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Effect of composition of nutrient solution on root hair development

in water-cultured tomato
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Table 1. Epidermal cell size of tomato root grown
in various concentrations of the balanced

nutrient solution. (pm)
Treatment Width Length
Tap water 19+ 2* 45+ 4
hatticnt solation 1551 8811
s TSR PEY
200% Balanced 1442 142+22

nutrient solution

* Mean+S.E. (0.05)
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Table 2. Epidermal cell size of tomato root grown
in solutions of salts used in the balanced

nutrient solution. (pm)
Treatment Width Length
Tap water 20 £ 2% 49+ 5
Ca(NO3), 23+2 30+ 2
KNO; 22+1 35+ 5
MgSO, 211 35+ 2
NHH,PO, 18+1 43+ 4
Fe-EDTA 15+1 142415
Micro elements 16+1 26+ 2

* Mean+S.E. (0.05)

Table 3. Epidermal cell size of tomato root grown
in the balanced nutrient solution lacking
single macro-element or all the micro-

elements. (pm)
Treatment Width Length
N-free 15+1%* 259 £ 22
P-free 13+1 212+£12
K-free 14+1 134+11
Ca-free 14+1 170+21
Mg-free 17+£2 186 +19
Fe-free 20+1 38+ 3
Micro-elements-free 14£1 119+22

* Mean+S.E. (0. 05)
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Table 4. Epidermal cell size of tomato root grown
in solutions of Ca-, K-, Mg- and nitrate

salts. (pm)
Treatment Width Length
Ca(NO3), 25+ 2% 35%2
CaSO0y, 23+1 373
CaCl, 20+1 48+5
KNO, 201 42£5
K,S04 2242 4314
KCl1 20+1 53+5
Mg (NO3), 23+1 35+3
MgSO, 22+1 32+2
MgCl, 20+1 52+4
NaNO; 19+1 45+4

* Mean£S.E. (0.05)
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Table 5. Changes in pH value of culture solutions.
Days in culture
Treatment
1 2 3 4 5 6 7
Tap water 7.7 7.6 7.4 7.4 7.4 7.3 7.2
[7)
12. 5% Balanced 7.4 7.3 7.3 7.3 7.3 7.1 7.1
0,
S teion sopution 6.6 6.5 6.5 6.6 6.5 6.5 6. 4
[7)
ﬁ%%ﬁerﬁalsirllgfign 5.5 5.6 5.6 5.6 5.5 5.5 5.5
Ca(NO3), 7.3 7.1 7.1 7.2 7.1 7.0 6.8
KNO3 7.3 7.2 7.0 7.1 7.0 6.9 6.5
MgSO, 7.2 6.8 8.2 7.2 7.0 7.0 6.7
NHH,PO, 6.9 6.9 6.8 6.8 6.6 6.3 6.0
Fe-EDTA 7.5 7.4 7.4 7.4 7.3 7.4 7.4
Micro-elements 7.3 7.3 7.4 7.5 7.4 7.4 7.3
N-free 6.7 6.6 6.5 6.6 6.5 6.5 6.4
P-free 7.5 7.2 7.3 7.5 7.3 7.5 7.4
K-free 6.6 6.5 6.6 6.5 6.5 6.4 6.5
Ca-free 6.6 6.6 6.6 6.5 6.4 6.4 6.4
Mg-free 6.5 6.5 6.5 6.5 6.4 6.4 6.5
Fe-free 6.5 6.5 6.5 6.5 6.4 6.3 6.2
Micro-elements-free 6.6 6.7 6.7 6.6 6.6 6.6 6.6
CaS0, 7.1 7.1 7.0 7.0 7.0 7.0 6.8
CaCl, 7.1 7.0 6.9 7.0 7.0 7.0 6.7
K,S0, 7.3 7.2 7.0 7.1 7.0 6.9 6.4
KCl 7.2 7.1 7.0 7.1 7.0 7.0 6.6
Mg (NO3), 7.2 7.1 7.0 7.1 7.0 7.0 6.6
MgCl, 7.1 7.0 6.7 6.9 6.8 6.8 6.6
NaNO; 7.2 7.0 6.9 7.0 7.0 6.9 6.7

T, HFEARNOEIC X - T Mo Fikiz i
(Papilla) 235 bbh, FRAVBBICRE~LEET S,
Cormack (1944) 37 v ¥ =V, xXI /A% pH %
P % 72CaS0, WK THRILE L, HERA TR EFT pH,
Ca OFE%, MEEOHE/EE L oKL LHHAL
Teo FRIZ XD L, MMEEOTELERE X Ca IBENE
VIR KR, HERHE, AT b ) MEMETIE, REBO
SRS D, Ca BENEL, LERIC pH 28
LT A VMETH B L, HREEOTE(LEEE
B ETHBEE2HTo L BRREgIZRY, Vol
AFERR L e BB bR T &,

ARG TIT o e EROLWERX O pH iZ, »TFh
7THIE ORISRV LT A VT, BEOFEER
LoTRIFRMETH >0 E7z, EBEOKBHRRETY
NE#Fic NO-N TEHEX T 2#IE 1%, pH »
TS T AL VAL EET 52, ZOELAR
FORAELZHETIHEETIIR V.

REBDFEA DL/ ITHERITHARLDE I X - THRE
&h, H#EKO pH, EC 72X off & i3B#s 720 -
Too HIC, AKEEEEETHAONAREDL, FORAERE
23 pH % EC OZB{bicdh 5 LiZEZ b,

BEOKEIC SV TR ZHE TIREE K DR
I TV 5 (Hayward 51942, Rosene 1943, Rosene
and Walthall 1949, =3#:51961, Lewis and Quirk
1967, Drew £1969, Barley and Rovira 1970), 3%
DAL > TROKXEEPHML, AIRLESOR
IAMEI+ % (Hayward £1942, Rosene 1949), L
2L, Barley & (1970) i3/k#h#kil TR4 L iREIC
X BBADOWNBRITIDTHTHSB L LTS,

LS8, BREROBTFRIFRE, BE, EhEox
FBRELZ LIRSV TLZDOREBERAEL, REHLELD
FRzZZER LR TER bRV, LRRC, Kt
BT CHRAE LIABEOBEEIC SV THHL IR LT
WhkiEie b,
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Table 6. Changes in EC value of culture solutions. (mS/cm)

Days in culture

Treatment
1 2 3 4 5 6 7
Tap water 0. 12 0.11 0.12 0.12 0.12 0.10 0. 09
ﬁé;ﬁﬁiﬁﬂﬁ;ﬂ 0. 48 0. 43 0. 44 0. 42 0. 44 0. 41 0. 35
50% Balanced 1. 40 1. 20 1.20 1.20 1.25 1.20 1.10

200% Balanced

nutrient solution 4.30 4.15 4.10 4.35 4. 40 4.30 4.25
Ca(NO3), 0.42 0.43 0.42 0.45 0.44 0.43 0.41
KNO;3 0.62 0.59 0.51 0.57 0. 60 0.59 0.54
MgSOy4 0.28 0. 30 0.29 0.27 0.27 0. 24 0.29
NH,H,PO, 0. 20 0.18 0.18 0.18 0.16 0.16 0.12
Fe-EDTA 0.13 0.12 0.11 0.11 0.11 0. 10 0. 09
Micro-elements 0.13 0.11 0.11 0.12 0.12 0.10 0.09
N-free 1.20 1.25 1.25 1.25 1. 40 1.35 1.30
P-free 1.30 1.20 1.20 1. 20 1.25 1. 20 1.20
K-free 1. 20 1.10 1. 20 1.15 1.15 1.15 1.15
Ca-free 1. 40 1.15 1.10 1.25 1.35 1.35 1. 20
Mg-free 1. 20 1.10 1.10 1.15 1. 20 1.15 1.05
Fe-free 1.30 1. 25 1.20 1.30 1.35 1.25 1.15
Micro-elements-free 1.30 1.23 1. 20 1.25 1.30 1. 20 1.10
CaSO0, 0. 48 0. 48 0. 50 0.52 0.53 0. 44 0. 46
CaCl, 0. 50 0. 50 0. 50 0.54 0. 49 0. 49 0.53
K,S0, 0.58 0. 54 0.53 0. 55 0.52 0.58 0. 56
KClI 0.63 0. 60 0. 55 0.55 0.58 0.52 0.55
Mg (NO3), 0. 80 0.81 0. 81 0. 87 0.79 0. 82 0. 89
MgCl, 0.31 0.34 0.33 0.31 0.29 0.29 0.29
NaNO3 0. 87 0.96 0. 88 0. 86 0.93 0.88 0. 85

Table 7. Composition of culture solutions lacking single macro-element or all of the micro-elements.

(mg/1)
Treatment
Salt Micro-
N-free P-free K-free Ca-free Mg-free Fe-free 1. cnts-free

Ca(NO3),+4H,0 475 475 475 475 475
KNO; 405 405 405 405 405
MgS0O,+7H,0 250 250 250 250 250 250
NHH,PO, 78 78 78 78 78
CaCl,+2H,0 296
KCl1 299
NaNO;, 340 340
NaH,PO0,+2H,0 106
Fe-EDTA 12.5 12.5 12.5 12.5 12.5 12.5
Micro-element 0.1 0.1 0.1 0.1 0.1 0.1

stock solution

* expressed in ml/l, of stock solution containing H3BO, 30g, ZnSO,-7H,0 22g, MnSO4+4H,0 20g,
CuS0,5H,0 0.5g, Na,MoO, 0. 2g per litter.
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Summary

Observation was made on the root hair of tomato
(Lycopersicon esculentum Mill cv. Saturn) grown in
commercial water-culture beds. There were parts
with many, few and no root hairs, on a single root.
Although the development of the root hair was
generally sparse, no root was observed that had no
root hair at all. The root hair development was
not altered as the growth stage of the plant prog-
ressed.

Tomatoes cv. Ohgata-fukujyu were grown in
three concentrations of the balanced nutrient solu-
tion, in single salt solutions or in the balanced

nutrient solution lacking single macro-element or

all the micro-elements. The concentration did not
affect the development of the root hair. The root
hair development was abundant and the epidermal
cell was short, in single solutions of Ca(NOs),,
KNO3;, and micro-elements, and Fe-free solution.

Calcium, potassium, magnesium and nitrate salts
with varying accompanying ions were used to grow
tomatoes.

Ca and NO; tended to promote the root hair
development.

The root hair development appeared to have no

relation with pH or EC of the nutrient solution.
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Fig. 1. Root hair development of tomato grown in commercial
water-culture beds.
1: abundant 2: few 3: none
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Fig. 4. Epidermal cell of the second order lateral
1: 50% balanced nutrient solution 2: Ca(NO3), 3: Fe-free
4: Micro-elements



