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Summary

Apparent photosynthetic rates at light saturation (Pns) of leaf specimens from many apple cultivars
which contained genetic and environmental variations were measured, and analyzed in relation to diffu-
sive resistances, physiological characteristics and internal structures of the same portions in the leaf
specimens as the Pn readings. The principal component analysis using 80 cultivars (Experiment 1) sug-
gested that leaf color or amount of substance absorbing PPF in leaf tissue, leaf width and leaf swell-
ing, dry matter in mesophyll and reflectance of adaxial face was I, II, I and IV principal component,
respectively. The calculations of single correlations between the Pns, the rates of leaf respiration, the
diffusive resistances, the physiological characteristics and the internal structures of leaf specimens from
20 cultivars (Experiment 2) showed a significant correlation in each of relative values of facial density
of leaf chlorophyll (SPAD, r=0.759***), transmittance of PPF (Tesr, R=—0.729***), chromatic b* values
(b*, r=-0.657"*"), the L* value (L*, r=—0.572"*"), total volume of intercellular space in spongy tissue
per leaf area (TIs, r=0.497***), total surface area of cells in spongy tissue per leaf area (TSs, r=0.380%),
number of cells in spongy tissue per leaf area (NCs, r=0.344%), total volume of mesophyll cells per leaf
area (TV, r=0.299%) and mean leaf area (AREA, r=0.347"). Coefficients of regression of the Pn values
from multiple regression analysis in Experiment 2 was about 72% when the physiological characteris-
tics and the internal structures were used as the predictor variables, and about 78% when the diffusive
resistances except the mesophyll resistance (Rm (CO:)) were added to the predictor variables mentioned
above. With due regard to combinations of coefficients of variation (CVs) of the items of measurement
with their coefficients of determination to the Pns, decrease of transmittance of PPF (decreaseof Teer),
improvement of leaf color (increase of SPAD and decrease of b*), leaf maturation (increase of AREA,
width of mesophyll tissue and number of cells per leaf area) and full growth of spongy tissue were
suggested to be major measures to enhance Pn values in apple leaves.

key wards : apple leaves, photosynthetic activities, leaf physiological characteristics, leaf internal struc-
tures, diffusive resistances of carbon dioxide.
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Table 1. The eighty cultivars (%) used in the principal component analysis in Experiment 1 and the 20

cultivars (+) used in Experiment 2 among the 98 cultivars (Malus pumila Mill. var. domestica
Schneid) from the apple orchard at Shinjoh of NIAR and their ID numbers (Plant Number :

56109037).

ID No. Names ID No. Names ID No. Names
200008 * Alpher 68 200199 * Lakeland 200350 Stark Jonalicious
200014 * American Summer Pearmain 200210 * Lowell 200353 * New Krimson
200020 * Atlas 200217 * Mansaku 200359 * Staymared
200025 +Barry 200221  *  McIntosh 200363 Summer Champion
200035 + Benihime 200227 * Merton Beauty 200365 * Summerland
200037 + Benikanoko 200229 * Merton Joy 200368 * Summerred
200039  * + Benne Red 200235 * + Milton 200379 Talbat
200040 * Bews Red 200237 Missing Link 200380 Tallmans Sweet
200049 * Blenheim Pippin 200241 * Monstrous Pippin 200381 * Tamahime
200080 * Cortland 200245 * Murasaki 200384 * Terry
200081 * Cox’s Orange Pippin 200248 * Northern Spy 200392  * + Toshkee
200082 * Crimson Beauty 200257  * + Orleans 200407 * Victoria Sweet
200083 * Crimson Gold 200258 * Ortley 200414 * Wase Kannro
200084 * Crimson Spur 200262 * Party 200415 * Washington Bloomless
200090 * Deis 200263  * + Paulared 200418 * +Wayne
200091 * Delicious 200265 * Peach 200420 * Wealty
200099 * + Doyle 200270  * + Porter 200421 * Webster
200125 * + Forin 200272 Primate 200427 White Astrachan
200144 Goro 200273 Prime Gold 200430 * Williams Favourite
200148 * Granny Smith 200279 Rambo 200433 * Winesap
200149 * Gravenstein 200287 Red Fortune 200439 * Wrixparent
200154 * Hanaiwai 200292 * Red Warrior 200446 * York Imperial
200159 * Henry Clay 200296 * Reine Des Reinette 200447 % Awa 3
200166 Hourei 200299 * Richard Delicious 200449 * Gala
200173  * Indo 200303 * + Rome Beauty 200450 * Golden Delicious
200174  * Ingester 200306 * + Royal Beauty 200451 * +Jonathan
200179  * + Jesry Sweet 200318  * + Senetor 200455 * OQurei
200183 Jonared 200324 * Shin-Indo 200457 * Piarnovski j Golbok
200184  * + Jonathan Watson 200326 * Shinsei 200458 * Ralls Janet
200187 * Kagayaki 200332 * Smith Cider 200459  * + Renet Simirenko
200192 King of Tompkins 200333 * Spigold 200461 * Toukou
200193 * Kinkou 200344 % Stark 200469 Osenneje Polosatoje
200194 * Kintoki 200349  * + Starking Delicious

Table 2. The subject of leaf measurements, their abbreviations and units and the repeat numbers of

measurement of each item in Experiment 1 and Experiment 2.

Items (categories) Abbreviations  Units R%)fg_tlfl %nggegys
(Gas exchanges)
Leaf apparent photosynthetic rate at light saturation Pn mgCO; - dm™-hr' 3~6 6
Leaf dark respiration rate Rd mgCO; - dm™-hr' 3~6 3
Leaf photorespiration rate Rl mgCO; - dm™-hr' —* 1
Leaf transpiration rate Tr mgH:Om ™ - sec™ 3~6 6
(Diffusive resistances)
Diffusive resistance(R) of carbon dioxide in leaf surface Re (CO.) sec-cm™ 3~6 6
R in mesophyll Rm (CO.) sec-cm™ = 6
R 1n cuticle at leaf surface Rc (CO.) sec-cem™ - 3
R in stomata at abaxial leaf surface Rs (CO.) sec-cm™ ot 6
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A part of Table 2 in page 11.

Repeat numbers

Items (categories) Abbreviations  Units Exp.l* Exp.2’
(Leaf physiological characteristics)

Relative value of facial density of leaf chlorophyll SPAD 4~8 3
L* value of adaxial leaf surface L* v 2~4 2
a” value of adaxial leaf surface a* v 2~4 2
b* value of adaxial leaf surface b* v 2~4 2
Leaf width LW #m 5~10 5
Transmittance of PPF of leaf tissue Tose % 2 1
Reflectance of PPF of adaxial leaf surface Reer % 2 1
Luster of adaxial leaf surface Lisw 2 1
Specific leaf weight SLW mg-cm 2 1
Percent of liquid phase in leaf tissue L %" 2 1
Percent of solid phase in leaf tissue S %" 2 1
Percent of gas phase in leaf tissue G %" 2 1
Mean leaf area AREA cnf 5~10 3~5
Percent of leaf vain area per leaf area VEIN % 1 1
(Conditions at Pn reading)

Leaf temperature T 6 3~6 6
Photosynthetic photon flux at leaf surface PPE #mol-m”’-sec’ 3~6 6
Air temperature in the LI6200 chamber T € 3~6 6
Air relative humidity in the 1.I6200 chamber RH % 3~6 6
Concentration of carbon dioxide in the LI6200 chamber (COw) ppm 3~6 6
(Leaf internal structures)

Width of adaxial leaf epidermis Wue #“m - 3~4
Width of abaxial leaf epidermis Wle #“m - 3~4
Width of palisade tissue Wp #m - 3~4
Width of spongy tissue Ws #“m - 3~4
Mean long diameter of cells in palisade tissue Rpl #m - 3~4
Mean short diameter of cells in palisade tissue . Rps #m o 3~4
Mean No. of cell layers in palisade tissue NCL = 3~4
Mean surface area of cells in palisade tissue Sp ey - 3~4
Mean volume of cells in palisade tissue Vp g - 3~4
Mean % of volume of intercellular space in palisade tissue %lp % = 3~4
Mean long diameter of cells in spongy tissue Rsl #m — 3~4
Mean short diameter of cells in spongy tissue Rss #m = 3~4
Mean surface area of cells in spongy tissue Ss # ot = 3~4
Mean volume of cells in spongy tissue Vs 7w = 3~4
Mean % of volume of intercellular space in spongy tissue %ls % = 3~4
Mean % of volume of intercellular space in mesophyll tissue %1 % e 3~4
No. of cells in palisade tissue per leaf area NCp mm "’ — 3~4
No. of cells in spongy tissue per leaf area NCs mm — 3~4
No. of mesophyll cells per leaf area NC mm — 3~4
Total surface area of cells in palisade tissue per leaf area TSp em’ - em ™’ - 3~4
Total surface area of cells in spongy tissue per leaf area TSs cm’ - em ™ — 3~4
Total surface area of mesophyll cells per leaf area TS cm’ - em” - 3~4
Total volume of cells in palisade tissue per leaf area TVp mm’® + cm ™ - 3~4
Total volume of cells in spongy tissue per leaf area TVs mm’ - cm ™’ - 3~4
Total volume of mesophyll cells per leaf area TV mm’® + cm ™ — 3~4
Total volume of intercellular space in palisade tissue per leaf area TIp mm’ - cm — 3~4
Total volume of intercellular space in spongy tissue per leaf area Tls mm® - cm — 3~4
Total volume of intercellular space in mesophyll tissue per leaf area  TI mm’ - cm”* — 3~4

* Repeat number of measurement per cultivar.

¥ Repeat number of measurement per leaf specimen.
* Not determined.

* Value from CIE1976 (L* a* b*).

"% inv v.
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Fig.1l. A diagram showing mesophyll tissue, long and
short diameters of cells in palisade and spongy
tissues and rotation axes to calculate volumes
and surface areas of the cells as bodies of rotation.
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Table 3. The means, the ranges, the standard deviations
(sds) and the coefficients of variation (CVs) of
several leaf characteristics of the 80 apple culti-
vars in Experiment 1. The abbreviations of the
leaf characteristics refer to Table 2.

Items Mean Min: Max. sd CV(%)  Unit

SPAD 3540 20.78 52.68 5.384 15.21

L* 37.87 32.80 45.95 2.671 7.05

a* -15.24 -20.15 -9.85 2.273 14.91

b* 1757  9.85 29.80 4.316 24.56

LW 287.5 206.0 4264 39.89 13.87 ym

Teee 1.200 0.428 2.408 0.330 27.49 %

Resr 7.608 5.431 12.18 1.025 13.48 %

Lese 30.02 13.17 49.78 6.573 21.90 %

SLW 5.854 4.275 8541 0.839 14.34 mg - cm™*

L 4097 27.73 52.85 4.418 10.78 %

S 13.40 9.125 18.99 1.769 12.82 %

G 4523 32.65 60.15 5.323 11.77 %

AREA 36.09 15.02 62.04 9.602 26.61 cm’

Pn 18.20 7.40 29.51 4.249 23.37 mgCQO,-dm *-hr™
Rd 2.937 1.013 6.886 1.066 36.28 mgCO,-dm **hr*
Re (CO.) 2.768 1.605 4.626 0.849 30.67 sec * em™

2) ERSOWER

EER 1 OREQEFWILEIZ T B£8R a5z 1To
7oL A, FHFIIE T EWH2%0.326, %1 ERm A
0.207, BMERSTA0.1178 X BN 55 5%0.101TH -
7o, BREHFGRIIEN ERST E TIE0.750, BV ERHS £
TIX08LTTHh 72 &hb, ENERTEITEERD S
ERTEERL. BEVNERS ETORTARE (FB4K)
RHWME T2 L, 1 EMSICIE a* 8L USPAD
PEDER, L*, b* BL U Teer PEOER L L T <

Table 4. Factor loadings of the first four princi-

pal components for 80 cultivars. The ab-
breviations refer to Table 2.

Principal components

Characters
I il il %

1" -0.820  -0.372 0.245 0.019
a* 0.942 0.179  -0.106 0.008
b* -0.919  -0.263 0.160  -0.074
L -0.203 0.903 -0.095  -0.105
S -0.187 0.608 0.676 0.171
G 0227  -0.940 -0.134 0.034
SPAD 0.921 0.158  -0.053 0.063
LW 0512 -0.689 0.269 0.117
Teer -0.825  -0.091 -0.039 0.071
Reer -0.079 0.216  -0.052 0.606
Lieer -0.128 0.107  -0.177 0.609
SLW 0.355  -0.112 0.837 0.287
AREA 0.292 0.019 0.487  -0.436
VEIN 0.060  -0.120  -0.047 0.575
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Fig.2. Relationships between the Pns, the scores of first
principal component ( I PC) and the scores of the
second PC (I'PC) (upper) and that between the
Pns, the scores of the third PC (IIPC) and the
scores of the fourth PC (IVPC) (lower) in Experi-
ment 1.
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dm™-hr™) XAHS (1980) OFEER (FHH 4ng
CO:+dm™hr) X DidREH o7, BEIFTHEE (Rd)
D#iPFAIZ0.61~6.45mgCO, - dm ™ - hr™ (FH#52.50mg
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Rd % kAl o7z, ZEWIEH (Rm (CO.)) OHIPAIL3.37~
16.88sec-cm™ (FF##98.89) TH Y, RBEDRES &
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Table 5. The means, the ranges, the standard deviations
(sds) and the coefficients of variation (CVs) of
rates of gas exchange, diffusive resistances, leaf
characteristics and leaf internal structures of the
48 leaf specimens from Experiment 2. The abbre-
viations of the items of measurement refer to
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Table 2.
Items Mean Min. Max. sd CV(%) Units
Pn 18.88 11.33 26.22 3.636 19.25 mgCQO.dm *-hr™*
Rd 2.502 0.617 6.449 1.145 45.77 mgCO;*dm *hr'
RI1 6.176 2.647 14.53 2.289 37.38 mgCO,-dm *-hr™*
Tr 9.012 4.307 13.60 2.336 25.93 mgH.O-m *-sec™
Ta 30.07 26.92 32.83 1.623 7.1056 T
Tl 30.63 27.15 3348 1.530 7.997 C
Re (CO.) 2.404 1531 4.754 0.732 30.46 sec-cm™
Rc (CO.) 21.59 6.268 54.74 9.767 45.26 sec-cm™
Rs (CO.) 2.878 1.695 6.449 1.152 40.03 sec-cm™
Rm (CO:) 8.889 3.370 16.88 2.557 28.77 sec-cm™
SPAD 4122 27.65 5890 5.488 13.31
L* 35.17 29.70 41.45 2.387 6.776
a* -12.61 -17.35 -6.950 2.128 16.87
b* 14.13 6.350 25.35 4.034 28.55
LW 291.8 2184 392.0 32.32 11.07 #m
AREA 33.72 13.68 50.33 9.528 28.38 cm’
SLW 7.427 4.153 10.42 1.414 19.04 mg - cm™*
L 39.24 21.14 48.48 5.701 14.53 %
S 17.05 12.40 24.20 3.260 19.12 %
G 43.71 33.80 65.19 5735 13.12 %
Teor 0.875 0.339 1.645 0.241 27.59 %
Reer 9.076 5.612 12.67 1.478 16.29 %
Lepr 29.87 14.31 49.04 6.573 22.01
VEIN 43.23 27.26 55.06 6.779 15.68 %
Wue 12.06 9.150 15.68 1.162 9.643 #m
Wle 9.779 8.381 11.44 0.662 6.771 #zm
Wp 98.06 72.88 1352 13.82 14.10 #m
Ws 80.49 54.84 1253 13.59 16.89 ¢ m
Rpl 29.94 2412 39.56 3.361 11.22 #m
Rps 5.781 4.827 6.612 0.389 6.731 #m
NCL 2.689 2.046 3.516 0.245 9.122
Sp 430.5 341.8 579.3 54.00 12.53 #m*
Rsl 10.14 8.055 13.98 1.246 12.29 #m
Rss 8.044 5914 10.12 0.878 1092 #m
Ss 251.0 151.3 407.0 43.21 17.20 ¢m’
Vp 527.7 370.5 821.8 89.62 16.98 pm’
%1p 72.44 6893 78.98 2.117 2.927 %
%1s 91.056 86.76 95.15 1.582 1.738 %
%1 81.74 178.53 87.06 1.501 1.836 %
NCp 52167 34426 68575 7545 14.46 mm”’
NCs 20425 12830 32165 3845 18.74 mm*
NC 72294 55454 95267 10006 13.84 mm*
TSp 22.14 1589 28.38 3.073 13.88 cm’: cm™*
TSs 4920 3.193 7.247 0.939 19.09 cm’ - cm™*
TVp 2.688 1.931 3.404 0.370 13.75 mm’- cm™*
TVs 0.717 0.378 1.317 0.174 24.23 mn’- cm™*
TV 3.403 2.323 4.545 0.471 13.84 mn’ - cm ™’
TIp 7.114 5.130 10.13 1.086 15.26 mm’- cm™*
Tls 7.331 5.037 11.57 1.254 17.10 mn’ - cm™®
TI 14.45 10.73 20.22 1.920 13.29 mm’ - cm™®
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LTBLWAY by OllEME (5% 10sec em™, Roper
5, 1986) BTz, EHEarobFR I TOBRADOEN
®RT b OBEBREAKE D o722 & OFEYEF R
HEHIZOWTERAHTHL., 43I F > Tlra* OF
BIREA R O K& o7z (ILUARS, 1997) 7207 12 FBRIE
Wy,
2) BIEEROHEREREE

FEER 2 OWEMEE OMBITII %85 6 ~ 8 RITR L 7.
72720, KREKOIHERIUL REE A A OILFEEHT & Ll
BAfRDSH H DT, 56 ~ 8 KA L IIKERD LK ILHIKTT
(Re (H.0), Rc (H*0) 3L URs (H:0)) #BwTah
5. ‘
a) AW ONEBEENEME (Pn) & OAHBIBELR

Pnicxt LEVWAERHAMIRD Lz b OIESPAD
(r=0.760"**, 83KA), L* (r =—0.572***), a*
(r=0.642***), b* (r =—0.657"**, 53 MB) B LV
Toer (r=—0.729""*, 553 KID) THo7z (56 ~8%K).
INSDOEWHHBBERIIPPFIRINAE D& W HPn % K &
CERTAZERRT. ZoMICSIIEE G o7
P, Pnilxt LEEZHERBO LN DODIERm
(CO.) (r=—0.495""*) BLUCUTWER S HATLER
FEL 7 ) oSO KRR (TSs, r=0.380%,
EIXG), ERMEEMoRKREM (TS, r =0.332%),
MR R O MR E (Tlp, r =0.304%), #EARM
oM E (TIs, r =0.497**, E3XH) B &

CFERMRET OMEERE (TI, r =0.497***, %3
1) ThHotz (56 ~8%K). NLOMBEMERLS,

Ml RmECHREEBEEOHEKPEAMRETS L UER
MBEANORBETADILFHRELY SO, EARE (Rm
(CO.)) ZETEE, TNOHPFBERTPnAKREL 2o
RbDEEZLND, ZOMIZPn 23t LA E 2 MBS

) E13%E B35

Ao bz b OREEFYER (AREA, r =0.347"),
HEKHEEOE S (Wp, r =0.306%), #EMHIKMELOE &
(Ws, r=0.493**) & FHAZEAE Y 72 ) O AR IRAE
HAIRaE (NCs , r=0.344*, #3RF) B L OHfrzE
Hf& 72 ) OEAMBORAETRE (TV, r=029*) THh->
7 (856 ~8%K). IhooMBEEGRLIS, K&, E
{, MERHAFELZEZIEPn BRI BB ENEL
LNA. Zofl, Pnicxtd 2EHKO 2 XL HAOA R
% MAARRIAS, Re (CO.) (Ei12/h, R*=0.095%, %3
X C), Re (CO.) (Fizfh, R*=0.203**), Rs (CO:)
(T2, R.=0.106*), Wue (TFi2y, R*=0.181**),

Rd (Fizfh, R*=0.104*), #AHEE (L, T, R'=
0.137*), &AM#EE (G, T, R*=0.1%), ERSA

= (VEIN, Tiafh, R?=0.187**, £ 3HE) BXUH
ALEEERE M 72 0 AR L o s R FE (TVs , kiC
My, R*=0.091*) THDO SN, ThSDIEY AT
W) 72 FRFUL R EE T d o 72.

¥EE (SLW) LPn toHOHEIEES I v+
Be (AR S, 1997) EREBRICEL, BE TR o7
(86~8%). 7272L, V) v ITOHE—RF (‘Delicious’)
2BV, WEHNIC r =0.926*** OFWE & 7 M 2
HLENTWAD (Barden, 1978). AKZEBEDOPn O #i A
11.33~26.22mgC0O; - dm™ - hr ' TH o7z DIZHK L,
Barden (1978) OFEEEDOZ1id# 4 ~13mgCO: - dm™ -
hr! TH Y, WEBIZPnOKE 2B WHIEE L7277,
SLW O#FI3IZIFB T/ (F5%K). Pn ESLWOHM
BB 2 WHEBROECOFERIL, BZ5 <, RERED
HHEELBEROFEBE R A RS OIEICRE L72d DD L5
FERWEZEIZLDSLWOEWSHEAE TN 2D
% L, Barden (1978) D EERIL[F— AL OBEDEWLE,
HBEE, RSB L UOREFRPOMA LRELRRZ LICE

Table 6. Simple correlations between rates of gas exchange, diffusive resistances of carbon dioxide gas,
leaf physiological characteristics, meteorological factors at Pn reading and leaf internal struc-
tures of the 48 leaf specimens of apples. Abbreviations of the variables refer to Table 2.

Items Pn Rd PPF Ta Tl (C0:) RH Tr SPAD L a* b* LW AREA
Pn 1

Rd 0.022 1

PPF -0.043  0.041 1

Ta -0.341* _0.309 _0.370 1

Tl -0.328 0.224 0.260 _0.862° 1

(COw) -0.303 -0.181 0.115 0.092 0.117 1

RH 0574 -0.167 -0.358 -0.718 -0.585 -0.311 1

Tr -0.060 0274 0171 0646 0587 0.065 -0.947 1

SPAD 0760 0.090 -0.120 -0.414* -0.334 -0.516 0.524 -0.186 1
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A part of Table 6 in page 16.

[tems Pn Rd PPF Ta T1 (CO) RH Tr SPAD L* a* b* LW AREA
L* 0572 0017 0172 _0447 _0.362 0482 -0438 _0.397 -0.748 1
a* 0.642 0110 -0.181 -0.372 -0.331 -0.540 0.523 -0.297 0.811 -0.925 1
b QBT 002 0218 052 07 045 0F6 035 Q8L O¢8 LY 1
LW 0.232 0.141 -0.249 -0436 -0.386 -0.323 0.320 -0.163 _0.399 -0.250 0.288 -0.233 1
AREA _0.347  0.115 0.028 -0.349 -0.376 -0.232 0311 -0.265 _0.364 -0.411 0.326 -0.402 0.147 1
SLW 0.063 _0.332 0.207 0.18 0.031 -0.088 -0.073 0.272 0.020 0.134 -0.033 0.183 _0.362 0.053
L 0.231 0117 -0.167 -0.231 -0.208 -0.041 0.078 -0.114 0.123 -0.255 0.161 -0.310 -0.088 0.213
S -0.065 0.229 _0.369 0441 0246 0.091 -0.275 _0.381 -0.211 0.271 -0.192 _0.311 -0.226 -0.032
G -0.181 -0.247 -0.044 -0.021 0.067 -0.011 0.079 -0.103 -0.003 0.099 -0.051 0.131 0.216 -0.193
Re (CO.) -0.286 -0.166 -0.009 -0.208 -0.062 0.052 0.076 -0.785 -0.085 -0.216 0.081 -0.107 -0.067  0.052
Rc (CO,) -0.251 0.003 0017 0425 _0.367 0242 -0.146 0.192 -0.377 _0.465 -0.368 _0.460 -0.298 -0.307
Rs(CO.) -0.063 -0.119 0.020 -0.325 -0.18 -0.109 0.189 -0.805 0.193 -0.402 029 -0.295 0.102 0.177
Rm (CO.) -0.495 0.143 -0.002 0.198 0.268 0.230 -0.223 0.120 -0.420 _0.360 -0.398 _0.440 -0.075 -0.209
R1 0.015 0.259 -0.041 -0.234 -0.210 -0.250 _0.309 -0.200 0.108 -0.250 0.280 -0.234 0.101 0.180
Tese 0729 -0.119 009 0389 0357 _0.460 -0.540 0.174 -0.901 0.668 -0.757 _0.750 -0.408 -0.364
Resr 0.151 0.005 0.090 -0.004 -0.061 0.250 0.116 0.031 -0.099 0.096 -0.115 0.027 0.003 0.163
Lser 0.080 -0.159 0.178 0.042 -0.059 0.177 0.039 -0.063 -0.111 0.043 -0.113 -0.012 -0.087 0.012
VEIN 0.242 0.098 -0.055 -0.041 -0.022 -0.281 0.103 -0.041 _0.354 -0.473 0.466 -0.380 0.280 _0.369
Wue -0.084 0.169 -0.076 0.146 0.149 -0.020 -0.123 0.211 -0.282 0.275 -0.236 0.257 -0.002 -0.064
Wle -0.144 -0.257 0.069 -0.174 -0.076 0.170 0.029 -0.071 -0.139 0.062 -0.173 0.092 -0.004 0.048
Wp _0.306 0.286 0.002 -0.341 -0.399 -0.180 0.203 -0.038 _0.434 -0.350 _0.423 -0.391 _0.434 _0.443
Ws 0493 -0.088 -0.061 -0.238 -0.187 -0.309 0.280 -0.113 054l -0477 0523 -0.51L 0.219 -0.052
Rpl 0.210 0175 -0.037 -0.312 -0.385 -0.211 0.181 -0.168 _0.367 -0.487 0.500 -0.521 0.286 _0.435
Rps -0.068 -0.202 -0.095 _0.144 -0.021 -0.068 -0.053 -0.093 -0.094 0.083 -0.005 0.027 -0.080 -0.217
NCL 0.094 0135 0.220 -0.032 -0.116 0.139 -0.017 0.192 -0.090 0322 -0.219 _0.288 0.172 0.160
Sp 0.134 0.040 -0.062 -0.181 -0.334 -0.217 0.115 -0.191 0.249 -0.370 _0.418 -0.419 0.200 0.248
Rsl 0.135 -0.077 -0.074 -0.107 0.013 -0.219 0.147 -0.087 0.262 -0.326 _0.355 -0.306 0.122 -0.072
Rss -0.149  0.079 -0.064 -0.098 -0.207 0.179 -0.018 0.041 -0.135 0.247 -0.159 0.171 0.170 -0.010
Ss -0.062  0.040 -0.077 -0.139 -0.168 0.028 0.052 -0.021 0.049 -0.008 0.081 -0.044 0.232 -0.005
Vp 0.080 -0.051 -0.067 -0.088 -0.259 -0.190 0.072 -0.182 0.159 -0.268 0.329 -0.319 0.117 0.09
%Ip 0.086 0.073 -0.126 -0.087 0.097 -0.021 0.044 0.127 0.250 -0.344 0.296 -0.299 -0.012 0.165
Vs -0.060 0.025 -0.080 -0.129 -0.168 0.057 0.033 0.009 -0.011 0.000 0.068 -0.040 0.211 -0.015
%ls 0.075 -0.105 -0.012 0.053 0.113 -0.233 0.030 -0.120 0.138 -0.313 0.190 -0.281 -0.194 -0.005
%1 0.100 -0.004 -0.095 -0.033 0.128 -0.138 0.047 0.026 0.249 -0.407 0.309 -0.359 -0.111 0.114
NCp 0.148 0.268 0.148 -0.169 -0.106 0.099 0.088 0.132 0.071 0.122 -0.108 0.130 0.254 0.191
NCs _0.344 0.002 0.137 0.000 0.003 -0.066 0.093 -0.105 0.211 -0.113 0.161 -0.119 -0.033 -0.030
NC 0.264 0.211 0.175 -0.165 -0.115 0.038 0.116 0.066 0.150 0.025 -0.005 0.037 0.220 0.156
TSp 0.268 _0.338 0129 -0.329 -0.415 -0.106 0.172 -0.049 _0.303 -0.175 0.236 -0.214 0.450 _0.444
TSs _0.380 0.048 0.013 -0.206 -0.223 -0.109 0.216 -0.031 _0.346 -0.156 0.278 -0.189 _0.291 -0.006
TS (0332 0305 0115 -0.339 -0418 -0.121 0.206 -0.050 _0.354 -0.193 0.278 -0.235 0466 _0.382
TVp 0.249 -0.245 0.089 -0.289 -0.457 -0.159 0.163 -0.107 0.278 -0.151 0.257 -0.221 _0.440 0.363
TVs 0.272  0.024 -0.023 -0.199 -0.229 -0.043 0.169 0.010 0.281 -0.093 0.219 -0.140 0.295 -0.030
TV _0.299  0.202 0.084 -0.300 -0.442 -0.142 0.192 -0.081 _0.318 -0.162 0.284 -0.227 _0.452 0.275
TIp _0.304 0277 -0.029 -0.336 -0.352 -0.175 0.204 -0.013 _0.457 -0.391 _0.451 -0.422 0.403 0.439
TIs 0497 -0.09 -0.063 -0.231 -0.171 -0.329 0.280 -0.123 0.550 -0.504 0.537 -0.534 0.197 -0.052
TI 0497 0.094 -0.08 -0.340 -0.311 -0.313 _0.298 -0.087 0618 -0.550 0.605 -0.587 _0.356 0.214

and is significant at 5%, 1% and 0.1%, respectively.

SAANAS
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Table 7. Continuance of Table 6. The explanations of the table refer to Table 6.
Items SLW L S G RQ(COZ> RC(COZ) RS(COZ) Rm(COz) R1 TPPF RPPF LPFF VEIN Wue

SLW 1
L 029 1

s 0820 -0275 1

@ -0.169 0837 -0295 1

Re (CO.) -0400 0.079 -038 0141 1

Rc (CO.) -0.063 -0.280 0.083 0.231 -0.041 1

Rs (CO.) -0.289 0.133 -0369 0.077 Q924 -0.28 1

Rm (CO.) 0.083 -0.357 0.125 0.283 0.034 0.285 -0.133 1

Rl 0.064 0.009 0.007 -0.013 0.119 -0.146 0.158 0.111 1

Teer -0.075 -0.105 0.175 0.006 0.131 _0.320 -0.095 _0.324 -0.178 1

Reer 0.246 -0.022 0.266 -0.129 -0.234 -0.024 -0.249 -0.015 -0.036 0.115 1

Lier 0.071 0.054 0.139 -0.133 -0.089 -0.028 -0.124 -0.176 -0.191 0.163 _0.862 1

VEIN 0.005 0.052 -0.126 0.020 0.109 -0.073 0.199 -0.192 _0.312 -0.294 -0.176 -0.19%6 1

Wue 0.180 0.164 0.191 -0.2901 -0.165 0.123 -0.254 0.155 -0.050 0.247 0.217 0.102 -0.153 1
Wle -0.008 0.112 -0.024 -0.098 0.067 -0.124 0031 0.208 0.139 0.070 0.033 0.001 -0.137 -0.003
Wp _0.3%0 0.216 0.155 -0.302 -0.206 -0.402 0.005 -0.213 _0.317 -0.441 0.117 -0.064 0.247 0.151
Ws 0.129 _0.403 0.004 -0403 -0.053 -0.346 0.143 -0.371 0.024 -0.477 -0.081 -0.003 0.075 -0.163
Rpl 0.247 0104 0.109 -0.165 -0.069 -0.405 0.084 -0.095 _0.292 -0.374 0.071 -0.020 0.122 -0.021
Rps -0.09% -0.064 -0.060 0.098 0.047 0.248 -0.002 -0.159 -0.112 0.113 0.121 _0.318 -0.064 _0.353
NCL 0.362 0.003 0.258 -0.149 -0.288 0.138 -0.256 -0.043 0.121 -0.003 ~0.186 -0.012 0.160 _0.311
Sp 0.183 0.047 0.08 -0.095 -0.022 -0.217 0.076 -0.152 0.193 -0.246 0.124 0.150 0.072 0.171
Rsl 0.107 -0.023 0.045 -0.003 0.059 -0.290 0.161 -0.013 0.199 -0.296 -0.204 -0.155 -0.065 -0.262
Rss 0.134 0.070 0.028 -0.085 -0.1656 0.068 -0.142 0.039 0.069 0.064 -0.063 -0.074 -0.129 0.178
Ss 0.181 0.045 0.045 -0.070 -0.089 -0.106 -0.002 0.031 0.178 -0.102 -0.155 -0.141 -0.093 -0.004
Vp 0.109 0.005 0.050 -0.034 0.006 -0.090 0.066 -0.164 0.112 -0.157 0.126 0.222 0.029 0.221
%]Ip -0.106  0.242 -0.094 -0.187 -0.030 -0.429 0.077 -0.093 0.125 -0.149 -0.136 -0.206 0.195 -0.267
Vs 0.165 0.067 0.041 -0.080 -0.116 -0.077 -0.046 0.047 0.160 -0.076 -0.1388 -0.124 -0.078 0.004
%Is -0.357  0.151 -0.241 -0.013 0.232 -0.204 0.223 -0.164 -0.077 -0.025 0.081 0.219 0.104 0.061
%I -0.263 0.250 -0.194 -0.138 0.101 -0410 0172 -0.152 0.048 -0.118 -0.053 -0.030 0.192 -0.221
NCp 0.301 0.064 0.155 -0.152 -0.199 -0.018 -0.147 0071 0.127 -0.158 0.031 -0.210 0.122 -0.029
NCs 0.133 0.192 0133 -0.267 0.101 0123 0.113 -0.277 -0.129 -0.227 0.088 0.027 0.158 -0.044
NC 0344 0105 0.207 -0.222 -0.171 -0.048 -0.104 -0.041 0.076 -0.213 0.084 -0.132 0.138 -0.036
Tsp 0485 0109 0.244 -0.247 -0.207 -0.249 -0.056 -0.074 _0.290 -0.380 0.148 -0.079 0.170 0.163
TSs 0.411 0.161 0.241 -0.297 -0.179 -0.091 -0.021 -0.204 0.070 -0.371 -0.068 -0.122 0.008 -0.088
TS 0.528 0.136 0.274 -0.292 -0.226 -0.239 -0.054 -0.118 0.270 -0.428 0.113 -0.100 0.149 0.118
TVp 0468 0.072 0230 -0.202 -0.190 -0.172 -0.046 -0.144 0.251 -0.348 0.197 0.050 0.138 _0.312
TVs 0372 0134 0.199 -0.246 -0.215 -0.065 -0.076 -0.116 0.075 -0.312 -0.110 -0.152 -0.023 -0.078
TV 0,507 0102 0.257 -0.248 -0.226 -0.159 -0.061 -0.152 0.224 -0.391 0.110 -0.021 0.09  0.220
TIp 0334 0249 0.116 -0.314 -0.195 -0.453 0.023 -0.221 _0.319 -0.442 0.081 -0.098 0.269 0.086
TIs 0.088 _0.418 -0.024 -0.402 -0.028 -0.366 0.166 -0.386 0.016 -0.474 -0.073 0.018 0.085 -0.166
TI 0.247 _0414 0051 -0.440 -0.129 -0.495 0.120 -0.377 0.191 -0.560 -0.002 -0.044 0.208 -0.060

DIEVWEFDOSLWE DA INE L 722 LICLBdbD 74NV EDEN (7 7F) BEBIUBELUNORKA
LEZONE, MZT, A—METIIMMDS  OERE L2HMBRMEEWEICL VBN SN o ERARNEERE
DTV B720, Pn ESLWOBENERAIL L 722 &A% fEE (400~700nm) DOXDOFHHERETH -7z (LK

EFACY (V- 5, 1997). ZHUIH L, FERFEANIRESPADIE (SPAD)
b) PPFERINEEICRESE ¥ % 1ERIRIR IEERRRRE LB OBVEERRE (650nm ) ORIPEE

Teee BERER L LD ICINDII O OF >, FH 2 b 2 ENG, EROBVSELET 55, RIWHE
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Table 8. Continuance of Table 7. The explanations of the table refer to Table 6.

Items Wle Wp Ws Rpl Rps NCL

Sp Rsl  Rss Ss Vp %Ip Vs %ls

Wle 1
Wp 0.094 1

Ws 0185 0331 1

Rpl 019 0732 034 1

Rps -0.000 0137 -0.043 -0.016 1

NCL 0012 0425 -0.149 -0.136 -0.09 1

Sp 0.185 0545 0278 0842 052 -0.165 1

Rsl 0349 0129 0553 0399 -0.02% -0404 0346 1

Rss 0.222 0158 0006 0198 0453 0152 0421 0071 1

Ss 0340 0228 0279 038 0351 -0.084 (0538 0555 086 |1

Vp 0.169 0354 0224 0639 0748 -0160 0951 0300 0490 0566 1

%Ip 0153 0312 0285 0179 058 -0.136 -0.159 0243 -0.373 -0.172 -0315 -1

Vs 0328 0212 0248 0360 0350 -0.08 Q515 0510 0855 Q987 Q550 -0.191 1

%Is 0252 -0.183 0022 -0.094 -0.117 -0387 -0.166 -0.25 -0.706 -0.697 -0.188 0302 -0700 1
%I 0,025 0123 0199 0076 -0455 -0.300 -0.200 0.036 -0635 -0488 -0321 0865 -0504 0741
NCp -0.093 _0.367 -0.028 -0.099 0717 0686 0467 -0.264 -0.188 -0278 0622 0.147 -0.255 -0.178
NCs 0.063 0109 0492 -0.136 -0253 _0.340 -0.247 -0.081 0496 -0482 -0.274 0.0738 049 0.128
NC 0,092 0360 0152 -0.092 -0688 0633 -0441 -0213 -0338 -0387 0586 0.172 -0.377 -0.100
TSp 0.017 0878 0.183 0632 -0.277 Q564 0390 -0.019 0157 0145 0183 0004 0.144 -0.297
TSs 0.264 0400 0734 0289 -0.053 0242 0243 Q517 0288 0473 0.199 0014 0434 -0588
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Items %I NCp NCs NC TSp TSs TS TVp TVs TV TIp TIs TI

%I 1
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NC 0.068 0942 0663 1

TSp 0153 0617 019 0582 1

TSs -0300 0222 0466 0367 0400 1

TS -0212 0292 0202 0600 0970 0610 1

TVp 0375 0290 0067 0270 08% 0409 0883 1

TVs 0439 0100 0160 0159 0350 0933 0349 0423 1
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I 0341 0181 0347 0300 0556 0644 0650 Q502 0548 059 Q791 0847 1
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Fig.3. Relationships between the Pns (mgCQ,- dm™- hr™') and the several items in
Experiment 2. The abbreviations refer to Table 2.
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Fig.4. Photographs of vertical section of apple mesophyll.
Upper : Palisade tissue composed of 2 layers.
Lower : Palisade tissue composed of 3 layers.

AL7z (556 ~8%). Fk (1993) IEL* & b* AR R
{, a* PRRBVBVWEEL LA Y FUETHVE
ERIEERE L Tn5.

SPADIZIZF B A Tdh o 72 A5 LFRD Toer & 17248
BRRARD SN (856 ~8FK). Zofiz, SPAD
& BATHERIR 4 72 ) O #E RIS O KRR (TSs)
BLUEAMEMRORERER (TS) LOMICEDEE
ZHBEIPEDL (556 ~8K). 512, HUKERE
L7-h) DMK E (TIp, TIs 3 L UTI) LSPAD®
BFICDIEOFELHEIROON: (F6~8FK). =
DEMHIIAHTSH 27, EXNMREECHEMBEED
BARICHBOICRS L CEREIERA-Z L, HH0IE,
ERMRRO RO KITIE > THEMICHMBSE 2o
T EDEZONDD, SHRETLLEND 5.

c) EMMBADRES S XHAEECREE ¢ 2 1HBIRIMR

FERHBEA O KRR T ATLBRE ISR T A LTINS
EWIEH (Rm (CO.)) BLULBHBWT LS BALEEE
A7) OiRIKHEERORKERE (TSs), ERMALHA
fan#EEM (TS), MKE&PoMBEBE (Tlp),
R OMBEEEE (Tls) B L UERMEETO
MAERE (T) &P toMICWIN L AEELMHES
BooN (56 ~8%K). 7, LidnHEHMIZIZRm
(CO:) 2BEEWICAE R HMMEIRO LN (5
6~8%). Rm (CO:) I LEELRMMIED L
b DI HERIRFAREDOE & (Ws, r =—0.371%), TIs (r =
—0.386**) BLUTI (r =—0.377"") Tho7: (56~
8K). TOZLd»sH, HMIKHEKOREE I, HiE
BEIBREAHEAL72Z L5 Rm (CO.) KT &¥, Pn®
BRELLLL-ZEFEZONS. ERROMHBOIZH,
IZTSs L HEEE (SLW), #MKHEKOES (Ws), #
FIAEMROFHER (Rs]), iERESHEROFEY
K (Ss), WwAKAEHROTYEE (Vs) BXIT
Vv b BATSERAYS 72 ) Ok o M 5k
(NCs), iR RAR (TVs) B & OHEMRRA
W oMKaMBRE (Tls) & OMICEDA & % HE AR
dh (56 ~8%K), WMHIKMHEDFERE & EMRK
AL OREAEEPEBEETHL LN ELONS.
TSs (Z ERCOMBICZ, MRERORERE LR
Wp, TSp, TVp BXUTIp L OB ICIEDA E B
FHELZZENS (56 ~8%K), TSsHAKZWwIZ &
ENHE AP BELTWAI LA RTINOTHS. M
Fa R E RO ZES (Tlp, Tls B X UTI) &HHIRERE
DEE (Wp), HEHRKHEBOES (Ws) B L UHIE



22 IWERERE (RE

HFE 2 72 ) ORI OB ER K (TSs) BL O
BATRETRE 247 ) AR OB KR ER (TS) & o
WIEDEER, LT, ZOZLFBWHENED O,
HMBHBREOHE K L MRAEMBEOMKEVIFEETH 5
ZENREZOND. IRLICMAZID3E (TIp, Tls
BLOTI &7 F7 798K (Re (CO:)) L oMz
WINLBEOFELMHBENRO LN (6 ~8FK).
COHBIIOWTIE, ERAEKORHE KATLE) I
$30F 0 TRORRKENEZOLNDLH, —FT, Re
(CO.) DEMHEFE (ILARS, 197) 26 RT, Reehk
FALBA O 7= 12HE L A Re (CO:) Di/NF D Bebh,
SHREEET .
d) EDRFEICEE L /-1EBIRAR

1) BXU2) ma) TitL7:&H12, ZEREOK
E Do EEFYERE (AREA) iU &3 MR
HBOBE (Wp), HMIKHBOES (Ws) B LU
Wb BATIERE 472 ) O IR IREIE L (NCs),
EAMMORETRE (TS) B X UHEREE O M RIB
& (TIp) &PnbtOMICABELRBVIEOHBES RO b
T2 e, AFFREICHES L CEORIMEICHEEL
FERITERTE RV, AREA EHERERRICBEE L2
¥ (Wp, Rpl, TSp, TVp BLUTIp) LDMIZIEDE
BELMHAEPREO LN &5, ERRoOMEIE, #@RIR
HMERIZDWT o FREEKROZEE (Ws, Rpl, TSs, TVs
BLUTIs) &Pn & DEOMHBIIERIGE, £2TEPro
7o (E6~8%K). 2O s, EHMEDHERITMIK
WO EICFETHHZ LAREENI. AREA L%
k&A= (VEIN) EDRICb EOEELRME (r=
0.369*) HSERH LTz, UKD S, MEKHEES L O
MR OIEE (WpBLUWs) &, T xR T 5
MloE, %, &ZEE, SFEBSLIOHREEEOS
OEHEOBMICBNEORERMHMEIRO LN (56
~ 8 %), HEREL ) OWERRERAEE (NCs)
EHARIREOE S (Ws) BLUHEMERBE LY O
ARSI O RETE (TSs) B L OB EHRFEY
720 OERRARF OMBEEE (Tls) &£ oMIZidw
FTHHIED, RN FHEE (Rss), IR
MMM OB ERERE (Ss) BLUZOFHEE (Vs)
EOMIZIZVTNOADAEELRMMNRD LN (556
~8#). T LIFHMIEER Y 0 iR R
FAOEAEEZ 5 L B4 OIS 2 B7h%, HBIZE
Y, MBRREIERE: 2 2 LA RIBT D, BREAH
O, BAUERMBELZ ) oFERMBGHROBER (TV)

) 13 B35

LHBOE S, MiaonREE, MREBEOLEE LD
MICIEOAEEZMEIEDO O (856 ~8%), SPAD
EDOMIZIZIED, TPPFEOBICIZED A & = MBI AR
Do (56 ~8FK).

3) EHRENHIER

ARPFONE RN EME (Pn) 2 HEHKE L,
A BHBOFALEE Y BB REE 58 9 %
WCREL7-. SR BRI RO L, EOEEY
TEMEDZERS & CERMEEEEREEOZEHIKRIL,
NS DHEMBS B VIFHASTIZL WV EREITEIT -
7z, 72720, BiER (LARS, 1997) R L7z & 942, Ik
BB EOEH O ) b, FEWIEH (Rm (CO:)) 1EPn
AT A MALERE L COBKICERM D H o270, 2
NEETHELETLVHAICT T CEE L. &8,
EHOTUERXEFfEIZL & L7,

Rm (CO.)) # &2 TOMBIEMEEOEH L D
ERME % SRR E LA 0F S RIEDTE L,
EHMEREICL VR AT h/-ES (VEIN, Rd, Ta,
LW, AREA, Re(CO:), Rs(CO:), Rm (CO:), RI,
Reer, Lieer) (2& D Pn OEEOHRUHHHATE /2 (5
9%K). LaL, MyRAETNAZEHEOHIZRm (CO:) %
EUE L DT AIHIBTIEEO LB E T TV 72 8
¥ Tho7. Rm (CO:) & T 2\WiEE OILBEEN
MEOEH L EOABWTEALHHAEK L LB A0F
ER3#T1% TH Y, Tr, SPAD, LW, L, Re (CO:),
Reee VWD AT N (595K). HHAZH Y EOEHEY
FEICRE L7BEDESRIZH6T% TH ), SPAD,
G, Teer, Reer D ATNS (59 F£). EAMRBEE
BLEDZEHICRE LB A 0FESERIEbFAIH3IB% T
HY, Wle, %lp, NCs BXUTIH WY AT (89
). Rm% B  IRBERPUBEZE S, oA EL &
DI AR E R DB E WA DFE SR T8
%Td Y, SPAD, b*, L, Reer, Leer, Wp, NCs, TIp,
Re (CO.) BLURs (CO.) WY AF N/ (FIXK).
ERRO &) BRI EO B SHHE ) L&
ERPEFLHHIIINSOEBREAIKREVZDTH
BH (ELHR), TOFERELTL) IR LAMESRSED
TEOPELBETE 2V, EOAMEYE & 1AM
REEMLEDZEHUCIRE L 2B A OFSRIIHT2% TH Y,
SPAD, L, Resr, Leee, NCs, TV X UTIp HSHL Y A
T/ (B 9K). LiLoERFRICIZPPFIILEE 24
B ED o288, $4bE, T, REBAL a*b* &
B & OERESBEREEROL (BB TOhzE

212



V) Y IREOFHEREA S L ORI L AR — WA - EAK 23

Table 9. The results of multiple regression analysis of Pn using several combinations of categories of
predictor variables on the condition that standard F value to adopt or reject variables equals
1. The abbreviations and the categories refer to Table 2.

Categories of predictor variables Coettisiert of

Residue F values Signi-

Formula

regression(%) ficance
Diffusive resistances + leaf physi- 91.963 1.174 38.486 P<0.001 48 Pn=0.066VEIN+ 0.234Rd—0.443Ta
ological characteristics —0.018LW—0.065AREA—
2.204Re (CO.) + 1.028Rs (CO:)
—1.22Rm (CO.) - 0.317R1+
1.088R;ps— 02150 +47.384
Diffusive resistances except Rm (CO:;)+  70.657 2.106 16.856 P<0.001 48 Pn=—0.406Tr+ 0.475SPAD—0.013LW+
leaf physiological characteristics 0.088L— 2.065Re (CO,) +
0.336Rzer+5.133
Leaf physiological characteristics 66.504 2.198 21.840 P<0.001 48 Pn=0.360SPAD—0.095G —3.969T5;- +
0.531R-»¢16.861
Leaf internal structures 35.342 3.054 6.013 P<0.001 48 Pn=—1.031Wle—0.254% Ip+
0.0002NCs+ 0.963TI+ 29.43
Diffusive resistances except Rm (CO,)+  78.087 1.913 18.541 P<0.001 48 Pn=0.300SPAD—0.287b* +0.101L+
leaf physiological characteristics + 0.823Rsps— 0.132L;0¢ + 0.156Wp+
leaf internal structures 0.0002NCs— 2.983TIp—
3.226Re (CO.) +1.285Rs (CO,) +
8.975
Leaf physiological characteristics + 72.038 2.080 15.090 P<0.001 48 Pn=0.531SPAD+0.124L+ 1.082Rz: —

leaf internal structures

0.142Lp-+0.0002NCs+ 1.138TV —
1.033TIp—13.203
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Fig. 5. In green plants, major factors and several components form the values of leaf apparent photosynthetic rate
at light saturation(Pns). The several items of apple leaves in Experiment 2 which were grouped into these
components concern the Pns to various degrees which were shown by the arrow sizes in the figure.
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Fig. 6. Dispersions of the coefficients of determination shown as squares of coefficient of correlation (r?) to the Pn

of the several items of measurement in Experiment 2 against their coefficients of variation (CVs).
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