FIE FEBENEMAUIATHREC L 3 HHEEE
MHDL (FREAL PIHEREOLETICRIT
IRE

JIHHE (1996) 24l wt &, MBONAKEM ARS8 52 &4 HIWE LT

5%%@:&?%%.MMT®M%ﬁﬁu%¢%M%%M§<.W%Ki%b?b@
o W R (McAvoy and Janes, 1988) | HiEIZ &% & v ) @ IEHN (Blain ctal.,
L987) , BLrP OB AL Z G THINELTH 2 &0k B b ML & OB
(Masson ctal., 1990) | LHAPILCMANIC BT 5, @IHEF M) YL S 7O
&5 b b OULEHEFE (Vezinactal, 1991) 20 &, B4 MR XN TS, 5,
PRI SR T, MBS & 5 T F TOWHELID L E % (Ceulemans ct
al, 1986) &l 72 R bl X TN 5.

Dty oSEEH S LT, AN GRS I WA 45 O S 4D Y i b

L ATOEBUS KD UGS L O b F 7 2 15 EORALFIHID F23h D [
&%%@?&&bfﬂMéﬂf%t.L#b,;:ﬁ@®Wu,uﬁ%%u%u§,
AT TOE R R OIAA LWL & ADCENT L2 HDLORINAYL  #if X4
Hd IS o7z (R, 1996 sk, 1996) . o, KBGO EIR 18 (i
1988) L7z, EHEADE Y X7 LB 2 A DGEHORIE bEG S Ts. Ln
USSR ST, R Gt &0 2 S oINS, A TR & 2Ot AL D 7 9 oD
HGEIL C BT DI R - T,

Turcotte and Gosselin (1989) (%, WIS (X BEXADCAAT - 1o &, BEIZHDCE
T 72 OF 2 ) ONA BRI DUWTHIR U, #DbR o e s sis 4 h &
WIRRIETH 5 O E%A Ul O 9 ICHE IS VORI THbYC 2175 & &
L DL M) OFMLEDEAL, #HE LT/ A REE IS5 2 LidnfETdh
HEFZ oNG, Fio, BHEIHEOMROERNICE SRR 036 L, T ORFE S

HEENS & - TIN5 Z ENTE S, C OBENET AR U7
AT d - T, HAEEDE O F FULE IR D  EEH OB RSB O L
EDEE, WG T 2 P TR E S Z ENTE S0 L. Zo kD
BEERDCIC O WTIEEN S (1987) D3k L oy iz onvThaT U, KBRS o
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WL RERS L - T b2 MEOAMIKRDME P L, bOs D — = O05 ik
BN S LU SO d s, RO mRREHAGGE L, g AU RS
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DM LA DRI OO IKRE N LAt B 7 o S,
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Table 3.1.1 Average PPF received per day during the
experiment 1, 2 and 3.

Natural (Cont.)z Om” Im
Year 2 1 7 1 7 -1
Month (mol + m“ » day )(mol +m” » day )(mol-m" - day )
Exp. 1 )
1996
Apr 24.04 26.92
May 23.08 25.96
Jun 19.04 21.92
Exp. 2
1997
Oct 13.53 16.41 13.95
Nov 16.57 19.45 16.99
Dec 10.13 13.01 10.55
Exp. 3
1998
Mar 15.48 18.36
April 20.80 23.68
May 16.10 18.98

z : Natural shows the PPF received from sun.

y : Om and 1m show the total received PPF, natural and supplemental light.
Om : just under the supplemental lighting lamp.
lm : 1m apart horizontally from the lamp.
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Table 3.1.2 Effects of supplemetal lighting on the top fresh weight, number of
leaves and lengths and widths of maximum leaves of lettuce grown by NFT. (Exp. 1)

Top f.w. No. of leaves Leaf length Leaf width
Treatment (2) (Cm) (Cm)
Cont? 55.0 av 20.2 a 12.3 @& 23.8 a
MH 80.7 b 24.4 b 15.2 ab 26.8 b
HPS 74.8 b 24.4 b 16.4 b 272 b
BL 60.2 ab 21.3 a 13.4 ab 243 4

z : Cont. ; control, MH ; metal halide lamp, HPS ; high pressure sedium lamp, BL ; blue lamp
y : Different letters in same column indicate the significant difference at
5% level according 1o Duncan's multiple range test.
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Fig. 3.1.2. Net Photosynthetic rate and transpiration rate in night time of lettuce

grown under supplemental lighting during mid-night to morning. (Exp. 1)
z: Sec Table 3.1.2

y : See Table 3.1.2
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Table 3.1.3 Effects of supplemental lighting during
mid-night to morning on top fresh weight of lettuce and

pakchoi grown by NFT. (Exp.2)
Light source? Distance” Top fresh weight

(g)
MH Om 87.9%1.5
S MH Im 65.4+3.8
2 HPS 0m 94.02.0
2 HPS Im 75.7+4.8
Cont. 59.6:+4.5
Supplemental lighting *ex
Light source NS
Distance '
.- MH Om 169.1%+ 6.1
g MH lm 111.8+ 6.5
S HPS Om 169.8+18.4
S HPS Im 160.6:+ 9.9
Cont. 123.7+ 6.3
Supplemental lighting i
[.ight source NS
*

Distance

z : Sec Table 3.1.2
y : Horizontal distances from lamps
x : NS and *, ** show nonsignificant or significant differences

at P=0.05 or .01, respectively.
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Fig. 3.1.3. Net photosynthetic rate and leaf conductance in day time of lettuce and
pakchoi just under supplemental lighting during mid-night to morning. (Exp. 2)
z : Days after planting.

y : Standard crror. n=6
x : MH, HPS and Cont. mean that supplemental lighting with metal halide lamp or

high pressure sodium lamp, and without supplemental lighting, respectively.

-56-



Table 3.1.4 Effects of supplemental lighting during mid-night to morning on net
photosynthetic rate (photosynthesis), leaf conductance, CO2 concentration in the
leaves (leaf CO2) and transpiration rate (transpiration) of lettuce grown by NFT.

(Exp.2)

Light source’ Distance® PhotosynthesisLeaf conductance

2

1

L.eaf CO2

Transpiration

mol HAO - ni? . g1 umol CO3 - mol lair mol HyO - m 2. 51

umol - m™“- §
5 days
MH Om 13.3:£1.0 0.170%0.043 166.7136.3 3.83+0.73
Im 13.6:+2.5 0.214:£0.062 193.5+ 9.7 4.48+0.98
HPS Om 14.3+1.3 0.193£0.028 185.54+11.3 3.9710.41
1m 13.8%0.5 0.175%0.012 183.0+13.0 3.791+0.19
Cont. 12.0£0.6 0.160:+0.016 183.54+11.6 3.614+£0.25
A:Light source NSW NS NS NS
B:Distance NS NS NS NS
AXB NS NS NS NS
10 days
MH Om 12.9+0.3 0.1514+0.0619 177.5£15.1 3.39+0.24
1m 10.5%0.6 0.118+0.036 137.6 +51.7 2.62:+0.62
HPS Om 12.5+0.5 0.185:4+0.019 209.5+10.1 3.5440.26
Im 12.1£0.3 0.177+0.019 209.3+ 8.9 3.6410.24
Cont. 11.540.5 0.157+0.016 201.1 % 9.1 3.3040.24
A:Light source NS NS NS NS
B:Distance * NS NS NS
AXB NS NS NS NS
15 days
MH Om 9.5+0.7 0.091£0.015 166.3+26.7 1.334+0.26
Im 9.4%+0.7 0.108+0.017 199.0+12.9 1.43+0.28
HPS Om 7.6t0.9 0.088+0.015 196.3+ 9.8 1.324+0.21
lm 10.0+0.4 0.163+0.023 227.3+11.6 2.414+0.33
Cone. 8.7+0.5 0.107+0.007 201.9+t12.7 1.56+0.11
A:Light source NS NS NS NS
B:Distance NS * NS NS
AXB NS NS NS NS
z : Days after treatment
y : See Table 3.1.2
% : Horizontal distances from lamps
w : NS and * show nonsignificant and significant differences at P=0.05, respectively.
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Table 3.1.5 Effects of supplemental lighting during mid-night to mornin
synthetic rate (photosynthesis), leaf conductance, COz2 concentration ir
(leaf CO2) and transpiration rate (transpiration) of pakchoi grown by M

Light sourcd Distance™ Photosynthesis Leaf conductance Leaf CO2

pmol » m2e 51 mol Hy0 - ni2- sl umol Oz - mol \air
5 days?
MH Om 17.11+0.3 0.222+0.010 177.8+ 7.1
1m 14.11+2.0 0.2441+0.074 204.0%23.0
HPS Om 17.4+0.7 0.2561+0.018 194.3+ 5.7
1m 18.3%£0.2 ¢.320+0.016 208.0%f 1.9
Cont, 17.3%£0.7 0.327£0.020  216.1+ 4.0
A:Light source * W NS NS
B:Distance NS * *
AXB NS NS NS
10 days
MH Om 16.1£0.3 0.241+0.044 205.8+17.0
Im 17.21+0.4 0.333:4+0.026 230.54+ 990
HPS Om 17.61+0.4 0.340+0.032  228.8:+ 6.1
Im 17.74+0.2 0.357+0.017 232.0+% 3.5
Cont, 16.840.3 0.362+0.010 239,54+ 3.3
A:Light source * NS NS
B:Distance NS * NS
AXDB NS NS NS
15 days
MH Om 10.9+1.0 0.187+0.058 206.6+27.4
Im 13.8%+1.5 0.2711+£0.052 243.51+14.6
HPS Om 11.9+1.9 0.2391+0.082 225.3:124.6
im 13.9+0.5 0.2791+0.042 237.8+11.4
Cont, 15.6%x0.5 0.334+0.013  250.9+ 2.2
A:Light source NS NS NS
B:Distance * NS NS
AXB NS NS NS

z: See Table 3.1.3

Y : See Table 3.1.2
X : See Table 3.1.3
W : NS and *, ** show nonsignificant and significant differences

at P=0.05 or 0.01, respectively.
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Table 3.1.6. Effects of supplemental lighting during mid-night to morning on top fresh weight, number of leaves, SPAD value, leaf length
and leaf width of lettuce and pakchoi grown by NFT. (Exp.3)

Supplemental® Light? Period of* Top f.w. No. of leaves SPADVY Leaf length Leaf width
lighting source lighting () value {(cm) (cm)
- 62.3+3.7 a 34417 a 204208 a 200£0.8 a 17019 ab
+ MH T 126.9+4.6 ¢ 425509 ¢ 21.6x0.4 ab 25405 b 175206 b
© + HPS T 113.0£5.5 b 41413 bc 203%£06 1 23615 b 17.0x£0.4 ab
§ + HPS E 63.1+59 ab 37.9x1.3 ab 20.8%0.3 a 25.9£0.8 b 153204 a
E + HPS L 106.0£6.8 bc 36.7£1.2 a 22.4%0.3 b 24.2%+0.4 b 16.2+0.3 ab
Supplemental lighting xx" . . = NS
Light source * NS NS NS NS
?S Period of lighting * *x * NS *
‘ - 132.5% 6.5 a 19.2+0.4 a 29.5x1.1 a 26.8+0.5 b 13.60.4 a
+ MH T 1734+ 74 b 22.1£06 b 33.4%£0.5 b 258204 a 143+0.4 b
+ HPS T 152.8% 99 b 21.9%0.6 b 33.2+0.7 b 25303 a 14.0£0.4 ab
:o_: + HPS E 1254 79 a 19.6+0.4 a 32609 b 251+0.5 a 13.5%04 a
2 0+ HPS L 136.5£12.4 a 20604 a 319205 b 259+0.6 a 13.0x0.5
o
Supplemental lighting * * * * NS
Light source NS NS NS NS NS
Period of lighting * il NS NS *

< g M N

: + and - mean with or without supplemental tighting, respectively.
: See Table 3.1.2
: T means supplemental lighting during 20 days, E and L mean supplemental lighting in the first or second 10 days of 20 days, respectively,
: Values show data from Minolta chlerophyll meter (SPAD-502).
: See table 3.1.3
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Table 3.1.7. Effects of supplemental lighting mid-night to morning on chlorophyll concentration of lettuce and pakchoi grown by NFT. (Exp.3)

_'[9»

Supplemental Light source  period Dfx chl a chlb chl total chl a chib chl total
lighting lighting (mg/g leaf f.w.)  (mg/g leaf f.w.) (mg/gleaf fw.) (ug/cm2leaf area) (ug/em?leaf area) (ug/cm2leaf area)
- 0.820+0.021 ab 0.234+0.005 ab 1.050=0.024 ab 8.136x0.294 ab 2.324+0.087 =& 10.46+036 1
+ MH T 0.792%10.051 a 9.233x0.013 a 1.025%90.064 a 8.104+0.392 a 2.375+0.103 a 10.4820.49 =a
+ HPS T 0.928+£0.050 b 0.264+x0014 b 1.190=0.065 b 9.361£0.573 b 2.680+0.158 b 12.04%x0.73 b
3+ HPS E 0.903+0.028 b 0.262+0.008 b 1.167+x0.034 b  9.144+0.228 b  2.655+0.074 b 11.80%£0.29 b
z 4+ HPS L 0.899+0.028 b 0.249+0.009 ab 1.145+0.037 ab 9.103+0.248 b 2.516 £ 0.067 ab 11.62:X:0.31 b
-
Supplemental lighting NS NS NS NS NS NS
Light source i * * * NS *
Period of lighting NS NS NS NS NS NS
- 0.662+0.032 ab 0.180x0.007 ab 0.844+0.040 ab 12.03+0.59 a 3.283+0.146 a 15.31%£0.73 a
+ MH T 0.614+0.015 a 0.168+0.007 a 0.782+0.019 a 13.27+20.24 b 3.624£0.149 a 1690%0.37 b
-+ HPS T 0.718+0.042 b 0.200x0.009 b 0.898+0.054 b 1461067 ¢ 4.059x0.146 b 18.26+0.88 b
% + HPS E 0.634£0.016 a 0.177£0.004 ab 0.812+0.019 a 12.88+0.29 a 3.574£0.073 a 16.46%£0.36 a
- + HPS L 07030021 b 0.184%£0.004 b 0.886x0.054 b 13.72£0.25 bec 356710064 a 17.29£0.31 b
-
Supplemental lighting NS NS NS s * .
Light source e * * NS NS NS
Timing * NS * * . *
z : See Table 3.1.5
y : See Table 3.1.3
x : See Table 3.1.5
w : See Table 3.1.5.
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Table 3.1.8. Effects of supplemental lighting mid-night to morning on chlorophyil a fluorescence of
lettuce and pakchol grown by NFT. (Exp.3)

Suppiementaiz Light source” Period of * Fo Fmax Fv/Fmax
lighting lighting
- 0.523+0.052 a 0.338£0.004 ab 6.8460.014 ab
+ MH T 0.452=0.008 a 0.320%£0.008 a 0.858 +0.002 ab
+ HPS T 0.499+0.032 a 0.356x0.011 b 0.861£0.005 ab
§ + HPS E 0.465X20.021 a 0.345%0.011 ab 0.839x£0.021 a
= + HPS L 0.437£0.011 a 0.348+x0.008 b 0.874+0.005 b
-
Supplemental lighting Ns” NS NS
Light source NS * NS
Period of lighting NS NS *
- 0.441+0.024 b 0.308x0.012 b 0.857x0.003 ¢
+ MH T 0.399+0.007 a 0.265%£0.004 a 0.849+0.002 b
2 + HPS T 0.428+0.004 ab 0.275+0.004 a 0.844+0.002 ab
= + HPS E 0.417x0003 a 0.306x£0.005 b 0.863+£0.002
-l + HPS L 0.428+0.012 b 0.271*0.008 a 0.838£0.002
B
Supplemental lighting NS * NS
Light source NS NS NS
Period of lighting * xx **
z : See Table 3.1.5
y : See Table 3.1.2
X : See Table 3.1.5
w : See Table 3.1.5
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Fig. 3.1.4. Schematic diagram of mechanism on the increase of lettuce and
pakchoi's growth by supplemental lighting.
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Fig. 3.2.1. Schematic diagram of equipment used in the Experiment 2.

z : The curtain was shut while lamps were lighting.
v : Light intensity was measured above the surface of NFT bed at midnight.
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Table 3.2.1. Effects of supplemental lighting during mid-night to morning on top
fresh weight, plant height, leaf length and leaf width of lettuce, pakchoi and tsukena
grown by NFT. (Exp.1)

ZPeriod of Top t.w. Plant height Leal [ength Leaf width  ratio of leal
lighting (g) (cm) (em) (cm) length/width
o Al I.5¢Ty 14724 86D 1.65 a
g st 5.0 ab < 11.5 b 6.3 a 1.83 b
S 9nd 58D n.d. 12.4 ¢ 6.6 a 1.88 b
2 34 5.3 ab 10.7 a 6.5 a 1.65 a
control 4.4 2 11.1 ab 6.1 a 1.82 b
B All 387 ¢ 22.4 b 14.1 ¢ 9.6 ¢ 1.47 ab
S st 17.9 ab 17.3 a 11.0 a 7.7 ab 1.43 a
S 2nd 23.6 b 19.3 a 12.6 b 8.0 b 1.58 b
s 3rd 21.1 b 19.3 a 11.8 ab 8.1b 1.46 ab
control 13.2 @ 17.4 a 10.6 a 6.9 a 1.54 ab
= All 26.6 b 2735 b 148D 8.7b 1.70 a
5 1ist 19.0 a 26.4 b 13.3 ab 8.0 ab 1.66 a
2 snd 15.7 a 24.0 a 12.4 a 7.2 a 1.72 a
& 3¢d 18.1 a 24.0 a 13.3 ab 7.7 a 1.73 a
control 14.1 a 22.4 a 11.6 a 7.2 a 1.61 a

Z : This column shows the lighting period, Allidays 0-24, 1st:days 0-8, 2nd:days 8-16,

3rd:days 16-24, control:without lighting.See Fig. 3.2.1.
y : Values followed by the same letter within same tests and crops are not significantly different at 5%

level, according to Duncan's multiple range test.
x : Not determined.
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Fig. 3.2.2. Number of leaves of lettuce, pakchoi and tsukena grown under supplemental lighting during
mid-night to morning.(Exp. 1)X
z : Each column shows the lighting period, All : day 0-24, 1st : day 0-8, 2nd : day 8-16,
3rd : day 16-24, C : without lighting.
y : Vertical bars show the standard errors (n=8).
X : Exp. 1; November to December.
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z : See Fig. 3.2.2

Fig. 3.2.3. SPAD values of lettuce,
y : See Fig. 3.2.2
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Fig. 3.2.4. Effects of supplemental lighting during mid-night to morning on
stem length of lettuce, garland chrysanthemum and tomato grown by NFT.
(Exp. 2

z : Culumns from Om to 3m show the disitance from the just under the lamp,

and C means without lighting. See Fig. 3.2.1.

y : Values followed by the same leiter within same tests and crops
are not significantly different at 5% level, according to
Duncan's multiple range test.

% : Exp. 2 ; May to June.
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Table 3.2.2. Effects of supplemental lighting during mid-night to
morning on dry matter weight, SPAD value and net photosynthetic rate
of lettuce, garland chrysanthemum and tomato grown by NFT. (Exp.2)

treatment ToEch)iw Roc(»tg)dw Totzzlg)dw 35{:3- PN-danyN-night
o Om® 1042 b 132 a 11.74b 320 b 11.7 b 1.7 ¢
¢ 1m 9.94 ab 1.17 a 11.11 ab 28.2 a 118b -2.2 b
o 2m 8.98 a 1.09 a 10.07a 27.7 a 9.8 ab -2.1 b
~ 3m 9.45 ab 1.17 a 10.62 ab 274 a 8.4 a -3.5 b

control 8.86 a 106 a 992a 275 a 10.3 ab -7.4 a

E

-

E Om 11.08 b 156 a 12.64b 37.7 b 199 a 32 ¢
< S 1lm 10.08 ab 1.63 a 11.71 ab 34.6 ab 18.6 a -2.6 bc
£ 3 2m 9.54 ab 1.44 a 1098 ab 33.6 a 16.0a -43b
S 2 3m 875 a 1.44 a 10.19ab 338 a 163 a -8.4 ab
O<<control 817 a 1.34 a 9.51a 309 a 178 a -13.7 a

e Om 2509c 436 b 29.45¢ 549 p 11.2cd 3.7 d

= 1lm 17.73 be 2.86 ab20.59 be 52.3 4p 13.1d 0.0 ¢

g 2m 11.75 ab 2.35 a 14.10 ab 50.6 g, 8.9 bc .2.1 bc

t~ 3m 12.27 ab 3.03 ab15.30 ab 50.8 zp 7.8ab -49 a
control 8,18 a 1.73 a 991 a 48.3 4 5.6a _-4.4 ab

z : See Fig. 3.2.4.
y : See Fig. 3.2.3. 2 1
x 1 PN 1 net photosynthetic rate (COZmg » m™ h")

-day : in the day time (11:00-12:00)

-night: in the night time with or without mid-night lighting (2:00-3:00)
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See Fig. 3.2.4.

Fig. 3.2.5. Effects of supplemental lighting during mid-night to morning and light intensity on the dry
matter partioning of lettuce and garland chrysanthemum grown by NFT. (Exp.2)
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Table 3.3.1 Averaged PPF received per day during the 2 experiments.

Month Natural (Cont.) Om” 1m 2m 3m
_ -2 -1 -2 o 2 g -] -2 -1 2, 4ot
(mol »m” «- day Y(mol+m™ - day })(mol-m" - day }mol+m" -day Y(mol-m" - day )

Exp. 1

Apr 19.45 22.33 19.87 19.54 19.49

May 22.00 24 .88 22.42 22.09 22.03

Jun 17.04 19.92 17.46 17.13 17.07

Exp. 2

Oct 11.57 14.45 11.99 11.66 11.61

Nov 8.53 11.41 8.96 8.62 8.57

Dec 8.04 10.92 8.46 8.13 8.08

Z : Natural shows the PPF received from sun.
y : Om, 1m, 2m and 3m show the total received PPF, natural and supplemental light.
Om : just under the supplemental lighting lamp.
1-3m: distance (m) apart horizontally from the lamp.
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Fig. 3.3.1. Effects of supplemental lighting during mid-night to morning on top fresh weight of

lettuce, gariand chrysanthemum and pakchoi grown by NFT.
z: 01to 3 and C mean the horizontal distance (m) from lamps, and Control, respectively.
y : Valpes followed by the same letter within same test and crop are not significantly different at 5% level,
according to Duncan's multiple range test.
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Table 3.3.2. Effects of supplemental lighting during mid-night to morning on relative chiorophyll
concentration (SPAD valuePof lettuce, garland chrysanthemum and pakchoi grown by NFT.

Exp. 17 Exp. 2
Lettuce  G. chrysanthemum Pakchoi Lettuce G. chrysanthemum Pakchoi
Omz 29.66 ax 38.60 b 42.28 b 34.42 ¢ 31.90 a 45.20 a
1m 28.46 a 3482 a 41.72 ab 29.46 bc 28.78 a 44.32 a
2m 28.58 a 30.50 a 38.92 a 28.78 a 24.34 a 43.06 a
3m 27.80 a 32.54 a 38.90 a 29.86 ab 25.98 a 42,14 a
C 28.60 a 31.84 a 39,44 a 28.36 ab 25.52 a 42,70 a

z : See Fig. 3.3.1.
y : See Table 3.3.1
x : See Fig. 3.3.1.
w : Values were measured by Minolta SPAD-502.
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Table 3.3.3. Effects of supplemental lighting during mid-night to morning

on the oxalic acid, NO3, PO4, K, Ca and Mg content (mg /100 g top
fresh weight) of lettuce and gariand chrysanthemum grown by NFT.

Oxalic acid

NO; PO4 K Ca Mg
Lettuce
yExp.l Z0m 18.4 & 356 5 67.5 a 360 a 35.8 a 16.0 a
C 19.2 a 384 a 74.0 a8 394 a 438 Hb21.0 b
Exp. 2 Om 24.0 a 370 a 58.0 a 448 a 61.4 a 19.2 a
C 20.2 a 358 a 720 a 414 a 564 a240 b
Garland chrysanthemum
Om 63.8 a 530 a 76.0 b 444 a 334 a3 11.8 a
Exp.1 ¢ 49.2 a 502 a 58.0 a 444 a 340 a12.4 a
Om 96.0 b 464 a 30.0 a 564 a 796 bH16.0 b
Exp.2 ¢ 78.0 @ 432 a 34.0 @ 584 a g1.6 al2.8 a
Pakchoi
Exp. 1 Om 252.0 a 520 a 70.0 a 296 a 930 a 24.0 a
C 236.0 a 522 a 60.0 a 364 b B84.4 a 216 a
Exp. 2 Om 2800 a 552 a 68.0 a 318 a 103.0 b 28.0 a
C 2740 a 474 a8 600 a 322 a 893 a 30.4 a

z : See Fig. 3.3.1.
y : See Table 3.3.1.
x : See Table 3.3.1.
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