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Studies on the Nutrient Solution Culture of Allium sativum
1. Effect of K and Na Content Ratio in Nutrient Solution on Rooting

and Early Growth of ‘Aomori Garlic

Chang, Jeun-ik

Summary

The effects of KCl and NaCl levels on early growth of ‘Aomori’ garlic plants grown in
nutrient solution at the Agricuture and Forestry Center, Tsukuba University were
determined to obtain basic information for fertilization method. The results obtained are
summarized as follows,

1. The levels of KCl and NaCl did not significantly affect the number of roots and

leaves,

2. Length of roots and leaves was greater in plants grown in the nutrient solutions of
less than 15mM KC! and 20mM NaCl,

3. Growth of roots and shoot was greater in plants grown in the nutrient solutions with
less than 4.0 mmho concerning the EC value,

4. Fresh and dry weights were greater in plants grown in nutrient solution with lower
levels of KCl and NaCl, There was no difference among treatments for the dry
matter ratio.

5. Shoot growth of garlic was harmless without application of KCl and NaCl in nutrient

solution,



2 CIMYNERRSE

F &

ol o] AMENY KRS BRETHE ol B B
B ZF T e WY H BAS o8 AT
of'* 17 % ofafA] go| o]t MK ol
HH v]Ae Gy N T e He
Kigolct.

olg o] £Ethe NAE BEE PR
RRAzsie] sl #@K e Rkt vl slel Nagj
£ o] PFeuvlx Nag] ol iy HERHLS
o}z gle YHolo,

&' ol o3l R ¥ L& tone] Na,NO,
(Aez4)7t B AT Hifod EHS
o, o4& YoM AsxHE HH XY
7§l Na,SO, =& NaCl¥ KAl Bk
BRE EH otz stedxn, LFE A
Bgol iy REEE F3lol, & H(LE
FE+ Nag iRzl 23t AYE ¢3lx o] & Na
BRZHE ol 2t #Eskalot,

Cooke® = Nazt ol@ fEfell QlelMe 2 4
REFA LAY AL by g R 59
A4 Nao| FERE TANA BKE 7lA 2+
do] Ydonl ofm {EHe K7t TEF A$ol
Nad HE@E#MAN To24 BFEE Lotcha 3
el AT 2, gZeAE Nag 48
ez, KoF 725508 & wlofl = BHosR
7} Yok n e,

Zink™ < vh5-2& £FERME =tet Na§ Rk
F¥ota 3tx N)K>Ca)P)MgyNallf o 2. ST
& Wigsled Nas acrew @ 7318 = A
Bt n skt

= 'L AEEREEC ols AR o

B Gl vlxls odgkol g REgoll A o7
7hz] el &0l A4 Y REREoZ WHEUE
shed mlE o] A& ¥ AR Pl X< HEME
Aol thaled #iEsd 2 €2 ulEol UelA
2ok BEERE o] BERRIL ulxle o 3ol
tisle] sl o Naoll chahAl s A=
193142 8

HE"™ 3 F°e uled BHSRKEERS
RHIERERES 53l HPIRA Nag g2 &
BEfE whet wstrt Al 535 SR
F RN 7P AT ZRE v ded BHS
&ol 1,700ppm7t =] #Ehuste o2 Hol Na
WAREREE 7L S} o1 BRRE 22 ot
o oRuestg on, Sl = ols Y BRSOl
BEY BREGEARS BE B3 PFFEAA
NH,$} NO;2f v]-go] 2: 28} NH, 9} NaCle] u]
7} 2:29 WEEHKEANA b3 £F A BRKE
ol o} & ENER ot HE kol UA FUchx 3t
deonl, Ko BEE @& AL £Fo §F
ok #Est o glot,

A RS BREHIEE 53l NaClo] olgo
olW Fag FExE FHstnA 1989% 7A
$¥ 1990% 1A7A H#A9 Tsukuba X% M
HAELS] BEANA KR,

MR R 5

ohs& A #Hikols (EME) 7.0~8.0¢
arje] S kA n Ca(NOy), - H,0 (3mM/
g), MgSO, - 7TH,0(2mM/¢), NHH,PO,
(2mM/¢) ok NH,NO, (3mM/¢) & %2l &
FRET AE BAEERoZ 3l H,BO, 30
g. ZnSO, - 7TH,0 4 .4g, MnSO, - 4H,O 40y,

~-50-



CuSO, - H,0 1.093% MoQ, 0.492] #EBEBEFS
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Table 1. EC of nutrient solutions by treatments(mmho.).
Treat, Treat, Treat, Treat .
kcinacl | B¢ | kasnaa | EC kciaNacl | E€ | koenact | E€
0.0+ 40mM 5.74 10+ 40mM 6.83 15+ 40mM 7.14 30+ 40mM 8.38
0.0+30 4.78 10+30 6.08 15+ 30 6.58 30+30 7.58
0.0+20 3.86 10+20 5.03 15+20 5.69 30+20 6.61
0.0+10 2.92 10+ 10 4.14 15+10 4.61 30+10 5.7
0.0+0.0 1.76 10+0.0 3.16 15+0.0 3.96 30+0.0 4.62
PIEAB T Wagner pOt('z—(lﬁﬁ Y9 28 Kol olm] Sbsidie st B 21A

i

a
A2 el jarol] kke] rock woold el
# 2 stdth. & potollE blowerol 7€ 7l
hoseol| air stoneZ 79 pot&ell ¥z FERE
EAA A

EHEE KClo] 0.0, 10.0, 15.0, 30.0mM=. ¢
KH#eolgl 2 NaCle 0.0, 10.0, 20.0, 30.0,
40 0mMZ 5k#Ee 24 20553 3K 60EE 7T
LEBREBEC R, ®iE KBRS 20&kA°IG K
sEsbedch, REGEAME-L 1989%F 9A 128130

R A ER

KClz NaCle} ggiol o2 el ECt ki
oA B uish ol BEEZE Eob Foll wat o
gtol Az tdl 1.76mmhooll 4] 8.38mmho ¥
ot

BRES] QEr BMNE 21T F200A4 2
L slelzo] Bk 0BRB A S ERMIE,
2 e SBsA Einstchrl S08RE o A

A Az e BoiFack ol AL HEHR

obusd MiEH HE=lol A BEEUE 5
v Al dulg A7 2 v =i BEN
o2& BBk IEACH tA1EE 2 & BB H
mrt 3 Tzl Aoz BHsIgd, 29
I BREEAAME RARRAY Lo Bt
2 HFEse AEol dAse] HEU 2o %
o}, ol& el EC7F 4.0014 8.387Hx1 2.4,
o}5o FEtE o) T S sheta 3k
o 23 @R BMEEE MY F s
Zolet 475yl en], KClche NaClel 33
7t AskA Jebstct,

HES %39 2812,300 Vel uls} Zo]
% A 7E ERMoZ MRl
EBEREAME AL Mk GRERAA
£ kel F93E B3t ohin LR B
o2 WA s, EEA @& Y
€ 29 KCl EREEWN A< NaCle] 10~
20mMEEol 4], 10mM KCIEell 4+ NaCle] 0.0
~10mMEol 4], 15mMe] KCiEol4 0.0~
20mM 4] NaClEollA 60cm oldoz Fel7} 2}

g Y& & 4 9= KCl, NaCl o= %

51—



4 CERARIETTIE

TOBN WO : B —— W 10BN Wwog: O——10
‘19BN WNWQZ : v —— W% ‘10BN WW(l:@ V—¥ ‘10BN WW): 0 —o©
‘UOuNIOS JUALNU UL [DBN JO an[eA W 8Je amS(] Ul S[eloumnp
6861 ‘21 "1dag : atep Aunue[d x
‘Ol|J86 IIOWOY, JO JSqUINU JOOJ UO UORNJOS JUslijnu Ul |JBN PuB DM JO Jo8yg | Big

W og qT 01 0
%/11 12/01 11/0T T1/0T %/11 1Z/0T 11/0T T1/0T #%/1T 12/01 11/0T T1/01 %/11 1Z/01 11/0T 1/01
- "
[_}
v v
(@]
Q
. e | .
0
v/ \ ="
0O
o \ -
Q] [ O
- (] .\ \ .
v, \'
/l <“¢ o g

v O‘WQ\Q

oA

HEE RN g

01

0z

0¢

Oy

JIoqunu 300y

-52-



ohgo] RS B RS

Table 2. Root numbers of ‘Aomecri’ garlic by treatments.

Date
Treat, Oct, 1 Oct. 5 Oct. 11 Oct. 16 Oct. 21 Oct. 27 Nov. 4
KCl+NaCl
0.0+40mM 2.3+1.9 17.1x7.0 26.3t2.0 32.5%0.2 346X 1.0 36.3% 1.2 37.5x 0.9
30 4.8+4.3 12.2+3.8 21.8%6.8 23.3£7.4 246+ 8.1 21.0%11.5 29.6%11.6
20 9.5+1.6 23.9*1.6 33.8+2.8 33.0+1.1 347t 1.8 36.0%f 2.6 358% 36
10 17.542.6 24.1%£3.2 324%22 366%1.4 37.3t 1.3 37.4% 2.0 415+ 23
0.0 19.3+3.1 23.1+1.2 30.1%£0.3 33615 342+ 15 347+ 2.0 35.2% 23
10+ 40 52+25 12.6+2.7 202x2.4 240%t4.4 259+ 3.7 27.0+ 6.0 33.5+11.2
30 6.5+t2.4 8.1%+3.1 153+3.7 19.8+3.9 19.1%£ 3.4 257 3.1 223+ 7.0
20 6.0+3.0 158t2.7 24.8+3.4 29.8+3.4 30.1%x 3.1 32.7& 50 34.9% 3.9
10 92+2.7 16.1%2.7 28.0+1.9 32.8t17 344% 1.7 348% 18 351+ 2.0
0.0 12.0£3.0 182+2.3 25.1+3.1 31.1£3.9 315+ 3.8 31.7+ 3.6 34.5% 3.0
15+40 49409 8.3+07 16.4%1.3 240+3.2 253* 3.3 26.6% 7.6 24.8% 3.2
30 54427 95%51 16.8+8.6 11.0+8.1 24.6+12.3 30.5% 4.3 26.4%13.3
20 6.8€1.4 11.5t2.6 21.7%£35 28.4*44 292+ 38 326+ 76 31.5% 45
10 63+2.3 12.5%4,5 20.1%£3.4 27.1*44 279+ 3.7 27.2% 3.5 29.1% 3.7
0.0 9.1+2.1 195450 29.7+26 36.9%26 375+t 1.7 41.8% 0.8 40.7% 1.0
30+40 2.3+15 7.0%0.5 18.2%1.7 27.0%1.4 29.4% 3.4 31.9% 24 271 1.7
30 56+22 10528 14.5t29 21.9+23 252+ 1.7 245+ 3.3 24.9% 6.0
20 14.0+56 13.2+1.9 243109 29.9%3.0 31.1% 4.7 28.9+ 9.5 33.0%11.1
10 62+1.6 109+23 242425 31.9%2.1 318+ 1.7 3b.7% 2.6 33.8%58
0.0 18.9+3.1 19.7+1.3 26.4%1.7 30025 31.0+ 1.2 31.3% 1.6 33.4%f 23
o] & 20mM PI#HS] MEESL iRl Mol AYst A (a™I).
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Table 3. Root length ‘Aomori’ garlic by.treatments.

Date
Treat. Oct. 1 Oct. 5 Oct, 11 Oct. 16 Oct, 21 Oct. 27 Nov, 4
KCl+NaCl

0.0+40mM 2.5£3.8 7.8+3.2 16.8x3.0 27.2x25 32.5*1.6 43.1+ 2.1 52.9% 2.0
30 3329 66+26 14.0%+3.8 21.5%53 25173 26.6*14.7 29.9%t16.4

20 10.3+£2.2 18.4+t3.5 28,3%3.3 37.2%x4.8 43.3%3.9 545+ 3.7 63.6%t 3.1

10 13.6+0.2 14.8f1.9 26.4%1.6 34.5+29 41739 490+ 55 60.5+ 3.6

0.0 13.7£2.1 16.3%£3.4 25.1%3.1 336+%3.4 38.9%36 46.6% 4.8 52.1% 4.7
10+40 9.8+2.0 13.8+3.5 16.8%3.0 24,9450 32,851 38.4%f 9.9 60.1%20.5
30 11,413 14.2+17 19.6+2.3 26.8+1.8 30.5+1.2 43.3+ 6.7 54.1%+ 8.7

20 10.5£0.5 10.6%+3.1 23.0£3.1 33.3+4.0 37.5%3.9 41.1+ 1.8 46.1+ 4.2

10 12.4%1.3 19.1%x15 31,521 43.5*28 502+14 572+ 1.7 63.6%x 6.2

0.0 12.5+1.5 15.0%+2.7 26.61t3.5 37.6+3.8 445%3.4 544+ 33 66.3 2.0
15+40 10.2+1.4 13,324 14.9%1.1 22.3%0.6 26.0£6.2 33.1x 1.5 38.4* 4.2
30 8.5+4.3 9.0%58 13.5+6.9 19.9%10.1 26.3+13.2 36.1+15.3 26.9%t18.9

20 11.7+#0.3 11.6%x1.2 19.2+4.4 26.9%53 33.9t58 446+ 6.0 58.9% 48

10 9.0+£3.0 12.6+4.8 19.1+4.3 28.2+4.4 315457 453% 50 559% 48

0.0 14.7+1.9 152%3.6 26.5+3.1 38.2+x3.7 44,138 59.9% 2.3 70.7% 2.4
30+40 6.2+3.6 4.6£1.6. 13.3*1.3 20.7f1.6 23.1%£15 20.1+£ 1.9 14.8% 1.4
30 98+t4.2 9.0x4.2 14.1+56 23.2+6.2 255%6.9 24.1%x 6.1 23.9%+10.0

20 11.3+2.3 10.6x1.4 21.1%£59 28.6%+6.2 31.4+66 30.4% 6.7 23.2% 9.0

10 10.1+£1.1  11.1%1.9 21.6%3.4 29.9%1.7 31.3x1.2 30.3x 3.4 27.7% 57

0.0 17.6£3.2 158%3.0 25.9+t4.4 33.5%54 369*54 32.3% 54 30.2% 4.8

2.0mM, S; 0.0~9.0mM2| BEEE} Ko B
[ 0.0~12.0mM o4 FERE B o
= Baef v FRUCG.

RS XR59 2% 6 7oA As 2 &
% 708 B 7tA & Ryl Eiimel M
st A golAlE A%gE Bolxn Yo BEKE
Rl Mt {dfkel HE=Igict, KClo} @l
€ ¥EES 349 15mM LT 9 Kk#oll A NaCle)
BE 20mM LAT 9] KigoA Aolzt Hejzn

qlen, & KCIE 9] NaClel BERZ 2 &
BRE A ol IR 5 & KCI,
#%& NaClEolAl & =gtz ldedl (2®7) o}
o i AFlE K07 2= "ex ¢
otz BHsiglch, @i Ko BE 8.0 =<
12.0mME A, 8o} F& Eo] FERY o} 2
tln #e&skgdl, KCl3 NaCle] BE#e
BE>F 20,0mM LITr, ECEz 24

4 O0mmho LITFelA 4£&e] 254 Agsct
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Fig.3. Rooting conditions of ‘Aomori’ garlic in nutrient solution culture.
above: 50 days after planting.
middle: 70 days after plauting.
under: 90 days after planting.
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Table 4. Leaf numbers of 'Aomori’ garlic by treatments.

Treat, pete Oct. 11 Oct. 16 Oct, 21 Oct, 27 Nov, 4 Nov, 25 Dec. 16
KCi+NaCl

0.0+40mM 0.8+0.4 1,504 2.1x0.3 2.8x0.1 3.5%0.1 4901 5.9%0.3

30 1.0£0.6 1.1£0.7 1.5+0.9 1.8£1.0 2.1£1.2 4.2+0.4 5.1+£0.8

20 1.6%0.1 2.5%0.0 2.9%0.1 3.7+£0.1 4.9%0.4 5.6x0.1 6.8+0.1

10 24402 25+02 3.1%03 3.7£0.2 4502 49102 7.3%0.0

0.0 23+04 26+02 3.3%04 3.7£0.2 4403 63102 7.3+0.2

10+40 1.2+0.2 1.5t05 1.7x0.2 2.,7£0.3 3.2x0.6 4.2%1.1 6.3+2.1

30 0.7+0.3 0.8+0.4 1.7t0.3 2.4x03 3.2+03 43+03 55%0.3

20 1.320.2 1.9%£0.4 2.4%0.4 3.2%0.2 3.710.2 5.0+£0.3 6.4+0.1

10 20402 2.5t0.1 3.4%0.0 3600 4.8*05 5905 7.4*0.4

0.0 22402 2.4%+03 3.1+0.3 3.8*0.1 43403 6.6+0.3 8204

15+40 -%- 1.140.1 1.4%0.2 2.2+0.2 2.7+05 3.9%0.4 51106

30 0.0£0.5 1.420.7 1.9%1.0 2.2x1.1 3.220.7 3.9+0.9 4.8+0.8

20 0.7£0.3 2.0+0.0 2.3£0.4 3.240.2 4.0%£0.3 55%0.3 6.6%0.3

10 1.0£0.5 1.8£0.3 2.1£0.4 3.1%x0.3 3.7%0.3 5.8%0.3 6.7£0.3

0.0 21402 2.4%+0.3 3.1%0.1 3702 4.4%0.2 6304 7.6%0.2

30+40 -%- 0.7£0.3 1.2#0.1 1.9+0.1 2.1%0.1 2.8+0.3 3.8%1.3

30 0.7+0.3 0.9t0.5 1.6+0.3 1.8+0.4 2.9%05 3307 4.2%0.6

20 1.240.6 1.5%0.3 2.1+£0.6 2703 2.9%¥0.4 3.9%0.4 5.0£0.6

10 1.3+0.3 1.4%0.3 2.2%£0.1 2.8+0.2 3.2%0.2 4.1x0.4 52%0.4

0.0 21403 2.3+0.2 29+0.3 3.3+0.3 3.9+0.4 5104 6.3+03

I ¥ 4 U, olsh fAY Agolat A2t
sigich, ol HTH Wikl oiwl dYE 3
AUA oz KHY BEolAY Uoky B
£ 8AE B £Fole AR,

#ES B TR & BWES BHRE
Bl % 63 7ol vhehd wbsh ol # L T
# 25 WSS #HEel 3leiA KCl, NaCl
& EEMCIE BES HEES o BE
o) MEERAD kel SleiAt Hitw AR

ol e Al ebstet.

KCl5} NaCle] REE7F 3& Eoll A #u b i
Tie A0ES EHEe #mnsiz Aded
KClo] 10.0~15.0mM XK#elA NaCle]
20.0mM LAFe BEA, #3 & NaClEol
A Ewmslgden, EHEde ERV HHe=
2 KK o2 YA BERY BH
oold dae Fx e oz Bysigic,
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Fig.5. Leafing conditions of ‘Aocmori’ garlic in nutrient solution culture on 80 days ofter

planting.
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Table 5. Leaf length of ‘Aomori’ garlic by treatments.

Treat. e Oct. 11 Oct. 16 Oct. 21 Oct, 27 Nov, 4 Nov, 25 Dec. 16
KCl+NaCl

0.0+40mM 1.3+0.8 6.3x2,1 11.8%3.0 19.5£2.1 28,1+ 1.4 466t 2.9 458+ 2.3
30 3.4%3.2 5.2%3.4 8.3+6.1 12,4%8.9 17.2+12.1 29.8%11.0 39.4% 6.5

20 8.2+1.5 17.3+£2.0 24.7%1.3 32.7+0.6 36.5£ 50 605+ 1.9 553+ 1.9

10 13.7£2.7 18.5+5.1 27.3%24.0 37.5%45 47.4%* 54 617t 2.3 553 1.2

0.0 11.5£1.0 20.1+2.3 25.5%+2.2 33.4+2.9 415+t 2.6 63.2+ 1.5 556+ 3.2
10+40 2.1£1.0 5.9+3.5 8.0t2.1 14.3+3.1 22.1+ 6.3 34.1+ 42 34.0%15.6
30 1.6£1.0 29+1.7 8.7t2.9 15.3x1.7 22.8t 5.7 33.5& 4.8 39.9+ 3.8

20 3.1+1.4 8.3%+3.0 15.0%4 0 22,0£3.9 29.4%+ 3.7 406+ 2.3 39.0f 1.0

10 10.4+1.2 16.4x15 24.2+1.8 33,4129 428t 4.0 55.2+ 9.8 52.3+ 8.4

0.0 12.5£2.0 17.0%3.2 24.0%4.0 34.3+48 43.3+ 55 63.2+ 6.0 59.8% 7.7
15+40 o 24106 5.8+1.3 12.1*1.1 133+ 36 275t 7.4 360t 76
30 1.9+1.4 6.7£3.5 11.5%59 15982 243%* 9.6 357+11.2 38.4% 8.2

20 2.8+20 7.7+0.3 12.9+26 20.2*2.8 345t 55 50.2+ 4.5 489+ 2.4

10 3.81.9 7.5+2.1 122+2.2 20.7+2.8 28.2%+ 0.6 423+ 2.0 429%f 2.6

0.0 10.6+1.9 16.0%2.6 23.9t3.1 34.6£3.1 44.1% 3.3 605+ 3.9 56.2t 2.5
30+40 -%- 1.0£0.5 4.7%1.1 9.5£1.0 11.5+ 0.6 13.0+ 2.8 19.5+ 6.5
30 1.2£0.6 3.9x2.1 6.6+3.2 9.0£3.6 13.1+ 2.4 193t 5.8 20.8% 0.1

20 7.4%4.1 7.2£3.6 11842 15.4%52 16.2+ 6.3 26.6% 4.7 30.8f 0.6

10 53+2.8 7.4%2.1 13.612.3 18.4%25 232+ 4.2 302+ 3.4 323+ 1.5

0.0 15.0+4.0 16.8+1.7 25.3£3.6 28.2+4.3 31.8+ 4.2 33.2+ 3.7 350+ 2.3
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Table 6. Dry weight percentage in top parts and roots of Aomori garlic raised in nutrient so-
lution treated. '

Date freshshoot dry shoot fresh root dry root
Treat,

KCl+NaCl wt. (A) wt. (B) B/A wt. {c) wt. (D) D/C
0.0+40mM 24.0¢ 3.7¢ 15.5% 24.5¢ 1.57¢ 6.5%
30 21.4 2.8 13.1 27.5 1.62 6.0

20 37.5 5.14 13.7 47.7 2.72 5.7

10 47.6 6.14 13.7 49.2 2.78 5.6

0.0 456 5.64 12.9 48.1 2.68 5.6
10+40 21.1 2.78 12.6 35.9 2.13 6.1
30 28.5 3.59 12.3 48 .4 3.09 6.4

20 33.0 3,94 13.1 43.0 2.59 5.8

10 38.8 5.82 15.2 52.7 3.40 6.6

0.0 52.1 9.62 16.9 75.2 4.35 5.4
15+40 20.8 2.72 13.2 33.5 2.19 6.8
30 23.4 3.12 12.8 31.3 1.93 6.8

20 40.4 5.27 13.1 60.2 3.23 5.4

10 45.2 5.42 12.0 66.9 3.97 5.8

0.0 59.8 9.08 16.2 86.2 5.58 6.9

30+ 40 14.9 0.75 12.3 8.7 0.43 5.8
30 12.1 1.28 11.2 11.2 0.87 7.5

20 22.2 2.39 11.1 20.8 1.62 7.8

10 26.7 2,76 10.4 31.6 1.97 6.2

0.0 33.3 4.14 12.5 37.2 2.57 6.9
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Table 7. F-value of fresh and dry weight of ‘Aomori’ garlic plants by ANOVA.

Division 1 F-value Sign. Treatments Sx
Fresh shoot 7.763 * * KClI 6.272
weight (A) 15.068 * % NaCi

0.441 NS KCI1XNaCl
Dry shoot 15.686 * ¥ KCl 0.7572
weight (B) 22.535 * X NaCl
1.488 NS KCIxNaCl
B/A Ratio 1.853 NS KCl 0.0184
0.843 NS NaCl
0.569 NS KCixNaCl
Fresh root 10.099 x X KCl 10.567
weight (C) 7.829 * X NaCl
0.579 NS KClxNaCl
Dry root 8.170 * % KCl 0.6708
weight (D) 7.037 * *k NaCl
0.622 NS KCixNaCl
D/C ratio 0.937 NS KCl 0.0092
0.248 NS NaCl
0.551 NS KCixNaCl
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Fig.7. Leaf elongation growth condition of ‘Aomori’ garlic in nutrient solution culture on 50

days after planting.
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