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STUDIES OF THE ASH OF VEGETABLE FOODS

I COMPARISON OF SUMMER SPINACH WITH WINTER SPINACH
IN RESPECT TQO ASH CONTENT AND. ALXALINITY

Harue IMaMiva and Hireshi TErRAoOkA

In the previous paper! the correlation be-
tween the ash content and the alkalinity of
the spinach harvested in summer was discus-
sed. It was found that there was a consi-
derable fluctuation in the value of each chara-
cter, depending on the defference in maturity
of the materials, and what part of the leaf
or stalk was examined, though all the mate-
rials were harvested in the same season.

As controlling the ash content and the al-
kalinity in the plant organism, the environ-
mental conditions seem to be as important as
the physiological factors. This paper deals
with the ash-content, the alkalinity, and the
correlation coefficient between these charac-
ter in the case of the spinach harvested in
winter. The results previously publshed con-
cerning the summer spinach will be cited for

comparison.

Materials and Methods

The experiments were carried out from
Dec. 1963 to Jan. 1964, using the spinach on
the market. The treatment and division of
fresh spinach were done in the same way as
described in the previous paper!’.

The estimation of dry weight (D.W. %), ash
content (A.W. %), alkalinity of water-soluble
ash (s-A), alkalinity of water-insoluble ash

(i-A), and total alkalinity (t-A) was patterned

by the methods reported previously?.

Results

The spinach was separated into the leaf
and stalk; the leaf was further divided into
the vein and circumferential part, and the
stalk was in turn divided into the top, mid-
dle and base part all in the same length.

DW. %, AW. %, s-A, i-A, and t-A were
respectively estimated on those divided parts
of spinach. .

In Tab. 1-5, the experimental results are
summarized and their mean value and stand-
ard deviation are also pnesented. As for each
of the character mentioned in those tables,
its distribution curve is illustrated in Fig.
1-16.

The character curves obtained from 45 sam-
ples of stalk and 30 samples of leaf are
itlustrated, for comparison with the results
of the former experiment with summer spin-
ach where no division of leaf or stalk was
performed.

In each figure, the winter type is repre
sented with a solid line and the summer
type with a dotted line.

Abbreviations used: D.W.%, dry weight: A.W.%,
ash content; s-A, alkalinity of water-soluble ash;

i-A, alkalinity of water-insoluble ash; t-A, total
alkalinity. ' :
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Tabie 1 Dry weight, ash content and alkalinity of circumferential part of leaf.

_ AW, s—A i—A t—A

D.W.| AW. DY, IFW /DW|!AW FWIDWAWIFY. IDW|IAW
: % % 10g g g
1 |12.3| 2,05 16.6 | 11.8] 9.6| 57.9] 17.0 | 14.4 | 87.0 | 28.8 | 24.0 [144.0
2 |13.2] 2.47118.6 | 13.6 | 10.3| 55.2( 21,0 | 15.8 | 85.0 | 34.6 | 26.1 |140.2
3 [13.7| 1.76/12.9| 7.8| 5.7| 445 11.3| 8.3!64.3|15.1|14.0 11088
4 1133 2.20016.5 | 1.1] 83 50.315.8|11.9|72.0 26.9 | 20.2 i122.3
5 li4.6] 1.92013.0| 7.2| 48| 37.2017.0 | 11.6 | 89.0 | 24.2 | 16.4 [126.2
6 1149 L7411.71 91| 6.1 | 51.812.6 | 85725 21.7 | 14.6 [124.3
7 |147| 2,07l 141 | 11.7| 7.9| 56.2 14.8|10.1|70.9 | 26.5 | 18.0 [127.1
Value measured 8 |16.0]| 2070129 1.1! 69| 53.6 162101780 27.3|17.0 |131.6
9 [14.2]| 1.8513.0( 6.4| 4.5 345 15.2(10.6 | 82.0 [ 21.6 { 15.1 116.5
10 |16.2] 193 15.6| 9.7 7.8 50.1| 12.4 | 10.0 | 64.0 | 22.1 | 17.8 |114.1
11 |15.2| 2,000 13.1 | 127 23| 63.413.9| 9.1 |65.6]26.6|17.4 |i33.0
12 115.7 | 196/ 12.4 | 8.2 5.0| 40.4/23.3| 14.8 [119.0 | 31.5 | 19.8 |159. 4
13 |17.8] 2170 12.2 | 10,0 5.6 46.2[19.511.0|90.0]20.5 | 16.6 |136.2
14 [17.0| 2.82 16.4 | 21.5 | 12.6 | 76.621.1112.2 | 76.8 | 42.6 | 24.8 [151. 4
15 [16.21 1.80/ 111|123 | 7.6 | 68.1)17.4 { 10.7 | 96.5 | 29.7 | 18.3 |164.6
Mean ' ™M) | 1500 2.08 1400 10.95] 7.4 | 52.4 16,6 | 1.3 | 810 22.5 | 18.7 |133.3
Standard deviation (o) | 1.47] 0.75 2.12| 3.48 2.18 11.0| 3.3¢| 2.17/13.9| 5.70| 3.58 15.78
2-x100 | 9.80[ 13.40 15.10) 31.70) 2950 21.0) 20.20] 19.201 17.20| 20.70) 19.20 11.80
Table 2 Dry weight, ash content and alkalinity of vein part of leaf,

= AW/ s—A i—A t—A
\ D.W. | AW. ') W I F W, [ JD W /AW, /E.W.[/D.W. /A.-W./E.W, JD.W,JA.W.
% % % 10gl g‘ g 10g1 g\ gl 10g g g
i ti3.2) 194 14.8] 9.8 7.4]50.1 | 144 10.3]69.8] 24.2117.7 |119.9
2 |12.3] 2.02016.4| 9.5 7.5|46.0|10.9| 88540202163 [100.0
3 |13.01 153 1.7] 85| 6.6 552 86| 6.6 |56.5|17.1 | 13.2 |111.7
4 J12.3) 1.98 16,0} 10.2) 81|51.9]13.3]|10.7]67.0|23.5| 18.8 |118.9
5 '13.4| 1.7913.0] 7.7| 57|43.9(13.7|10.2 | 783 | 21.4 | 15.9 [iz2.2
6 113.4| 1.60012.0] 9.7| 7.2|60.2| 8.6] 6.4|53.1|18.3|13.6 |115.3
7 [13.8] 2.0514.8[13.9|10.0 |67.8 | 1.9 | 8.6 |58.0 258 18.6 [125.8
Valve measured 8 |14.4| L8012.5|103] 7.1 (571 11.6| 8.0|642] 2097151 1213
9 |12.7| 164 129| 7.4 5.8(45.0|12.5| 9.8|76.1|19.9|15.6 |121.1
10 | 16,1 1.96/12.2] 126 7.8|63.8|11.0| 6.8!|56.0|23.6 146 |115.8
11 113.7) 2,07 15.1 | 15.7 | 11.4 [ 76.0 | 11.4 | &2153.8 | 27.1 | 19.6 [129.8
12 |14.4| 1.96 13.6| 9.8 6.8 50.2|15.6 | 13.6 1000 | 29.4 | 20.4 [150.2
13 |16.9| 2,05 12.2|12.5| 7.5 61.2|16.3| 9.7|7.5]28.8|17.2 140.7
14 |16.0| 2.6116.2]12.013.6 | 84.3 | 18.9 | 11.8 | 72.8 | 40.5 | 25.4 [157.1
15 15,1 | 164 10.8 126 83]77.0)15.2|10.0|92.5} 27.8 | 18.3 |169.5
Mean : ™M | 1408 1.91 3.6 11.5] 8.1 ]59.3|13.2| 9.3 |68.8]24.7]17.4 j128.1
Standard deviation .40l 0.3 1.74 443 2.04 12,05 3.16| 1.92 14.02 5.60, 3.78 17.95
Zx100 | 9.5213.5|12.839.0 | 25.2 | 0.3 | 24.0 | 20,6 | 20.4 | 2.7 | 20.7 | 14.0
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Table 8 Dry weight, ash content and alkalinity of top part of stalk.

— AW, s—A i—A t—A
e [PWAT DY, PN [DW AW {FW. TO.W AW TF-W. DW] /AW,
. % % % gl g 10g gl gl 10g g
1 |to.g| rozZ 9.5] 45| 41 47| 55| 3.2 38| aol 73| 7s
2 | 9.6l 1.20012.4| 63| 65|523] 41| 42339 10.4]10.7! 8.2
3 | 9.50 0.87 91| 46| 48[55.1) 47| 50[549| 9.3| 9.8108.0
4 9.96 1.15 1.6 61| 6.2 |53.1| 47| 4.7/40,9|10.8110.9| 94,0
5 |1.2| 084 7.5  3.8| 3.4|448, 43| 3.8|50.5| 81] 7.2]953
6 | 97| LofiL1| 82| 85(761| 47| 4.9 4.6[12.9]13.4 |L19.7
7 |120| 117 97| 60| 49|5.0] 60] 50510120 9.9 (1020
Value Measured | 8 110.2| L11|10.8| 7.4| 7.7 [67.1| 56| 5.4 50.3|13.0] 131 |117.4
9 110.9| 0.9 88| 49| 4.5(5.2] 65! 5.9|6%.411.410.4 |118.6
10 | 141 1,174 83| %6 | 6.8|8l.5| 7.8| 55|66.2|17.4| 12,3 |147.7
11 11127 1.3011.8|11.5|10.4 | 88.5| 7.8| 7.1[60.4]19.317.5 |148.9
12 {106 114 9.9| 40| 4.4|446| 9.7 8.4|8.2]137|12.8129.8
13 [13.9] 0.96 69| 46| 3.3481] 71| 51|79 1.7} 84 [122.0
14 [12.6] 139110 10.1 | 8.0|726| 89| 7.0 639 |19.0 | 15.0 [136.5
15 [12.3] 0.8) 6.7| 55 45|67.0) 7.2| 58|8.912.7|10.3 1539
Mean o |13 rog 9.7] 5] s9(59.7] 62| 54|55 127 103 june
Standard deviation 141 015 L.64 231 2.02 1410 1.81] 1.29 13,20 3.40 2.72 22.8
WGI_XIOO 12,40 14.7 | 16.9 | 35.50 34. 10 23.60 29, 10 23,90 35.20| 26.80| 24.0 | 19. 40

Table 4 Dry weight, ash content and alkalinity of middle part of stalk.

S AW, s—A i—A t—-A

Tl |DWIAW W P DWIAW. /FW[!DW\/AW FEXTI D3 AW,
P %| %l % 10 10 g|

1] 99| 0o 95| 33| 3330 22 22|37 55 5.5 5a.7
2 | &5y 108126 63| 7.3(58.0! 29| 3.4(26.7( 9.210.7 | 847
3 | 7.90 0.81/10.1 | 43| 53[53.0| 42| 52|5.2] 85|10.5[104.2
4 | 826 1.0813.1 6.6 80]6L.0] 43| 52|39.8(10.9]13.2100.8
5 | 106 0.8 81{ 45| 42| 5.7 4.4 41|50.9| 89| &3 |102.6
6 8.6; 0.8810.1} 6.8| 7.8 |77.7| 3.3| 3.9|380|10.1 | 11.7 |L15.7
7 107 1L.06 9.4 6.2 5.8 |61.1| 48| 45|47.5(11.0]10.3 |108.6
Value measured 8 9.0 0.92/10.2| 47| 53 51.4| 45| 50487 | 9.2|10.3 100.1
9 | 9.9] 0.89 9.0] 48| 4.9|54.0] 48| 49|50 9.6| 9.808.0
10 ;12,7 1.05 83 82! 65|79 6.9 5.4 |649(15111.9142.8
11 10,3 | [.13(11.0]10.3 | 10.0 | 90.5 58| 56 (51.2|16.1 | 156 (141.7
12 |16.5| 0.97] 9.2.| 3.9 3.8|40.6| 7.9| 6.4 |8L.5|11.8]10.2 122.1
13 {12.0| 0.8 7.1] 44| 3.7|51.7| 6.0| 50|70.0|10.4| 87 [121.7
14 [11.0| 113103 80| 7.3(70.6] 59| 54527139127 |123.3
15 | 105 0.7% 69| 5.0| 47 |68.2| 55 52|75.8|10.5| 9.9 |144.0
Mean ™M) [10.03 0.9¢ 9.7| 5.8 59 |60.2| 49| 48518107106 1119
Standard deviation 1.33) 0.119 1.68 1.85 .85 14,200 1.45] 0.9 12.23( 2.60] 2.24] 22.0
2 x100 | 12.90| 12.40, 17. 40 31.80| 31.40] 23.5 2.60 20.50 23,70 24.3) 21,1 19.70
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Table 5 Dry weight, ash content and alkalinity of base Part of stalk.

A..W. S_A i—A t—‘A
D.W. | AW D W TFEW. [ /D.WJAW.EW, | JDW | /AW./F-W.[/D.WI/AW.
g

. % % %l 10g g g 10g g g 10g g
1 10.2] 0.95 9.3 29| 29306 25| 2.4|26.1| 5.4| 53567
2 850 1.20, 14,1 | 57| 6.8 (482 3.2| 327|261 | 8.9|10.5|74,3
3 | 7.8| 0.87]i1.2| 42| 5.4|47.6] 43| 55(48.9| 85| 10.9 9.5
4 | 7.88 1.14{14.4| 61| 7.8|540| 3.8| 48332 9.9{12.6|87.2
5 10,6 | 0.79 7.4} 2.6 2.5|33,1| 4.4! 4.1]552| 7.0 6.6 | 88.3
6 | 8.0| o.o1|11.4| 57| 7.2|62.9] 2.6] 3.3|28.8| 83105917
7 10,9 | 1.04 9.6 54| 5.0(51.8| 4.9 4.5(46.9 |10.3| 9.5[98.7
Value measured 8 | 90| 0.9911.0| 4.8] 5.4|48.6| 45| 50|45.2| 9.3|10.4|93.8
9 10.1 | 0.93 9.2| 3.7| 3.6 |39.5| 50| 4.9 53,5 8.7 8.5]93.0
10 113.4| 1.02] 7.6 68| 50(65.9| 6.2 46|60.6{13.0] 9.6 126.5
11 10,4 1.120 1.8 7.0| 6.7 |62.3| 6,0 5.8:54.0 13,0 12.5 1116.3
12 |10.6| 1.00) .4 3.2 3.0|3L6| 61| 57 .623 9.3 87|92.4
13 [12.3} 0,93 7.6| 4.0 3.3|428| 6.1 50652 |10.1| 83 [108.0
14 (1.7 17/10.0% 6.3 | 53 153.2| 6.8} 5.8|57.9113.11 11,1 [111.1
15 110.8| 0.83 7.7 | 58| 54|69.9| 6.4 6.0|77.7 122 | 11.4 |147.6
Mean (M) [ 10.15] 0.99/10.1| 5.0 5.0:49.5| 49| 4.8|49.3| 9.8 9.8|98.8
Standard deviation 1.59] 0.2 1,99 1.38 1.61)12.0| 1.3 0.99 14.70 2.18 1.96| 20.80

TA—XIOO 15,70 12.10| 19.80 27,60 32. 10| 24.20] 27.80] 20,70 29.80( 22,40 20.0 | 21.20

Numter of samples
=

" ' Pl L . i
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Fig. 1 Distribution of dry Weight of leaf.
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Fig. 2 Distribution of ash content in leaf.
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Discussion

1) Inference of mean value in
population.

From the mean value of each character and
its standard deviation which are presénted in
Tab. 1-5, those in population were calculated
according to formula (1).

In this case, the confidence coefhicient in

the inference was assumed as 90%.

X1, Xgp Xy troee ,Xn : values of samples {n=15)
X : mean value of samples
m : mean value of distribution in

Table 6 Inference of mean value (a) and

L
a

o[-

39

. bopulation
: significance level (e=0, 1)
: standard deviation in sample

,1‘,,_ t e
4/2"-' —ts

Pdx=1-c¢

The t, required to realize formula (1} was

obtained from formula (2).

_ a _ a
P (‘X—toﬁéméx +ts:/';

W

As for each character calculated by form-

ula {2), the mean value of its population

distribution is given in Tab. 6-7. :

standard deviation (¢) in Population of leaf
{confidence coefficient ; 90%)

Mean Standard Standard
Value in deviation in ?gﬂf-,% Villﬁ‘em @) deviation in
sample (Mx} | sample (S) pula Population {s)
D.W. Vein Part 14. 1 1.40 13, 44<7a< 14,76} 1.120 <o<{ 2,1280
% | Circumferential Part 15,1 1. 47 14,41 <7a<C 15. 79| 1.176 o< 2,2344
AW. Vein Part 1.51 0.258 1.79<a< 2.03| 0.2064<lo<C 0.39216
% | Circumferential Part 2.05 0.275 1,92<a<C 2,18 0. 2200<Co< 0. 41800
AW,/D.W. | Vein Part 13.6 1.74 12.78<a<C 14.42 | 1.392 << 26448
% | Circumferential Part 14.0 2.12 13,0 <a<{ 15.0 | 1.696 <Jo< 3.2224
JF.W. Vein Part 11.5 4,43 9, 42<a< 13,58) 3,544 (o< 6,7336
10g} Circumferential Part 11.0 3,48 9. 36<Ca< 12.64] 2,784 o< 5.2896
A | /pw, | Vein Part 8.1 2.04 7.14<a<C 9,06 1.632-<Ca<C 31008
g| Circumferential Part - 7.4 2.18 6.38<a< 8.42| 1.744 <la< 3.3136
JAW. Vein Part 59.3 12.06 53, 64<a<C 64.96| 9,640 <a<18, 31640
g| Circumferential Part 52.4 11.0 47.23<Ca< 57.57| 8.80 <<o<{16.720
JF.w. | Vein Part 13.2 3.16 1L 71<Ca< 14,69 2,528 o< 4,8032
10g] Circumferential Part 16.6 3,36 15.02<a<C 18,18} 2,688 o< 5. 1072
A | /DW. Vein Part 2.3 1.92 8. 40<Ca< 10,20] 1,536 o< 2,9184
g| Circumferential Part 11.3 2.17 10, 28<7a<C 12,32 1.736 <o< 3,2984
JAW. Vein Part 68.8 14,02 62.21<Ca<C 75.39111. 216 <o<21,3104
g Circumferential Part 81.0 13.9 74, 47<Ca< 81.53)11.12 <Ce<{21.128
JF.W. Vein Part 24.7 5.60 22.07<a< 27.33| 4. 480 <{o< 8.5120
10g| Circumferential Part 27.5 5.70 24, 82<a< 30, 18| 4. 560 <0< 8.6640
A | ID.W. Vein Part 17. 4 3.78 15.62<Za< 19.18/ 3. 024 <o<{ 5, 7456
g Circumferential Part 18.7 3,58 17. 02<7a<C 20.38| 2.864 <{o<{ 5.4416
|AW. Vein Part 128.1 17.95 119, 66<Ca< 136, 54 {14, 360 <a<(27. 2840
g| Circumferential Part 133.3 15.78 125, 88<Ca<140. 72112, 624 <{a<(23. 9856
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Table 7 Inference of mean Value {a) and standard déviation {#) in Population of stalk
{Confidence coefficient : 90%)

Mean Standard | e

. . . Mean Value | Standard deviation

iﬁ;‘fel?m) ci:;:;ltgn(sl)n in Population (a) l in Population (¢)

top 11.30 1.41 10, 64<a<C 11.96 1.128 <ol 2.1432

DW. | middle 10, 03 1.33 9. 40<Za< 10.66 1. 064 <<o< 2.0216

% | hase 10. 15 1.59 9, 40<a< 10.90 1,272 <o<l 2. 4168
top 1.08 0.159 L.ol<a<l 1.15 0. 1272<Ca< 0. 24168
AW. | middle 0.96 0.119 0, 90<(a<C 1.02 0. 0952<7a< 0. 18088
% | base 0.99 0. 120 0.93<a< 1,05 0. 0960 o< 0. 18240

top 9.7 1.64 8. 93<a< 10, 47 1,312 <{a<< 2. 4928

AW./DW, | middle 9.7 1.68 8,91<a< 10.49 1.344 <e<l 2,5536
? | base 10.1 1.99 9, 16<a< 11,04 1.592 o< 3.0248

top . 6.5 2.31 5. 41<al T.59 1.848 < o< 3.5112

{F.W. | middle 5.8 1.85 4,93<a< 6.67 1. 480 <o<< 2.8i20

108 phase 5.0 1.38 4.35<a< 5.65 1,104 <o< 2.0976

top 5.9 2.02 4,95<a< 6.85 1.616 <e<< 3.0704

s-A | JD.W. | middle 5.9 1.85 5.03<a< 6.77 1,480 <Jo< 2.8120
& base 5.0 1.61 4.24<a< 5.76 1.288 <ol 2. 4472

top 59,7 14.10 53, 07<a<{ 66,33 11,280 <o<<21.4320

/AW, | middie 60.2 14.20 53, 53<a<’ 66,87 11,360 o< 21.5840

& base 49.5 12.0 43.86<Ca< 55. 14 9.60 <o<i8.240

top 6.2 1.81 5.35<a< 7.05 1. 448 <Ja < 27512

{F.W. | middle 4.9 1.45 4.22<a< 5,58 1 160 << 2,2040

108] pase 4.9 1.36 4,26<a< 5.54 1,088 <a< 2, 0672

top 5.4 1,29 4,79<a< 6.0l 1.032 o< 1.9608
i-A | /D.W. | middle 4,8 0.985 4,34<a< 5.26 0. 7880< o< 1, 49720
B base 4.8 0.99 4,33a< 5,27 0,792 < o< 1.5048

top 37.5 13.20 31,30<a< 43.70 10. 560 << 20. 0640

JAW. | middle 51,8 12.23 46, 05<Za< 57,55 9.784 <{a< 18, 5896

8 base 49,3 14.70 42,39<Ca<C 56.21 11. 760 < a< 22,3440

top 12.7 3,40 11, 10<Ca< 14.30 2,720 <e<Z 5.1680

[F.W. | middle 10.7 2.60 9, 48<a< 11.92 2,080 <le<Z 3.9520

108] pase 9.8 2.18 8. 78<a<’ 10.82 1. 744 o<l 3.313

, top 1.3 2.72 10.02<Ca< 12.58 2,176 <To< 4.1344
t-A | /D.W. | middle 10,6 2.24 9,55 a<] 11.65 1.792 o< 3. 4048
2 base 9.8 1.96 8.88<a< 10.72 1.568 <lo< 2.9792

top 117.2 22.8 106. 48<Ca<(127. 92 18.24 <o<34,656

AW, | middle 111.9 22.0 101, 56<Ca<i12. 24 17,6 < e<(33. 440

£ base 98, 8 20,80 89, 02<7a< i08. 58 16. 640 <o<(31.6160

Standard deviation bution

L,U : values with which to estimate confidence

limit of population distribution at 0%

S : standard deviation in sample
@ : standard deviation of population distri-
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confidence coefficient.
WL SO0 S i (3

The standard deviation of population distri-
bution was estimated by formula (3) as shown
in Tables 6-7. When the results shown in
Tab. 6-7 are compared with those obhtained
in the summer spinach, it is easily recognized
that there is considerable difference between
them, especially in mean value and standard
deviation. At 90% confidence coefficient. the
confidence limit of standard deviation in pop-
ulation is wide at almost all the parts of
winter spinach. Therefore, the homogeneity

of tissue is greater in summer spinach than

in winter spinach. But, as for the ratio of
alkalinity to dry weight, the width of devi-
ation is expectionally narrow is the stalk of
winter spinach. The same thing is also ob-
served in the leaf, especially at central part

of leaf, and it is probably due to the fact

that the winter spinach contains much more

dry material than the summer spinach.

In order to confirm such as inference as
that, the ratio of standard deviation in pop-
ulation to medn value of population was
calculated with respect to each ch?.racter of

both winter and summer spinach.

~JLS _~US
Table 8§ Value (_ _O'“XIOO _ J—x 100} i, Leaf
. X—t N/‘?‘i Xt N/_
Part Summer type (%) Winter type (%) g?;:g; . gg:
Diy Weigh Vein 17.6 ~ 5,80 15.9 ~ 8.4 -
ry Weight (%) Circumferential 215 ~ B.65 15.4 ~ 8.2 -
Ash Weigh Vein 9.5 ~ 3,49 21.8 ~11.8 +
elght (24) Circumferential 13.6 ~ 5,41 21.9 ~11.5 +
1108 F-W. Vein 15.8 ~ 5.14 71.5 ~37.5 +
B YW | Circumferential 21,9 ~ 8. 71 59.3 ~29,6 +
Al jgeDW Vein 29.5 ~ 9,70 43,5 ~22,9 +
& g LW Circumferential 40.3 ~15.9 52.0 ~271.3 +
AW Vein 9,4 ~ 3,07 34,3 ~18.0 +
le AW. Circumferential 16.5 ~ 6.60 35,5 ~18.6 +
FW Vein 36.0 ~11.8 4i.0 ~21.6 +
N0 E-W. | 4 cumferential 179 ~ 7.10 34,0 ~17.9 +
. /g D.W Vein 55.9 ~18.8 - - 34,7 ~18.3 -
FA | /8 DW. o cumferential 17.9 ~ 6.58 32.0 ~17.2 +
AW Vein 40.5 ~13. 4 35,6 ~19.7 -
Ie AW. Circumferential 14,7 ~ 5,82 28.5 ~14.9 +
ivlo FW Vein 10.5 ~ 2.90 38,7 ~20.3 +
B YW | Circumferential 11,0 ~ 4. 40 34,7 ~18.4 +
Ig DW Vein 33.3 ~ 9,18 36.6 ~19.3 +
t—A g LW Circumferential 17.6 ~ 7.00 31.9 ~16.9 +
lg AW Vein 17,5 ~ 4,81 22,8 ~12.0 +
g AW Circumferential 11.8 ~ 4.65 19.0 ~10.0 +
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~LS ~/US
Table 9 g ¥ 100 X100 Gy saik
X—t M/E Xt J‘ﬁ
Part Summer type (%) Winter type (9} gmr g,g::

top 9,35~ 5,02 20.0 ~10.6 4
Dry Weight middle 10.2 ~ 4.05 21.3 ~11.3 +

(%) base 16.0 ~ 7.63 25,5 ~13,6 +

top 10.8 ~ 5.61 23.8 ~12.8 + .
Ash Weight middle 19.0 ~ 7.5 20,0 ~11.1 +
(96)] base 5.5 ~ 7.15 19.4 ~10.8 +
top 16.6 ~ 8.50 64.5 ~20.0 +
/10g F.W. middle 21.3 ~ 8.41 57.2 ~30.0 +
base 18.2 ~ 8.4 48.3 ~25.3 +
top 15,8 ~ 8.1 62.1 ~32.7 +
s—A /e DW. middle 17.2 ~ 6.8 55.8 ~29, 4 +
base 150 ~ 6.9 58.0 ~30. 4 +
top T.45~ 3.80 40,5 ~21.2 +
/g AW, middle 7.95~ 3,15 40.4 ~21,2 +
base 6.00~ 2.84 41,7 ~21.9 +
top 30.3 ~14,6 51.3 ~27.1 +
/10g F. W, middie 47,8 ~17.4 52.1 ~27.5 +
base 26.2 ~12.2 48.6 ~23,7 +
top 30.6 ~14.8 41.0 ~21.6 +
A g DW, middle 39.4 ~14.4 34,5 ~18,2 —
: base 27.9 ~13.0 34.6 ~18.2 +
top 27.5 ~13.3 64.0 ~33.6 +
lg AW, middle 38,9 ~14,2 40.53 ~21.1 +
base 30.5 ~14. 1 53.0 ~27.8 +
top 12.8 ~ 6.6 46.6 ~24,5 +
/102 F.W. | middle 19.6 ~ 7,15 41.7 ~22.0 +
base 12,2 ~ 5,61 37,9 ~19.8 +
top 13.6 ~ 6,93 41.1 ~21.2 +
t-A /g D.W. middle 14,6 ~ 5,35 35.6 ~18.7 +
base 11.9 ~ 5.50 33.6 ~17.8 +
top 8.9 ~ 4,55 32.5 ~17.2 +
/g AW, middle 10.6 ~ 3.86 33.0 ~17. 4 +
base 7.68~ 3.51 35,5 ~18.6 +

— ] . . .
X—-t.ﬁ was adopted for convenience as and therefore, it is clear that the summer

mean value of population. The results are material is more homogeneous.

given in Tab. 89, As shown in Tah. g-9,
o P —

~L S/X—.tn:/*f""a/US/X—t.A/LE of summer

spinach is small for almost all characters,

2) Comparison of winter spinach with
summer spinach resspect of me-
an’ value of each character,
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The mean value of each character given
in Tab. 1-3 are somewhat different {rom
the results reported previously?®. To test the
significance of these differences, t-value was
calculated by the following formula and the
differences were estimated respectively at 5%
and 1%significance level.

M : mean value of summer sample
M : number of summer sample
Mw : mean value of winter sample
N : number of winter sample

Xy, Ky, 00 xi : value of summer sample

Vi, Yo, o0t ¥i : value of winter sample

® . \/’ Tixt— Mt + 2ilyt—Mw )

M+N~2
Mw—Ms MN
t___( - ) m_ ............ (4)

By using the t calculated by formula (4)
and the table of t, the test of significance
was done with the results given in Tab.10-
14. As these tables show there are remark-
able difference in the dry weight of the stalk
and leaf ana their s-A. '
Table 1¢ Difference between summer and

winter type as for each character in
Circumferential Part of leaf.

Signifi-

Nmber cncea

Type | of Mean | level

samples at  at

5% 1%

DLW s 8 0.5 |
g | W 15 15.0

AW S g Lot
g | W 15 2.05
S 8 14.6

JEW.108| o 5 wo | T|-

A - S 8 128 | |,
A DW.gl @ | 5 7.4
s 8 75.8

[AW.2 | W 15 s2.4 | T T
S 8 13.2

FW.A0% o\ 5 | 166 |7 |
o ‘s 8 13.3

A | [DW.g| 15 s | T
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: 3 8 £9.1
[AW-e | | 5 | sno 1]~
' S 8 27.4
[F.W.10g - 15 s ||
_ S 8 2.6
t-A | /[DW. g W 15 i8.7 + | +
S 8 143. 4
[AW.8 5 | 1333 ||
S : Summer type ) No difference
W Winter type ) With differece
Table 11 Difference between summer and
winter type as for each Character in
vein part of leaf.
' Signifi-
Number cance
Type |of Mean | level
samples at  at
' 5% 1%
] 6 9.4
+ |+
D.W. % w 15 14,1
- S 7 nez| |
ol w15 1.91
S - 6 16.9
+ —
[FW.10| 15 11.5
S 6 18.7
- + |+
sA | IDW.g) o 15 8.1
S 6 92,0 -
+ |+
[AW.2 | o 15 | .59.3.
S 6 9.2
+ -
[FW.108| 15 13.2
_ s 6 wo | _|_
A | IDWE | W | s 9.3
i) 6 51.1
+ —
IaW.8. 15 68.8
] 5 25,9
[FW.108| 15 24,7
S 5 28.2
- + |+
CA| DWW w5 | 174
S 5 142.6
IAW.g1 15 | 128.1
S : Summer type () No difference
W : Winter type ) With difference
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Table 12 Difference between summer and S 8 2%. 1 .
winter type as for each Character in top s-A | [DW. g ) + |+
part of stalk, w 15 5.9

.. S 8 112.1
Signifi- + |+
Number cance IAW. g W 15 60. 2
Type | of | Mean | level
samples at  at R T 49 | _ 1 _
5% 1% [E.W.108| o 15 4.9
S 15 7.1
. + |+ . S 7 7.8
DWWl w 15 1.3 i-A | [DW.g| o {5 a8 | T
S 14 1.60
AW. + |+ ] 7 33.9
9% | W 15 1.08 IAW. g 15 sis | T
5 14 17. 4
+ |+ S 7 22,5
JEW.108) 15 6.5 IEW. 108 5 | o7 | T
S 14 24.8 -
s-sA L /[DW. g + | + _ S 7 35.1 el
w 15 5.9 t-A | /DW. g W 5 10.6
] 14 108, 1 f
+ | + s 7 148.9
JAW.8 1 & 15- | s59.7 JAW. g | o ! s e |
/F.W. 10g 8 12 6.3 | | _ S : Summer type ) No difference
U W 15 6.2 W : Winter type ) With difference
S 12 9.5 . Tahle 14 Difference between summer and
- + |+
A [DW.g W 15 5.4 Winter type as for each character in
base part of stalk.
AW 8 12 40,9
W, g -3 Signifi-
w 15 37.5 ) . l\}umber . fancle
) ] ype | o ean | leve
JEW. 108 S ] BE Ly samples at at
S 14 33.8 ] 12 6,2
- +1+ + |+
vALDWEl @ | s | s PW gl w15 | 102
S 14 147.7 . S 11 1.54°
+ 0+ + ]+
IAW.8) w | 15 | unz AWl w15 0.99
S : Summer type (= No difference 8 11 16. 4
W: Winter type ) With differnce {F.W.10g W 15 5.0 + ]+

Table 13 Diffcrence between summer and S 11 25,5
winter type as for each Character in ssA | /[DW. g W 15 5.0 +1+
Middle part of stalk. :

Lo S 11 98.3
Signifi- AW. + | +
Number cance / Bl w 15 49.3 ’
Tyvpe |of Mean | level S l P
samples at at JEW.10g| o ! 200
S 8 6.4 . S 11 6.7
DW. o lw | 15 | wo|TIt FAIDWE Gl o5 | g |t
S 8 1. 47 S 11 25.9
AWl wl 15 | oss|T]T AWEl w | 15 | w3 |t
S 8 16. 6 8 11 20.1
[FW.108| | 5 s8 | Tt [FEWAR| | 5 o8 1|7
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S 1 32.5

- + 1+
A | (DW.g) 15 9.8
1| 1255

|+
IAW.g) o 15 98.8

{9 No difference
+) With difference

S : Summer type
W Winter type

It has been proved that those differences
are significiant for almost all the characters
The fact

that the s-A is low in the winter material

except the ash content of the leaf.

seems to be interesting from the viewpoint
of the metabolic physiology of the plant.

There was no significant difference in ash
content of the leaf between summer and win-
ter spinach. Therefore, the decrease in the
ratio of water-soluble ash reciprocally re-
sulted in the increase of the ratio ofwater-
insoluble ash. On the other hand, the stalk
of winter spinach was lower in ash content
than that of summer spinach. Consequently,
the s-A was also lower in the former. There
was no significant difference between the
i-A and fresh weight. Hence, the change in
ash content of the stalk does not have so
much to do with the i-A, as the change in
s-A.

This fact corresponds with the correlation
coefficient between alkalinity and ash con-
tent, as well be described later.

Such a difference in ash content of the leaf
and stalk and the difference in the relative
amount of what composes the ash are indic-
ative of the physiclogica! properties of the
plant. _

3) Comparison of mean values obta-
ined from divided parts of leaf
and stalk.

The significance of the mean value of each
character was tested in the divided parts of
leaf and stalk.

In the case of the leaf ; t was estimated

by the equation (4°)

_Mx—My) [ MN_ '
t= w y“V._I\-/I+N (47

Mz : mean value of samples of vein part

M : number of samples of vein part

My : mean value of samples of remainder

N : number Of samples of remainder
The value of t calculated by (4) was judged
by the table of t. :

In the case of the stalk ; The top, middle,
and base part of the stalk were respectively
regarded as an inter-class factor. The inter-
class variate, intra-class variate, and variance
ratic were calculated by the following for-

maulas.

3 15
Intra-class variate Sw=’Z“Z} (1 — gy} reeeee (6)
=1d=1
Inter-class variance U= (33_"1) ------------------ (T
. i t—_ Sw e
Intra-class variance V =3 @)
. . . B
Variance ratio F =g (9)
Class | top |midclle base
Value measured | x,3 Xyj Xa)
Mean m, m; m, |total mean M

The F calculated by the above equation was

checked with the table of F-distribution.
The results are shown in Tab. 15-16. As

in Tab. 15,

showed a significant difference in the value

the vein and the remainder

of i-A. In the summer spinach, an the contrary,
this value did not show any significant differ-
ence. As givenin Tab. 16, in the stalk, the
dry weight of the top part is heavier than
those of the other parts. This difference was
recognized as significant. The ratio of s-A
to fresh weight was not significant. But the
i-A and t-A of the top were both higher
than those of the base part, and the differ-
ence was significant. '

In general, it was observed that not only
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Table 15 Comparison of mean values of v 5 13,2
‘each character in each part of the leaf. /F.W.10g c 15 16: s + | +
Signife v | 15 9.3
cance .
. H R + —_
Kind ; Samples | Mean | level i-A | /[DW.g c 15 1.3
% 19
5 4 : v 15 8.8
. - +| -
W V| o5 | a1 || [AW. g 15 | 810
%| C 1] 15t ewael VI 1| 27 [ ]
AW v 15 Lot | - ¢ i5 | 205
% C ] 15 2.05 Al pwel| Y| B | el
v 15 t1.5 el ¢ 15 18.7
{FW.10g -1~
C 15 11.0
awg| Y| 5 |||
Al pwel ¥ 15 8.1 B¢ 15 | 133.3
8— LW, g e
C 15 7.4 V : Vein Part ) No difference
‘ v 15 59. 3 C :Circumferential Part (B With difference
[AW.g| 15 52,4
Tabte 16 Comparison of mean Values of each character in each part of the stalk.
Mean Value Jntra-class Inter-class Y;ﬁam 'Saitgt?;%-
. Variate | Variance| Variate |Variance _u cance
Top | Middle| base | Varigte | Veriapgs) Variate |V 5 (r=—ve) | fong
D.W. % 11.30 | 10.03 10. 15 l 94,52 2.25 14.75 7.37 3.27 +
AW. % | 1| 09| os!| o8| oo2| or | oos| 30 -
DW./AW % 9.7 9.7 10§ 142, 48 ' 3.39 1. 65 | 0.83 0,24 -
[F.W, 10g 6.5 5.8 5.0 160, 25 3.82 16.90 8.45 2.2t -
s-A IDW. g 5.9 5.9 5.0 150. 62 3.59 8. 10 4.0% 113 -
[AW. g 59.7 60.2 45,5 | 8169.61 194.51 | 1093.95 | 546,98 2.81 -
{F.W. 10g 6.2 4.9 4,9 108. 10 2,57 16,95 8. 48 3.30 +
i-A IDW, g 5.4 4,8 - 4.8 54,13 1.29 3.60 1,80 1.39 -
JAW, g 37.5 51.8 49.3 |[9622.43 | 229.11 | 1749.90 | 874.95 3.82 +
JEW. 10g 12.7 10.7 9.8 345,921 ' 8.24 86, 15 33,08 4.01 +
t-A IDW. g 1.3 10.6 9.8 243, 96 5.81 16.95 B8.48 1.46 -
AW g | 117.2 | 1119 98.8 [21445,24 | 510,60 | 2691.30 | 1345. 65 2. 64 -

the alkali content, but also almost all the -
characters increased gradually from the base
part of the stalk to the remainder of the
leaf.
in the plant may increase continuously from
the root to the top of the leaf.

4)

This is, the concentration of substance

Comparison of water soluble alkal-
inity with insoluble alkalinity.

Of all the characters of winter and summer

spinach, the most noteworthy one consists in
In
the summer spinach s-A was higher than i-A
for the stalk and leaf.

the difference in the ratio of s-A to i-A.

This tendancy was the strongest at the
base part of the stalk and gradually weak-
ened in the other : base—»middle—top—vien
—rcircumferential part of leaf. In winter spin-

ach, on the other hand, the ratio of s-A 1o
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i-A was lower than that of the summer ma-
terial. Especially in the leaf, i-A was higher
than s-A. In the winter spinach, this value
was maXimum at the middle part of the
stalk and gradually decreased in the or der
of top and base of stalk, vein and remainder
of leaf.

Table 17 Ratio of water-soluble alkalinity to water-insoluble alkalinity.

The ratio of s-A to i-A was also esti-
mated in each part of the leaf and stalk. These
results are given in Tah.17. As shown in
Tab. 17, it is evident that the content of al-
kalinity is strongly affected bjr temperature
conditions.

by

Alkalinity /F. W, 10g Alkalimy [ DW. g Alkalinityf AW, g
_ s w s w s | w
Lest Vein Part 1.84 0.87 1. 8? 0.87 1.80 0.86
Circumferential Part 1.10 0. 66 0.96 0,65 1.09 0.65
Top 2.68 1.04 2.60 1.09 2.65 1.04
Stalk | Middle 3. 40 1.18 3.35 1.3 3.31 1. 16
Base 3.9 1.02 3.82 1.04 3.80 1.00

5} Correlation coefficient between al-
kalinity and ash content.

In order to elucidate the relation between
ash content and alkalinity, their correlation
coefficients were calculated by the following
formula (10).

Ash content or } . 1 38
alkalinity/ A W.gl ~

15
2 xi=-8yn—-7)
=1

7= T T = (10)
A/ (Z: (m—!)‘) (E (yi—y)‘)
=1 =y
The correlation coefficients between the ash
content and the ratio of alkalinity to F.'W.

10g in the stalk and leaf are given in Tab.
18-19, and the results obtained in the sum-
mer spinach are zalso given there. As shown
in Tab. 18, the correlation coefficients between
s—A/fresh weight, i-A/fresh weight, and
t-A/fresh weight were respectively high-
er in the circumferential part than in the
vien part of the leaf. The same tendency
was also observed in the stalk, e. g. the ab-
ove-mentioned correlation coefficients increa.

sed gradually in the order of base to top.

Table 18 Correlation coefficient between
ash content and alkalinity/F.W.10g in the

leaf.
Correlation
- y Part coefficient (r)
W S
A Vein 0.66 0.93
{F.-W.10g | Circum-
ferential 0.77 0.50
aw | Vein 0.56 0.31
P JF.W.10g | Circum-
o ferential 0. 60 0.73
t-A Vein 0.52 0.87
[F.W.10g | Circum- |~
ferential 0.87 0.31

Table 19 Correlation coefficient between
ash content and alkalinity/F.W.10g in

the stalk. .
Correlation
x y Past Coefhicient (r)
w S
top 0.74 0.91
S W.aog| middle | 0.68 | 0.91
base 0.59 0,88
) top 0. 40 0.00
AW.| b wiog| middle | 012 | 060
% base 0.06 0.14
top 0.73 0. 54
“ Woiog| middle | 0.55 | 0.9
base 0.42 0.89
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Table 20 Correlation coefficient between
alkalinity /F.W.10g and alkalinity/A.W.g

in the leaf.
Correlation coefficient(r)
Part
_ w )

oA Vein 0.72 0.92
Circumferential 0.65 0.71
A Vein 0.82 0.97
Circumferential 0.77 0.90
A Vein 0.79 0.92
Circumferential 0.75 0.91

Table 21 Correlation coefficient between
alkalinity /F.W.10g and alkalinity/A.W.g

in the stalk.
Correlation coefficient(r)
Part
w ]
top 0.93 0.76
s=A | middle 0.92 0.77
base . 0.89 0.20
" top 0.85 0.95
i-A | middle 0.92 0.92
base (.91 0.51
top 1 0.78 0. 46
t=A middle 0.82 0.72
base . 0.83 —0.34

On the contrary, the tendency was not so
clearly récognized in the summer spinach.
. The correlation coefficient between alkalinity
ffresh weight, and alkalinity/ash weight in
the leaf and stalk is given in Tab. 20-21.
The results obtained in summer spinach are
also cited for comparisen. From the results
given in Tab. 20, it is evident that the co-
rrelation coefficient between alkalinity/F. W,
10g and alkalinity/A.W.g in the vein is
greater than that in circumferential part. The
similar tendancy was observed in the summ-
It is inferred from Tab. 20 that
the correlation bgtween alkalinity/F.W.g and

er material.

alkalinity/A.W.g is higher in winter spinach

than in summer spinach, and that there are

very significant correlations in all the parts
of the material and also in regard to s-A,
i-A and t-A. Winter spinach differs from
summer spinach in these twe respects.

In the stalk, as pointed out in paragraph
2) there were certain correlations between
s-A and ash content, but no correlation be-
tween i-A and ash content. This point seems
to be a distinctive feature of the stalk.

6) Inference of correlation coefficients
in population and comparison of
their values in winter and summ-
er material,

The correlation coeflicients mentioned a-
bove were also estimated in population by the
following form;.lla, in order to elucidate how
wide and how significant it is in population.

With the confidence coefficient of correla-
tion coefficient in population : 90%

r : correlation coefficient in samples

et corre{ation coefficient in population
1+r

=—10 e _i__— .............................. (11)
_ Zp=""-10ge ii:: .............................. az
Z+;/ —— 3>Z,>Z 4/ — 3 ............... (13)

t : obtained from Student’s t-distribution table
(1. 64 at 90% confidence coefficient),

The significance of the correlation. coefhi-

cient was estimated by formula (14).

t~/1 i“\/11

To express the results, it was assumed
that when the value of t calculated by (14) is
higher than 5% in the column corresponding
to freedom N=2 of Table t, it was signifi-
cant, and that when the value t is higher
The re-
sults are shown in Tab. 22-25. As shown in
Tab. 22-25 it was clarified that each of the

correlations given in the above paragraph

than 1%, it was very significant.

was also maintained in population.

The correlation coefficients of some of the
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Table 22 Inference of correlation coefficient between A'W.% and alkalnity/F.W.10g
in population of the leaf,

Correlation coefficient Lo
X y Part r in population (rp) Significance*
A/FW Vein 0. 66 0. 855~0, 314 H
SAEW108 1 o cumferential 0.77 0. 904~0. 497 +
AW | taFw o | Y ) 0.56 0.806~0. 164 +
) ‘7‘ ' V- VB Circumferential 0. 60 0. 826~0. 222 +
(]
' Vein 0.52 0. 784~0. 105 +
t-A{F.W. 10g Circumferential 0.87 0. 949~0. 700 H

*

— No significance
+ Significant
H Very significant

Table 23 Inference of correlation coefficient between A W.% and alkalinity/F.W.10g
in population of the stalk.

Correlation coefficient -
X y Part r in population (rs) Significance¥
top 0.74 0.891~ 0, 443 +
s-A[FW. 108 | middle 0.68 0.862~ 0.342 +H
base 0.59 0.818~ 0.202 +.
top 0. 40 0.723~—0, 055 -
A W. | i-AfF.W. 10g middle 0.11 0, 528~—0.348 —
9% base 0.06 0. 490~ —0. 393 -
top 0.73 0.886~ 0.427 H
t-A/F.W. i0g | middle 0.55 0.800~ 0,144 +
base 0.42 0, 728~—0, 025 -

*

— No significance
+ Significant
H Very significant

Table 24 Inference of correlation coefficient between alkalinity/F.W.10g and

alkalinity/A.W.g in population of the leaf.

x y Part r glo;r:;itliaot?ogoe(fflsient Significance*
AIEW. 10 Vein 0.72 0. 882~0, 412 +
s-A/F.W. 10g Circumferental | 0, 85 0. 849~-0. 295 H+
. . Vein 0.82 0, 927~0. 5%4 +
i-A/F.W. 10g | alkalinity/A.-W.g Circumferental | 0.77 0. 904~0. 497 +
AFW Vein - 0.79 0,913~0, 535 H
t—AF.W. 10g Circumferental | .75 0. 897~0. 466 +

* — No significant
-+ Significant
H Very significant
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Table 25 Inference of correlation coefficient between Alkalinity/F.W.10g and
alkalinity/A.-W.g in population of the stalk.

Correlation coefficient ..
X y part r in population (rp) Significance*

top 0.93 0.973~0. 830 H

s-AfF.W. 10g middle 0.92 0. 968~0. 804 +
base 0.89 0. 955~0., 737 +

_ top 0.85 0. 940~0. 656 +H
i-A/F.W.10g | alkalinity/AW.g! middle 0.92. 0. 968~0, 803 H
base 0.51 0, 964~0. 786 +

. top 0.78 0. 908~0, 510 +H
t-A-F.W. 10g middle 0.82 0. 928~0. 595 +H
base 0.83 0. 930~0. 607 +

characters are somewhat different in the win-
The signifi-

cance of these differences was checked. For

ter and the summer material.

this purpose, the limit of correlation coeffi-

* — No significance
+ significant
H Very significant

cient with confidence coefficient in populdtion
at 90% was estimated for both summer and
When the limit values did
not overlap, it was thought that the differ

winter material.

Table 26 Comparison of winter type and summer type in regard to correlation
coeflicient between ash content and alkalinity in population of the leaf.

u y Part Correlation coefficient in population Difference
S I W

EW Vein 0.989~ 0.6i1 0. 855~0, 314 No

sAFW. 108 | 050 umferential 0.980~ 0.572 0.904~0, 497 No

. W. 10 Vein . 0. 814~—0. 462 0. 806~0. 164 No

AW, | CAIEW108 | o mferential 0.922~ 0,254 0.826~0.222 No
o,

% Vein 0.979~ 0.363 0.784~0. 105 No

tAIEW 108 | o umferential 0.978~ 0,658 0. 949~0, 700 No

Table 27 Comparison of winter type and summer type in regard to correlation
coefficient between ash content and alkalinity in population of the stalk.
x v Part Correlation coefﬁcier}t in population Difference
5 W

top 0.965~ (.774 0.891~ 0.443 No

s—A[FW. 10g | middle 0.978~ 0.659 0.862~ 0.342 No

base 0.971~ Q.572 0.818~ 0.202 No

top 0. 478~—0. 478 0. 732~—0. 055 No

A W. | i-A/F.W. 10g middle 0.979~—0.139 0. 528~ —0. 348 No

9% | base 0, 641~—0. 446 0, 460~—0.393 No

top 0.980~ 0.831 0.886~ 0.427 No

t-A/F.W.10g middle 1.00 ~ 0.935 0. 800~ 0.144 with

base 0.967~ 0.664 0.728~-—0.025 No
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Table 28 Comparison of winter type and summer type in regard to correlation
coefficient between alkalinity/F.W.10g and alkalinity/A.W.g in population of

the leaf.
% y Part Correlation coeffieient in population Difference
S W )
s-AJF.W. 10g V.ein . 0, 584~0, 641 0. 882~(, 412 No
Circumferential 0.905~0, 254 0. 849~0. 295 No
, Vein 0.993~0, 834 0.927~0, 594 No
-AFW, 10 ini
i~/ & | alkalinity/ AW.8 | o oferential | 0.970~0. 696 0. 904~0. 497 Ne
t-A/F.W. 10g V.eln . 0.962~0.319 0.913~0, 535 No
Circumferential 0. 979~0, 670 0. 897~0. 466 No
Fable 29 Comparison of winter type and summer type in regard to correlation
cocfficient between alkalinity/F.W.10g and alkalinity/A.W.g in population of
the staik.
x yr Part Correlation coefficient in population Difference
S | W :
top 0.892~ (), 483 0.973~0, 830 No
s-A[F.W. 10g middle 0.935~ 0.345 0.968~0.804 - No
base 0.617~—0.310 0.955~0. 737 With
top 0.981~ 0.872 0. 940~0, 656 No
i~A/F.W. i0g | alkalinity/AW.g | middle 0.982~ 0.696 0. 968~0. 803 No
base 0.969~ 0.726 0. 964~0. 786 No
top 0,740~ 0,050 0. 908~0. 510 No
t-A/F.W. 10g middle 0.927~ 0.168 0.928~0. 595 No
base 0. 159~-0, 686 0. 930~0. 607 With
ence of the correlation coefficients was signif- properties. But the details remain to be

icant. These results are shown in Tab. 26—
29, As given in Tab. 2629, there is no sig-
nificant difference in the correlation coefh-
cient hetween A.W.% and alkalinity/F.W.10g
Thit

is, the hasic relation that the ash content

in both winter and summer material.

controls the alkalinity in an organism is com-
mon in both types of spinach. In the base
part of the stalk, the correlation coefficient
between alkalinity/F.W.10g and alkalinity/
A.W.g was higher in winter material in re-
spect to s—A and t-A, and that was a signif-
icant difference from summer material.

From the results described above, in the base
part of the stalk it is expected that there

are some differences in their physiological

made clear by further experiments. On the
whole. it is inferred that there is no signifi-
cant difference in basic characters between
the stalk of winter material and that of sum-

mer material.

Conclusion

By using the spinach harvested in winter,
its ash-content, dry weight, and alkalinity were
determined and they were compared with
the results obtained in the summer spinach.
As a results the following points were clar-
ified.

1. Each character of winter spinace has
a larger deviation than that of summer spin-

ach, and therefore the homogeneity of the
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former is low,

2. As for dry weight, winter material is
heavier than summer material. Ash content

is about the same in the leaf, but somewhat
" low in the stalk of the former.

3. In the leaf of winter spinach, water-
soluble alkalinity decreases and ihsoluble-
alkal_inity increases, as compared with sum-
mer spinach. In the stalk of winter spin-

ach, water-soluble alkalinity decreases, but
insoluble-alkalinity does not increase as in
summer spinach.

4. In winter material, the ratio of water-
soluble alkalinity to water-insoluble alkalin-
ity is low. On the contorary, in summer
material this ratio is high.

5. As for each character, there is a certain
continuous decline in the order : base of
stalk—middle— top — vein — circumferential
part of leaf.

6. In the leaf of winter sf)inach, water-
soluble, water-insoluble, and total alkalinity

have respectivly a positive correlation with

ash content. In the stalk, there is correla-
tion between water-soluble and total alkalin-
ity on the one hand and ash content on
the other, but there is no correlation be-
tween water»ir'lsoluble alkalinity and ash con-
tent. ‘These characters are also found in
suminer 8pinach.

7. 1In the leaf of winter spinach, each al-
kalinity has a high correlation coefficient to
alkalinity/A.W.g. In the stalk of winter spin-
ach, there is a high correlation among the
various types of alkalinity.

8. The correlation coefficients in popula-
tion are estimated, As a result, it is shown
that their correlation coefficients have no sig-
nificant difference in both materials. There-
fore, it is inferred that the basic factors
dominating the alkalinity of plant are the

same in both materials.
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