FEdA WAl FHS7HE UE AL ey SD
o} SD+FSHEANA T 77} 5%, 1%,2] F94 Jd' % 718 e
27 44k 11T Fo AFASE Ao rs AHEe 7pAA AelE
e 7 vk ASEAMA Y AT FroAAE glE wie o] SD, SD+FS,
COF % sPAel 5ol ¥5d Aow FAus, 58 F3 20679 A7 455 0
9l SD+FSAT 9| ARlo] Agwgol 7hg F& Aow e
B oAgy fAe g ow Sl EZF(Ascophyllum nodosum)S 712l 7FE 85
o] gFeh el Eee] Agel BRI Ay FRANE Argo] ol AEA
AFAzel skt on, FeEes) Ae ¥ Adel FreAths mu
(Abetz¢} Young, 1983)7} <ith.
E 47 =/ F7IM=E Melo wE AFE EEXH S MEEES EAL
1 Fresh wt. No. of leaves Leaf area Sﬁﬁig;;fl Dry wt.
‘reat p e p ? - .
Cment (g/plant) (each/plant) (cnf) (mg/100cm?) (g/plant)
Sweeks 1lweeks bweeks 1lweeks bweeks 1lweeks bweeks 1lweeks bweeks 11weeks
Control 457 94.69 56 152 555 1546 134 1514 022 555
SD 780 11119% 62 17.7% 4.0 1726%% 131 1827 055 6.71%*
SD+FS 560  11684%% 56 206%% 68.0 1735%% 128  1760%* 027 6.36%%
FS 484 99.16 66 167 60.0 1629 134 1662 025 582
RS 10.76%% 10065  64™F 163 103.0 1620 137 1719 064% 601
(1“\/([)5 1292%% 10738 70 179%  173%%  171.3%% 128 2093%%  069%F  670%F
SP 1147%% 10800 6.3 189%%  100.0%%  1745%% 151%  2143%% 057 6.69%*
SPx2 6.81 10053 50 162 63.7 1619 136 1680 038 599
LSD .05 394 1400  1.07 2.35 32.87 9.3 147 138 031 0.49
01 5.30 1937 144 321 4427 12.8 1.99 190 042 0.67
*and ** : Significant at 5% and 1% level by LSD
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EY T Uy a42848 F4To2A vAE biomassE (HHHoE FAT
T A3, ESY ALY 2 AEH A5 w3 ESs e E AR T2 g8

st 4= Qloj A (Tate, 1995), Moore®} Russell(1972)2 E4H] 543} dehydrogenased
HEAA S IRlstda, EY T o] 49 A4S EolA s giAbe] A
EEA ES MAESY] ARRE o] &S ¥ ol eK(Skyjins, 1973; Casida, 1977),
Phosphatase, Sulfatase % Nitrogen oxide reductase 5% &4+ C, P, S ¥ N3}
A FLFEE Sl &A= FAHES FABet= o] &3 vk 9l oK (Tarafdar
9} Jungk, 1987; Tate, 1984) ¥ ZAlel= hdstAl AX6hA] &9kth T dehydrogenase
4L BA7ts WEol AA #H"Ya e A2 3 (Skujins, 1973)E 1T o
Ao o] &% F7IAE T AAHHE A% COFevt 423 o gFtel o

=
Aol 9145 9leh

T 488 HYEF WFAYRE P AFE 2AF Aol T ww
=

W debe] 277 S7bs = Aoz veEsten 1
73
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H 48 &F XEMY T ELo| M ThstE(%)

<0.1 01~025 025~05 05~1.0 1.0~2.0 2.0 <

Treatment
———————————————————— (mm)——==——=———————— =
CON 21.7 19.4 26.8 16.7 14.4 2.0
SD 20.5 19.4 24.5 155 16.3 3.8
SD+FS 24.1 16.0 24.9 17.8 15.3 1.9
FS 31.1 16.6 23.2 13.2 134 2.5
RS 26.7 14.4 20.2 21.3 15.1 2.3
COF 22.5 15.7 21.6 13.2 244 2.6
SP 214 16.4 221 16.3 20.1 3.7
SPx2 22.8 154 19.2 15.4 24.8 2.4
E 49 4% ZEMH = £ o|stEty 54

anlzerlﬁ; (?%) (dg?m) &ﬂﬁ) '%(;/01;1 Ex.-Cation(cmol/kg) ?:E), Fe Mn Cu Zn Pb "2\(7);
. K Ca Mg CEC m/ke) - (mg/kg) ———-
CON 5.7 0.2 445 025 03 62 08 141 459 31 8.0 03 35 03 55
SD 5.8 0.2 460 025 03 71 09 158 479 41 760 01 29 03 64
SD+FS 59 0.2 460 024 03 72 09 159 485 50 840 03 35 04 63
FS 5.7 0.2 420 024 04 68 09 137 454 27 650 05 24 04 4.2
RS 5.7 0.2 445 025 04 71 09 138 476 33 870 07 44 03 69
COF 5.7 0.3 460 025 03 68 09 136 48 27 760 05 32 02 59
SP 5.8 0.2 470 025 03 69 09 135 435 42 820 01 33 02 63

SPx2 59 02 460 025 04 68 09 153 433 64 920 05 34 04 51

AR |Z2FE Fole AEEo] EU/NAA(Primo, 1982), B4
A (Weeks¥ Wilson, 1960)2 £+ Edddof E73S /MAss AR o)&sta 9
o, %2719 FHAAM= HEY EYNAAR 2X/FE dFEE AMESIA T, o dx

Folt Be TYRE daaw don 1 F dNMe FES RS AEAGY

ofs
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5-37 2Tk AR71B 2, 95
% F9 A5 230408 2R, 958 AAE B
2

S ES I ERRERIESPIOE B

Ath
N2

o

A
F FE Aol gyt dAHD vk FH uF A

Eaet v=e AREA A2F FEFA Ao AAe AHols Heo] FSHe e}
SSHFSAZ Tl A mmel o9l AAE7hE dehim o, F4 *
o4 COMP, FS, SWR 2 SS+SL2WA T SelA 5% ol8e=

I 5-3. sl =F Xz2lof wE olA 9F = AU Fof Y

0lo

No. of green

Plant length No. of Content of  Haulm width .
Treatment fruits per
(cm) leaves chlorophyll (mm)
plant
CON. 75.88 192.3 54.8 12.1 176
COMP 76.68 195.9 56.3 12.0 21.0°
SP 77.21 180.6 55.1 125 19.8
FS 88.42™ 196.3 59.17 13.0" 21.3"
SS 81.75" 194.3 58.3" 12.9" 19.7
SS+SL2W 77.04 189.5 53.6" 13.6™ 21.3"
SWR 78.78 183.7 58.7° 13.4" 214"
LSD .05 4.27 29.1 3.0 0.8 34
01 5.89 40.1 4.2 1.1 4.7

“and ** : Significant at 5% and 1% levels by LSD
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A s S7HEE 4

2kt
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T
32
Kl

LT EAE el SuE AolE vehiA e

# 54 sl=F Ml e T WK FERFLELL

. . 100
s Stem  Branch Grain Grain Stem i« Crude : :
_’I redtt height No. I—Z(I))?arli()) No. weight  weight grams protein (kY};lld ) Y geld
ments — (cm) (Plant) (Pod) (g/Plant) (g/Plant) WL (%) g/Plot)  index

(g)
CON  56.6ab 4.45b 29.13b  1.16b  11.30d 5.19¢ 19.05a  35.23a 1.83d 100
COMP 57.8ab 4.79ab  30.83b 142a 1252bc  6.05ab  1855a  37.20a 2.02bc 110.4
SP 54.4b 4.62ab 29.11b  1.40a 11.80bc  5.63bc  1890a  35.45a 1.91bc 104.4
FS 62.2a 487ab  31.28b 1.38a 12.65ab 5.40c 19.03a  36.52a 2.04ab 111.5
SL 59.1ab  4.76ab  30.34b  1.5la  13.23ab 5.42¢ 19.41a  36.29a 2.14ab 116.9
SL2ZW  58.6ab 5.02a 34.79a  1.48a 14.13a 6.23a 18.11a  36.32a 2.29a 125.1

Mean separation within columns by DMRT at 5% level.

o= Lk Hujol nlef AAaghEEe A ke v

>

aA 9 Kk

=g

Hir

rlo

Shds Hole= o] dnbl A (Senn®t Kingman, 1978, Champman®} Champman,

1980)017] wjell xFE SAA G oA ot =& FAAE et A4
&

I 5-5. 3ol thgt s =&/ HME| & Ed=tst 54
Treat pg OM Av.-P:Os Ex-(cmol/kg) CEC Fe Mn Cu 7n
-ments (15 (g/kg) (mg/kg) K Ca Mg Na (cmol/kg) ———— mg/kg ————

CON 5.6 37.2 519.0 103 619 111 005 14.0 247 735 132 79
COMP 57 42.8 526.3 106 625 122 012 14.9 23.0 692 159 8.7
SP 5.7 44.3 528.6 129 627 137 013 14.8 219 682 144 8.6
FS 5.8 43.7 525.5 126 629 125 014 13.2 214 787 149 8.3
SL 5.7 38.7 514.0 105 625 118 006 14.6 242 683 139 8.7
sL2w - 57 37.6 518.2 118 616 113 004 14.6 239 790 146 9.5
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2R 2EEZ(PGR)IY] Aol Wo] T3 22 8950 i IFE

|
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A, B3 27 A e AEEe] &2 W, AV, Adu: 3 AF
&

A Sl whel AEe] dold AdE Bl adBER AlFe] AU Al

2 Agsted, A de] dHom ALketH had 1-50LA8 = =Hw, A4 AES
SUAER Hu Azxw <goz e (0.08-4.0kg/haga ol A tH(Verkleij, F. N
1992)

t}= Holth.(MacNaeidhe$t Fleming, 1988). Blunden(1979)¢] Al&-5-o] o3l &%
AWAIR] AgAy Fr7ju AEsE AR B 4-60d w AHEste Ho] It

Fo] FolAl S7HE Eidva shslow, A St cauliflowerd dol M dE=

- 143 -



ATAHA S 50%F7HA A 3L(3, 6, 9L/ha, 33 A 2]), cauliflowerd] 2] &F-9jl &<
2] A& 199 AAsA(53] A2]) Bi(Abetz9 Young, 1983)& ul 3l

ditfo FF FEE A A2 A7) T ¥ A2 AYE A%

2 a2 g3 ARHow g3vb e YERr] wEol,

Al zrotajorst Algte FzH 228 HEstow gl ZEo A8
7

s M Foz2A Z2RE

<Gral>e] FEstd slE2FAEe ARS A A Sk o] 3 FEE A&
Aol A7 sdol B3 dAF IRt Al Gstefof A O ol fr= FE=E
of GuA] mak= FASe] WA o2 yEhr] ditelth Faakgel] &vhE

B AoAes AAFez 2AT A7) vgEr] F& d9dS N TEet AL

MR o] gl Aeistel 45w YA FEIQ
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i =& FZ&2(Acadie Seaweed,

ol

FANECA | A4 W A " A 7]

(750g/ha) e 23] 33 Hearg
=, b7 4-6%171 = REI: B g
g, Fh B | Fol 2-3F ¥ e 7] FE7 A W 10-14L vt
S F, B | £ 4697 10-149 % g (AT) A7
G 2-6971 50-60cm 571 &% d(tasseling) 23
2.9] B 47 12 kA 7-149 F o =& 48A1%F oluj
A, 1%, WE | 15-20emA &7 | AR 23} 7] w) 53k 434%F o]
2t 78B4 10-149 % Metz7]
EvtE 15-20cm*d ZA) 12 AshA 13 G A A 7] u] Z=3FA] 48] 7Fol Ul

2= ?;/%;13 13] 23] 33] 43) 29 &) A} 8}

sl | 70 | e Asazs | Agan | S10H e
7 1100 | sz~ s ata) ] ggﬂ 9 1o qmA e ;?;ﬁ
2 750 | 5 %0 @ | do oems | A7 Ha/e9zr) | 285 ¥
3 70 | F=E EA7 w7 A x| 3F 3F %
971 50 | o4 A 4z Az | A9z 53 B4 W) 345wk
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<& 2> =/ 2L (Meal)l AtSHZEZFDE 2o of
A& v8/= 7} = A= A2 o A 2 % L]
Seanure/UK Aic()(gjoy;i%n z449 Zo 70Kg/10a EEJ £¢
A 1500Kg/10a | /7he 18]
Seal ife/Canada A;C(;)C%ﬁ%n EGMA 48.3Kg/10a T T A
AR EF 482.9Kg/10a /71 139
Kelp meal/Canada Aicooéjg;i%n jﬂfj 7, 48.3kg/10a

7F FAAE
B Ao FAS Z3(Allium x wakegi ARAKDZEES ZAZFo7 HAT &
A7) E A e A Bk wre 32 20029 109 99 AUt Y& A L

gtEste] 2003 59 14L7bA] A wl ek o).

th AT A

Huk= day bR o R wixetlal, Wl 180cm TS
A2 15cm AR 159 143 34 4
A& 2~3cm Zeol2 AAF A 7 B0FE TR AL

mE 172 3
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oho Ae 8 E=AY
Zsle] 384 AMFE N-P-K=10-6.6-84kg/10aS 7|H|9& AH|stglon, *
Bipge] S HTuE 1000kg/10a5F 02 A gahe] waAuae

AUGe X 6-13 o] HEs By FrE P4 A P, Zo FrE

1
Fo) 1599 e 3 100y #FEAT, MY FEAS FERESF

% F e %
), AUALAY] 255 AFANA VG s, A% He F 28 ¥
13, %35 Z7oA A2 d F 18], 4847 2% vl el wHow 23

i)

sheiet.
Sop slad B3l FEQ Azde] AeEAE TYH] Astel 2, TE, 2
F, 99 AAF B AFNSE FANGRAIEA g8 2AE Sdov, B

o] F4do], xYWA, Al & T biomass®s AFe7] 8] el A T2

e
Ol
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e
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2} (WIinRHIZO 2002, Regent Instruments Inc. Canada)E Ab&3}e] ZA}SI oW,
AP P= Duncan A4S F3ske]l A zte] §o4& HAstATt.
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o o ARE AA LAz EF o|FeH E43 ABAU Frlol @

A A e o8
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FTAZHES WS EnE(Lycopersicon esculentum Mill) 7 FF0 24 20023
9Y AHAste] 2003 29712 A RAT ZAW WERE A Bt A A A )
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(N-P-K-31E-§&-F8=10-5-5-3-0.3-12) 70kg/10a o2 7|H]*g3}il FH &=
Folow A%PRe nelstel Austgitt,

o ATl B 4556, 15 25 2 500154, Qi
A2 A7) 2521027 209 AT A1E AF A2 el Adea, A%
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AAAE oY F FH7F 156~20em AFE W 13], A WA ko] ¥7] d 13], A
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# 6-1. Y= EotEo| et sh=F FEAEHAAME) M2

A o2 A2 W &
o) 2 7-(CON) el =] T0kg/10a, ¥l 13E/10a
Zz9 1599 1000} WA 2 (STI0) ue 2@k 1509 108wk G Ay
Zzo] 1599 200tk ARAST20) | e} FEe) 1509 20T AR
AAE 5H) 84 (DC5) e F% o) 5ule) #3148 AHA)
A A% 154 54 /(DC15) nle) %ol 1599 43] ¢wiA ]
ARAE 259 54(DC25) He) FE o} 2569 48 GwA
AAE 509 54(DC50) we) FE o} 506 o) 435w A
AgA AN F BFERS) AN EFRTG0 S 250n0/F) 2 43 QA H)
A2 & #F(S) A EFF (508 A 250me/F)
3. % A

B FAF A (Solanum tuberosum)®EZEF-S 41| (Superior) & &= 11
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6-3. sl =7 MMl MlLdHnt sFof wE ZFuto| YKot Tt

FH

Root Leaf Bulb Tiller Shoot  Root fresh

:Fnl;eeitt heizllil(t:m) length No. diameter No. fresh wt wt. (k:}i’ll(j) 0
(em)  (stock)  (mm)  (stock) (g/plant) (g/plant)
CON 28.6 15.4b 25.8 88.7 104 69.3 4.6b 5.54g
WS 28.9 17.5ab 26.8 1129 10.2 772 5.1ab 6.17g
SS 31.5 17.9ab 30.7 1185 12.3 123.9 7.2ab 9.91cd
SSS 32.9 18.0ab 33.2 1574 105 101.2 6.3ab 8.09f
SI 30.5 18.6ab 26.3 1187 12.0 96.1 5.1ab 7.69f
STI10 31.9 17.7ab 34.7 1351 13.3 1249 7.1ab 9.98cd
ST20 31.9 19.5a 31.1 119.4 10.9 1159 8.6a 9.27de
SE5 30.5 18.9ab 29.1 132.3 10.7 114.3 4.5b 9.04e
SE15 33.5 18.8ab 36.7 1339 12.9 134.6 6.8ab 12.19a
SE25 315 17.5ab 35.3 1275 12.1 127.0 6.7ab 11.36b
SE50 31.5 19.4ab 32.3 1259 12.0 142.1 7.4ab 10.15¢

Mean separation within columns by DMRT at 5% level.
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6-1.

35

30
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20

Plant height(cm)

15
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65

N w S )]
o a a (&)

Leaf No.(stock)

-
a

s =/ AMAAMelof we Futel =& ¥l &

Nov .2

Dec.15 Mar .22 Apr.19 May .14

—4&—CON —1+—Wws —A—SS

—X —SSS —X—sl —e—sT10
al —0—S8T20 —=—SE*5 —+—SE*15
—O—SE*25 ——SE*50
Nov .2 Dec.15 Mar .22 Apr.19 May .14

Investigated date
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Tiller No.(stock)

210
190
170
150
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110
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70
50
30

Bulb diameter(mm)

Nov .2 Dec.15 lAar.22 Apr.i9

May .14

—4&—CON —{1—ws —A—SS
I —X—SSs —X-=sl —8—ST10
—O—ST20 —=—S8E x5 —+—SE x15

I —O—SE x25 ——SE x50

-

) ¥

\aox:

Nov .2 Dec.13 Mar .22 Apr.19
Investigated date

MM K20 we Zule] 2yl 3
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mah eale]l TAZ] WHE BY A5Ael: BmmAFE vgex gou
39 22U EE daTo vs) ATl vk H150] o F Aol mols] A

Astol 59 Fo FHANE 25N GEALDS A2F FTAGR GUA
ol FF 150mmel 4oz e TARE ehyon, £ 234 Aest
we FAZS ngou 2gel Aol ofF Am BA%I Aol AAF Frhele

Zsto] AR Y AT ASFELS 17 63904 nE NTYge] o

F FA4% AAF F4E dehgon, 4

a%, agn 1 99 Aest v s

o agew vxe A = AALEL 79 0gAF FES wol: w1 o

7 AA A =olAM= 100-150gH S Bl & AFol7F Rl AT. 2

of 2553]4 GAA T} FE) BFEAYNA 49 199 o F wArU YAF
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.64 sl =&/ MAM X2l Zu F2(o

Treatments Total r((()j%t) length surfrgget}alarg?t(cmz) Total C;Kolume Roo(tplt;%i)No.
CON 388.7+x114.1 91.8+23.2 1.73£0.37 436.2¢c
WS 399.9+130.1 89.3+34.0 1.61+0.66 519.5abc
SS 421.7+78.8 96.0+15.8 1.74+0.25 477.3bc
SSS 413.6+96.2 91.7+19.1 1.62+0.31 509.2abc
SI 488.6+£96.5 106.5+15.5 1.86+0.18 704.0abc
STI10 528.7+62.9 122.7£17.6 2.28+0.38 648.7abc
ST20 466.9+56.6 103.5£18.5 1.89+0.45 643.5abc
SL5 456.3+145.4 104.4+36.6 1.91+0.74 485.1ahc
SL15 566.8+110.1 127.3+24.9 2.38+0.52 802.1ab
SL25 531.3+83.8 116.4+8.4 2.05£0.17 819.1a
SL50 498.2£8.0 108.7+15.0 1.91+1.00 664.3abc
Mean separation within columns by DMRT at 5% level.
. 6-5. Zut Al = E o|etsty
Av.-
Treatments (E);Ig) (uéi/(cjm) (g({)/, }1:2) Exch - (cmol/kg) PyOs Fe Mn Cu 7n
K Ca Mg Na CEC - mg/kg ———————~
Al 5.1 46.3 378 122 500 085 018 1452 5175 350 770 143 151
CON 5.1 41.8 367 134 483 075 0.14 1316 5389 545 679 112 162
WS 4.9 43.2 378 124 422 071 006 1249 5022 451 471 149 146
SS 5.1 37.5 394 140 467 085 043 11.86 5434 457 544 158 196
SSS 5.0 44.8 353 143 451 080 0.10 1298 5102 422 472 165 184
SI 5.0 50.7 364 146 444 067 018 1351 5102 463 742 157 230
ST10 5.0 45.3 347 152 437 076 022 1224 5022 53.6 539 141 170
ST20 5.0 46.7 348 134 409 085 009 1232 5358 455 430 144 226
SL5 49 43.5 371 120 443 058 0.11 1201 5198 432 399 153 245
SL15 49 39.8 365 118 456 062 015 1254 5068 375 698 139 208
SL25 49 43.7 384 117 445 065 0.04 1226 5144 422 397 149 141
SL50 5.1 41.1 343 123 434 072 0.05 1231 522.7 458 422 130 133

Mean separation within columns by DMRT at 5% level.
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I 6-6 =R/ XE|YH & sFo e Ue EnlE 48 ¢ YFHRL
Treatments Em:M owwwmm:ﬁ &wwmwmoa OWW%MMW . H\mmwamwu ) wwomw‘wm M.ﬂ#% _M,sw%w wﬂ% gMMMMn u%mm
(mm) (mg/100cr) (Plant) (Plot) (mm) (mm) (g)
CON 141.2+£158 13.3%19 3.7£0.02 18217 504267 70.2£372 293+21 32427 193+32 4.20:0.08
ST10 1476+115 13.0%15 34+0.10 184414  59+256  77.1£329 286424 322425 20647 429029
ST20 1439+9.8 13.9+24 3620.02 19.4+02  6.7+273  87.7+351 291425 322429 19443 4.21x0.07
DC5 142.3+12.7 13.2#19 3.7+0.09 22.2#46  58+253  815£351 289323 31.9+32 19.7¥49 421007
DC15 136.4£11.7 13.6205 3.70.02 19.4+12 67299 948415 287421 31528 18441 4.22+007
DC25 1451253 - 128466 3.7£0.07 193408  63+2.89  826+371 289+22 31.7#27 18339 422007
DC50 136.0£17.4 12.8£1.2 3.7+0.03 178429 49272 6964379 290+18 31.9+#26 18335 4.22+0.08
R+S 150.2+74 14815 3.7£0.07 188+£1.1  80+7.00 11212979 296423 326+27 19.7+34 4.21+0.09
S 1436287  12.9+0.7 3.7£0.09 189+1.2 59274 9464436 28317 31.2¢25 17.2+29 4.22:0.07

* CON : W=, ST10, 20 : 10, 20 =t} dHAH], DC-5, 15, 25, 50 :

2A+RAF B3, S
%

R+S :

s X7,

re) =
e #AF

3, 45283 2 94E 24 F 65 24

5ul, 154, 25K, 508) @HA|H|
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Az FEA% LS(mealo] A A5, 24, EAF, AGF AT 2 AAE
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Fo F 659 2o 2] A Wz = 584emldE vlste] RE 5
7

[N
B~
i
rr
o
ot
o
4
£
2
o
=
S

iy
N
rlo
By
=
)
B

(e}
o
=
fa

i
HN
rlo

9 7 A FS 2W DMRTZAY sj&fF 2% 50kg/l10ax] 2] +5ko] +3
66.45kg A T2 T-46.87kg)St ol A el o]z} eAE o x| vl 41.8%
o] #FZF7He 2ol Blunden(1972)9] A E 9] 20%9] &3 7FRth 200 717k
o Ay T BEAet FEY FUAEIt ol Holu gt F i B
Ae7F FEH Ao vls] dybA o w ZRApagFo] EobA SPI 66.45kg, SPI
56.07kg, SPII 51.01kgS weEbW iz, SL1 5840kg, SLI 52.64kg, SPIIS 53.25kgS
Bk 2HA wesh Al BAA Fo8S welstA @ AR HRAETe] FEs
Eowd FHALE bR SPI 269%, SPI 7.0% 552 e, SLI
115%, SLI 05%, SLI< 1.7%%A Al EH]E Al&st= ARt sixfF &2
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dxzfF Ao W g dAT REEAAS AR A3 F 6-8% 2ok 4
FAol dv #AE Slgolde FAE zte #AES onaty A (L) g
el TR BF T AEAe] flthal B 80gelshel A2 A A (30gols)), A
(31-50g) 2 FA(51-80g)= i, AEACl Avta HE A= A (81-150g),
S14(151-250g) 2 oA (251gel’hHE BRSGGCsEAEH, 1995). 9A 72Ae
ANFS Agdz 2 19 6-739 2o

I 67 ol 7= XNelof wE Ao dWsEST w2

Treatments RNt B oo Shoor B W ot
CON 58.4b 2.5 2279 46.87b
COMP 71.7a 2.7 265.2 52.38ab
SP 50 72.2a 2.7 265.7 66.45a
SP 70 71.4a 2.5 272.2 56.07ab
SP 90 68.3a 2.9 242.5 51.01ab
SL 1 71.8a 2.7 256.0 58.40ab
SL 1T 67.3a 2.6 233.0 52.64ab
SL I 73.7a 2.8 233.4 53.25ab

Mean separation within columns by DMRT at 5% level
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I 6-8 ol =F Azlol wE At M4ME 2Ex 5

Distribution in potato weight (kg/Plot) Marketabl

Treat tato(kg/Plot)
oo <30g 31-50g 51-80g 81-150g 151-%50g lg= Total e

A4 24 24 oA 504 aga SEPY wie)  Index
. 1043 839 1074 1269 440 020 4687 o
CON 93y 179 @29 @) ©4 04 (0o 1786369 (100/9357)

1379 840 959 1412 603 043 5238
COMP 565y (161 (183 (r0) (15 (08 (op 2066393 (11907100
spso W71 1002 1320 1969 748 1B 665 Lol (e

(222) (151 (199 (29.6) aL3) 19 (100)

P 70 1217 989 1217 15.21 597 065  56.07 218689 (1263/106.1)
@17 Q76 (2L (27.1) (106) (1.2) (100 T ’ '

oo 301000 1058 I 588061 SLOL oo
256) (178 (208 (231 (115 A3 100 o

1443 1042 944 1769 564 076 5840
SLL oy aze) aen (03 ©n (13 (oo 41413 (39I17D

L 1439 819 1019 1408 567 010 5264 ool el
@73 (156) (194 (267 (108 (20 100 R

oL 1207 820 1083 1532 5.72 108 5325 21416 1Z19/1075)
(227)  (154)  (203) (288  (10.8) (200  (100) B o

© Yield index as a basis of control(CON), ? : Yield index as a basis of commercial
compost treatment(COMP)
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T 69 HAANYE T EQF 0|3EN E4
Freamen: P EC OM wwow Ex.-Cation(cmol/ke) CEC Fe Mn Cu Zn Cr Pb As
(15 @S/m)  (g/ke) (mg/ke) K Ca Mg Na (cmolkg) ---—-----=-=- (mg/kg) ~——-—=-==---
CON 496 0073 322 5399 08 237 069 028 1139 4104 2945 9.02 723 0.6 557 021
COMP 492 0107 379 5555 105 241 093 033 1240 4510 3203 847 711 017 544 023
SP50 512 0074 405 5630 094 279 091 030 1177 4021 2631 837 763 016 500 029
SP70 521 0084 408 5622 100 28 09 032 1180 4350 2455 824 783 016 479 027
SP90 517 0089 416 5744 092 297 106 030 1164 4497 3084 844 745 016 482 03l
SLI 501 0055 327 5378 121 249 080 028 1117 4498 2036 895 7.45 018 504 022
SLI 508 0057 323 5283 079 267 084 026 1090 4461 2387 872 798 017 533 023
SLII 507 0071 315 5311 08 237 078 027 1122 5094 2854 841 7.68 0.8 538 0.25
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