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Introduction 

T he relationship of chemical co mposition of leaf blades, leaf 
petioles, and beet pulp to root yield an d quality in the hybrid sugarbeet 
has not bee n well defined. 

In vestigators have shown that certain inorganic constituents in 
sugarbeet roots reduce the recovery of crystallized sugar (1,8 , L3, 15, 
16,20).3 O ther sc ientists have suggested breeding methods for selec­
tion of lines low in inorganic factors such as Na, K, N, and Ca (3, 4, 5, 7, 
L8 19). T hese studies generally resu lted .in a co rrespondin g decrease 
in root yield and sugar percentage, which made them undesirable. 

We believed that more information could be obtained by a regres­
sion study of root yield and sugar perce ntage with the quantity of 
undesirable inorganic constituents of these varie ties. Without much 
extra cost, chemical analysis of lea f blades, plant petiole samples, or 
both cou ld be made, as well as the chemical measurement on the pulp 
of the same plants. 

A regression model-building program was developed to show the 
relative importance ofchemical constituents to yield and quality factors 
of sugarbeet roots. Such a program shou ld have general app lication in 
developing critical levels or threshold va lues for maximum yie ld and 
quality of sugarbeets (II, 12) . 

Materials and Methods 

For a detailed chemical study, 18 hybrids were selected from 
variety tests conducted in 1966. Several of these hybrids had common 
male and fema le parents. Three varieties were used as checks, two of 
which were com mercia l sugarbeet company varieties and the third a n 
experimenta l hybrid developed at Logan, Utah. Detai ls of the cultural 
practices on this test are described elsewhere (l 0). 

'Cooperative investigations of the Agricultural Research Service , U. S. Department of Agri­
culture; the Beet Sugar Deve lop ment Foundation; and the Utah State Agricultural Experiment 
Station ..\pprovecl as Journ al paper No. 1895. Utah Ag ricultural Exper-iment Station, Logan, Utah, 
84322. 

'Research Agronomist and Resea rch Ge neticist, Agricultural Resea rch Serv ice, U. S. Depart­
ment o f Agricultu re, Crops Resea rch Laboratory, Utah State Univers it y; and fo rmer Research Soil 
Scient ist. Soil alld v\';!ler Conservation Service, rC'~ p('ctivcJy. 

3N uIllbers in pare ntheses refer to literatun.: cited. 
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To have the plants under highest possible stress for nutrient 
absorption, leaf and petiole samples were obtained in August (the 
period of most rapid growth). Eighteen recently matured blades and 
petioles were selected from every other plant in the plot. They were 
washed in deionized water, dried in a forced-draft oven at 70°C, and 
ground in a stain less steel mill to pass a 40-mesh screen. 

One gram of finely ground leaf petioles was extracted with 100 ml 
of 2% acetic acid solution. P was determined by Barton's method (2). 
Na and K were determined on diluted aliquots by flame photometry. 
Soluble N was obtained by the micro-Kjeldahl method , with 20 ml of 
solution . Nitrate N was obtained from the extract by the spot-plate 
diph c nyla mine-color method. 

Leaf blades were wet-digested with HN03, followed by HC I 04 

ac id , after the method of Gerritz (9). Ca, Mg, Cu, Zn, Mn, and Fe were 
determined by means of the Perkin-Elmer4 atomic absorption spec­
trophotometer. Total N was obtained on 0.2 g of finely ground 
(40-mesh) oven-dried plant material by the micro-Kjeldahl digestion 
distillation and titration method. S was determined from an aliquot of 
the acid digest according to jackson's turbidimetric method (14). CI 
was determined from a water extract of the oven-dried, ground plant 
material by potentiometric measurementofCl ions, with the Beckman 
39048 silver electrode and the Beckman ex panded-scale pH meter. B 
was determined from 0.1 g of ground leaf tissue by the curcumin 
colorimetric method outlined by Jackson (14). 

For the chem ica l determinations on dried pulp, the beet pulp was 
dried at 70°C in a forced-draft oven and ground in a stainless-steel mill 
to pass a 40-mesh screen. Total N, P, K, Na, Mn, Cu, Mg, Zn, S, Fe, Ca, 
and B were determined. 

Na and K composition of rasped beet pulp was obtained by flame 
photometry on an aliquot of the leaded clear extract. Amino-N content 
of rasped beet pulp was determined by a modification of the Stanek­
Pavl as copper reagent method. 

The variables used as Xi independent are coded in the following 
order throughout the study: (a) from dry pulp Xi: i = I to 12; total N, 
P, K, Na, Mn, Cu , Mg, Zn, S, Fe, Ca, and B; (b) from leaf blades Xi: 
i = 13 to 25, total N, P, K, Na, Mn, Cu, Mg, Zn, S, Fe, Ca, B, and Cl; (c) 
from petiole Xi: i = 26 to 29, soluble N, P, K, and Na; and (d) from wet 
pulp Xi: i = 30 to 32 , amino-1\ , K, and 0Ja. For the dependent Yk vari­
ables, Yk: k = I to 5, where YI = percentage of dry matter in dry pulp, 
Y2 = gross sugar, Y3 = tons per acre, Y4 = sugar percentage, and Ys = 
impurity index , calcu lated from wet pulp measurements. 

The quantity-quality factors, as described by H acldock and Stuart 
( II) for dry pulp, leaf blades, and petioles, were calcu lated as QF = N + 

"Mention of a trademark or proprietary product does not constitute a gu arantee 0)' warrant): of 
the product by the u. S. Department of Agriculture, and does not imply its appro va l to th e exclUSion 
()f other products that may also ·be su itable. 
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P + Kin mellOO g, QN = percentage of total N in QF, QP = percentage 
of Pin QF, a nd QK = percen tage o f Kin QF. 

The simple correlation matrix obta ined for the multiple re­
gression models was studied for a better understanding of the relation­
ships betwee n variables. Three-dimensional graphs were constructed 
so we could observe the relationship between pairs of variables and the 
Y k dependent variables. The regression method was a computer pro­
gram used by the senior author and developed by Dr. Rex Hurst, Ap­
plied Statistics and Computer Science Department Head, Utah State 
University, Logan (17). 

Linea r models of 29 independent variables were calculated with 
Xl to XIZ on dry pulp, X l 3 to XZ5 on blades, and X26 to XZ 9 on petioles 
with four o f the dependent Yk variables, Y2, Ya, Y4, and Y5. These 
models were rcpeated with the quantity-quality factors on the dry pulp, 
blade, and petiole measurements. 

Models for each plant material-dry pulp and leaf blade-were 
calculated by the independent variables Xl to Xl2 (dry pulp) and Xl3 
to X24 (lea f blade), with each of the five dependent yield measures as 
follows: Y I = percentage of dry matter, Y Z = gross sugar, Y3 = tons per 
ac re , Y4 = sugar percentage, and Y5 = impurity index . These models 
were also corrected as to the effect of variety levels and replica tion 
levels by the use of dummy variables (a cova riance matrix adjustment 
applied to the model). Because N, P, K, and Na are the most generally 
measured eleme nts at harvest on agronom ic tests, se parate models with 
on ly these eleme nts included on each plant material were also studied. 

Polynomia ls in the square and cubic form were developed for 
co mparison with the linea r models. 

The stepwise method used is very similarto one described by Dra per 
and Smith as the "Backward Elimination Procedure" (6) . Afterthe model 
with all variables has been calculated, the variable with the lowest F test is 
cI ropped , and another model is calculated. This process is re peated until 
all variables have been dropped . This method gives th e ex perimenter a 
chance to see at what point the lowest error mean square is obtained for 
the most efficient model. 

Results 

The means for the 18 hybrids and their significance relative to the 
means of two commercial check varieties have been published by Had­
dock, et al. (10) . The overall means for all independent Xi va riables 
and the five depende nt Yk variables are given in Table 1. The coeffi­
cients of variablility are given because they bear on the R2 values ob­
tained in a regression analysis . The C. V.'s ranged from 4% for sugar 
percentage in wet pulp to 41 % for Na in dry pulp (Table 1). These C. V.'s 
are no t high for biological material such as in this test. It would have 
been be tter if the range had been increased by use o f fertility levels. 
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Table l.-Means* of independent (Xi) and dependent (Yk ) variables, with coefficient of variation. 

< 
r 

,YO 
Wet Dry Z
pulp C. V. pulp c. v. Blades C. V. Petioles C. V. 

Variable (ppm) (%) (ppm) (%) (ppm) (%) (ppm) (%) 
.(,)0 

XiTotalN 200t 22.79 6.267 16.95 42 ,000 9.00 7,444 26.05 >­
Xi P 751 27.82 2,408 11.79 1,484 17.92 ." 

Xi K 1,493 12.52 5,613 23.54 39,416 18.23 43,220 13.54 r'" 
Xi Na 127 27.22 492 41.11 9,528 13.70 6,534 22.96 

<D 
Xi Mn 29 24.46 148 20.11 --J 

Xi Cu 4 30.52 12 21.43 
(J~ 

Xi Mg 1,411 9.29 8,682 8.87 
Xi Zn 8 3.').97 25 21.19 

XiS 311 15.15 4,98 1 15.19 
Xi Fe 51 40.52 154 33.35 
Xi Ca 2,034 19.39 14,451 19.39 
Xi B 113 11.97 63 10.91 
Xi CI 1,819 16.70 

Quamity QF (me/! 00 g N+ P+ K) 66.37 14.56 424 6 .87 178 12.80 
Quality QN % of quantit) 67.24 7.18 70.62 5.57 29.68 18.92 
Quality QP % of quantity 11.10 19.90 5.51 10.84 8.13 17.97 
Quality QK % of quanti!\' 21.66 17.35 23.85 16.75 62.19 8.49 

y, Total dry matter (70) 21 
y 2 Gross sugar (lb/a) 6,931 13.62 
Y3 Tons/acre 23.26 13.07 

14.90 4.09 
418 15.57 

*Means are based on 168 observations. 
t Am ino-N only. 

~ 

--J 
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SU7ljJle Co rrelations 

\lfeasu rements 0 11 dry pu Ip of N, P, K, N a , Mg, and S a re al I esse nti­
ally neg<lti vel y corre lated with pe rce ntage oedry matte r (YI) and per­
ce n lage 0 f sugar (Y4). T hese same e li" men t ': were all positive ly corre lated 
Ivith impurity ind ex (Yo). Of the 60 possihle correla tions , 33 were signi­
ncarH at leasL at t he 5% level (T ab le 2). O n leaf-blade meas ureme nts, 
gross sugar (Y2) was positively corre lated with P, K, C u , Zn , B, and C l. 
Tons per acre (Y:l) was similar to gross sugar, with P, C u , S, and B being 

Table 2.-Simple corre lations with dependent Yk' s and all independent Xi va lues. 

Dependent Variable 

YI Y2 Y" y, y, 
Dry Gross 

Independent matter sugar tons/ac re Sugar Impurity 
variable (% ) (%) index 

01'1' Pulp 
1= '.; - O.30~ '* - 0. 11 8 1I.()~4 - 0 .~ 28*' O.G7G"* 

2 = I' - 0.1 8\1* O.29H** 0.:150** 11085 o 158' 

:\ = K - 0.'178" 0. 10 1 0.269** - 0..152*' 0.680*' 

4 = '.;a - 0.5\19*' - 0. 169' 0.054 - 0.66:1*' 0.622** 
;j = \111 0. 187' - 0.055** - (U)J !J** - O . ~37* * - 0.,1:19** 

11 = e u - 0.094 -0.0:14 11 .011 - 0. 140 1).1 50 

7 = \·lg - O.~2 1 ** - 0. 192* - 0.082 0. 3:18** 0.20 '1** 

11 = Zn 0003 0. 14 1 -0 112 O.IHl6 - 0.02 1 

9 = S - (U7 '1** - 1).084 0.068 - 0.444 ' O.6:i9*' 

10 = Fe 0 .090 n.o:; I -0.001 0.150 11. 124 

11 = Ca - 0.058 - 0.3:12*' - 0.284 ** -0.206** - 0 .056 

12 = B - 005H - IUO I*' - (l.J n * - O. 17S' - 0.092 

i.e,d · Blades 
13 = " - !l.II:l7 0 .1186 o In7 - 0.067 1J.~ cll ** 

14 = P - (I I~I O.:>,i5*8 1I, :)8~ ** II.OHlJ O. IS8' 
1:; = K 11.067 n. 1 :; ~ * 11.083 022 4* - O.262*' 

16 = ~a 11.146 - 0.:163*' -(1.:\92** O,l)40 - 0. I 7:l* 

17= \In 0.093 - n.0 66 - 0. 111 0.142 - 0,222** 

18 = e u - 0.139 0 .208** O.24 H** 0 .060 0 12 1 

19 = y f lr " 0.082 - 1) .055 - 0059 0.010 0.064 
. 

20 = Zn 
2 1= S 

- O. I .oS· 
n023 

0. 215** 
- (1.23 1** 

-1).256*' 
0248** 

- 1).111 
11.060 . I).U6 

0.129 

2~ = Fe 0.123 !l.1 '14 - !l.I Sl)* I). lOti - !l.lOS 

2:3 = C" o 193* - 0,266** - O.~~4 ** O.\,iO 0.112 

24 = B - 0.250** 0.27'1** (J.:l27** - 0. 135 0. 22 7** 

25 = Cl - 0. 17 1* 11.20 1** - 0 .2 5** 0.20 1** - 1l . 163 

Dry Pulp 
Q uami! ), 0,443* - 0006 0. 17:; ' - 0.:)15** 0.80.?** 
Qu,dit ) ('.;) 0.127 (1.252** 0.2 36** - llI)21 - 0.024 

Quality (P) 0 . 126 11.:\01''';' ()'~2(j** 0.276** - 0. 365** 

Qualit y( K) -0.265** 0.1 4 '1 0.212 "* -11.1 63* 0. 22 1' * 

I c:d' [>l ades 

Q uantiL Y -0.007 0 .2 59** 0.226** o 11 7 0.044 

Qu,Jiit y ('I) 0.0 14 - 0.0\19 - 0.045 - 0.1 82* 0.28 1"* 

Qualit y (1') - 0.124 0.464*' 0.5 10 '" - (J.048 0. 172* 

Quality (K) 0.066 0.074 O.OOS 0.220" - 0. 3 12** 

*,,~ rvlea ns ~lre sign ifi Glll1 a t th e 0.05 aud 00 1 le"e ls. rcspccti\Oe ly. 
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positively correlated and N a a n d Ca be ing negat ive ly correla ted. 'vVith 
impurit.y ind ex (Yo), N , P, and B showed positive corre la tions, ,md K, 
Na , and Mn showe d n egative ones. T h e re seemed to be no con sistent 
pos it ive o r negative re lation sh ip with Y I, Y2, Y3, and Y5 , b u t there was an 
e sse ntia lly positive one with Y4. O f the 65 possible correla tion s for lea f 
b lades, 30 were sig nificant, at leas t at the 5 % level (Table 2). 

T h e quan tity fa cto r in dry pu lp was sig nifi cantly corre lated with 
a ll Yk factors exce pt Yz. These corre latio n s we re negative with YI and 
Y4 but positive with Y3 and Ye; . T h ese re lation ships did not holcl fo r 
th e blade measurements as th e on ly s igll if-ica nt co rrela tions were posi­
tive ",,T ith Y2 and Y J (Table 2) . 

The Q ua li ty ( N) a nd Q u a li ty (P) were both positive ly co rre latecl 
with Y2 and Y3 fo r d ry pulp but on ly Yz a nd Q u alit y (P) wp re cor­
related in th e b lades. 

'vVithin th e depe ndent Yk meas urements , Y I was correbt ecl not. at 
all with Yz , but n egatively with Va and Yo a nd hi g hly positive l)' with 
Y I (r = 0.85). Y2 was negative ly corre lated with Y~ and y., with an r 
va lu e o f - 0.65. 

The simple correla tions betwee n the 12 meas urements on dry 
pulp an clleafb lad es with the four m easu rem e nts on petioles are give n 
in Table 3. I n genera l P, Na, M n, and S shmved inverse corre latio ns fOl 
dry p ulp vs leaf b lade meas ureme n ts for p e tiole Na nd K. N, p, K, and 
N a in dry pulp and lea f blade a re sig nifi cantl y positively corre l,lted 
\.vith the same e lement in the p e tiol e. 

Three-DimensiOl/al Graphs 

T hree-dimensional graphs showing the e ffect of Nand K on g ross 
suga r, tons per acre, and impuri ty index a re g ive n in Fig. I. The graph 
surfaces are similar for measure ments of Nand K on dry pulp, leaf 
blades , and p e ti o les as p e r th e rows of Fig. I . The different d epe ndent 
Yk 's ca n be compared b y the column s o f Fig. I . T he surfaces of a ll the 
the graph s va ry in degree of slope, ye t tend to be in th e sa m e direct io n . 

Fig. I G sh ows a probable curvilin ea r re lationship bet\\'een the 
depenclf'l1t impurity index for units of N presen t; this curvilin ear re­
la tionship is affected by t h e units of K. A regress ion rnode l should in­
clude both linear terms, uni ts of N a nd uni ts of K, ,mel the in teractions 
(units of N t imes units of K and units of N 2 times units of K). T his re­
lation sh ip see ms reasonabl e fo]' a ll the surfaces, except for those ill 
Fig. 1 B, I E and 1 H on blad e s. The surfaces obtained \Vi th th e q u,lntit y­
q uality fac to rs, th o ugh not sho wn, we re simila r. 

There are as many three-dimen si onal graphs as correl a tion v,tiues 
in the 37 x 37 corre lation matrix. A samp lin g of about 200 of these 
graphs gave res ults similar to those of Fig. I . A ll g raph s with Y I and 
Y4 were very flat , because of low coefficie nts o f var iahility. 

Lineal Regression Models 

The first linear mode ls were l11a(l e up of the 12 measurernents Oil 

ory pul p, 13 on blades, and four on petioles. The stepwise regressi on 
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Table 3.--Correlations between 12 chemical measurements on dry pulp and leaf blades with four measurements on petioles. 

Petiole 

Variable 
Dry 
pulp 

N 

Leaf 
blade 

Dry 
pulp 

P 
Leaf 

blade 
Dry 
pulp 

K 

Leaf 
blade 

Dry 
pulp 

Na 
Leaf 

blade 

0.53 I** 0.482** - 0.079 - 0.0 16 - 0.339** - 0.2 10** 0.2 12*' 0.098"P - 0. 14 8* 0.092 0.440*' 0.552'* - 0.344** 0.224** - 0.407** - 0.416*' 
K 0.105 - 0.330** 0.275** 0.136 0.231 ** 0.660** 0. 149 - 0.430*' 
Na 0.194* 0.004 - 0.063 0.422*' - 0.392*' 0.448*' 0.223* 0.668*' 
\ 'In 0.423*' - 0.379** 0.113 - 0. 105 0.213*' 0.188' - 0.230*' - 0.00 1 
Cu 0.018 0.065 0 033 0.211 ** - 0.035 0.122 0.037 - 0.166* 

Mg 0. 157* 0.175* 0.055 0.297*' - 0.285*' - 0.271** 0.118 0.270** 

Zn - 0.023 0.09 1 0.0 19 0.0 15 0.075 - 0.067 - 0. 175* - 0.082 '-­

0 
S 0.161* - 0.346** 0.112 0.224** 0.06 1 0.513" 0.075 - 0.410** r 
F, 0.116 - 0.030 - 0.048 - 0.068 - 0.139 - 0.070 0.082 0.1 58* '" /, 

:>-
Co 0.145* - 0.069 - 0.099 0.01 1 0. 11 5 0.150' 0.173' 0 .1 35 
13 0.072 0. 140 - 0. 160 0.245** - 0.125 0.234** 0.038 - 0.29 1** c 

.." ...,* = Sign ificant at the 5% level. ::r: 
t'I"'l** = Signi ficant at th e I% le ve l. 
>­
(/) 

(/) 

OJ 

:-1 
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Table 4.-Stepwise regression of 12 elements on dry pulp, 13 on blades, and 4 on petioles on four Yk measurements. 
en 

Y2 = Gross Sugar Y3 = Tons/acre Y4 = Sugar Percentage y ,= Impurity Index 
Z 
C 

Variables 
in model 

(no.) R2 

Stepwise 
variable 
order R2 

Stepwise 
variable 

order R" 

Stepwise 
variable 
order R2 

Stepwise 
variable 
order 

,vo 

>­
" ;;: 

I 

2 
3 
4 
5 

0.3075 
0.40 II 
0.438() 
0.484 1 
0.4967 

P(B) 
Na( P) 
Zn(B) 

Ca 
Ca(B) 

0.3382 
0.4 166 
0.4 752 
0.5050 
0.5289 

P(B) 

'\a( P) 
L n( B) 

Ca( B) 
Ca 

0.439 1 
0.4949 
0.5336 
0.5553 
0.5760 

Na 

K 

B 

Pi P) 
CI(B ) 

0.4()30 
0.7073 
0.7517 
07593 
0.7680 

K 
N 

Na 
P 
Na(P) 

<D 
-1
'-, 

() 

7 

8 
9 

10 

0 .5 144 
05342 
0.5455t 
0.554 I 
0.563 1 

B 

K 
B(B) 
'\I a 

K(B) 

0 .5425 
0.55S() 
0.5672t 
0.5747 
0.58 I 0 

li(B) 

13 
'\I( P) 
K(P) 

CI(B) 

05i)~ I 
0.c,929·7 

0.G008 
0.605(; 
0.6 103 

N( P) 

N( B) 

Ca 
Cu 
S( B) 

0.7738 
0.78 18 
0.7878 
0.7924 
0.7929 

Mg 
N(P) 

Cu 
S 
S(B, 

I I 
12 
U 
14 
15 

0.'')720 
11.5774 
Oj~30 

0. ,',872 
11.5\1011 

Zn 

\1" 
~ 

1'( 1') 

CJ (B) 
Fe( B) 

0.587 1 
0.5929 
0.5972' 
0.5987 
O.()OO I 

'vlg 
Zn 
Fe(B) 

K(B) 
S( I3) 

0.() 1:18 
O.li IS:l 
0.6214 
0.6243 ' 
0 .()2()3 

Mg 
Fe 
Zn 
!'Ia( P) 

P 

0.8025 
0.807St 
0.8093* 
0.8108 
0.8 11 () 

Mn 
Fe 
Ca 
Zn(B) 

M g( B) 

16 
17 

0.593 1" 
0.5947 

\11«1\) 

Fe 

0.6014 
U.6028 

P(P) 

'\a 
0.6279 
0 .6289 

K(B) 

1\ 

0.8 12:, 
0.8 132 

K(B) 

in 

18 
19 
2() 

0.5!JtiO 
().S~l 7.=) 

O,;~)82 

\ In 

h iI') 
'\( P) 

0.6014 
0.6057 
0.ti068 

P 
C u(B) 

\In 

0.62% 
0.6302 
0.6307 

Zn( S) 
P(S) 

\ In 

0.8 !:Ii 
0.8136 
0.8 139 

\ In(B) 
'1(B) 

13 

(continued next page) 
tV 
tV 
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Tabl e 4 .-Continued. 

Y2 = Gross Sugar Y3 = Tons/acre Y4 = Sugar Percentage Y5 = I mpurity Index 
Variables Stepwise Stepwise Stepwise Stepwise 
in model variable variable variable variable 

(no.) R' order R 2 order R2 order R' order 

~I 0. ;;994 
22 0.6002 
23 1l.6008 
24 060 14 
2:; 060 18 

26 0.6020 
2i 0.6022 
2R 06023 
29 0.6023 

* Most ei'ficie lll Illodel 
-; All terms sign ifi c<-l lll 
( 13) = Blade 
\ 1') = Petiole 

"I 

'vln (B) 


5(B) 

P 


"<a( B) 


Cur B) 
ell 
"I(B) 

S 

0.61176 
0.6084 
0.6090 
0.6094 
0.6099 

06 103 
0.6104 
0.6 105 
0.6 105 

Fe 
N 
~ l n ( B) 

~ l g(B) 

N (B) 

:-.1;0(1.\) 

Cll 
e u 

S 

0.6:3 12 
0.63 16 
063 19 
06322 
0.6322 

0.6323 
0.6323 
0.6~2 3 

0.6323 

B(B) 
,Vlg(B) 

:\a(B) 

fe(B) 
K(I') 

S 
Ca(B) 
\1n (l.\) 

CurB) 

1l.8 140 
0.8 14 1 
0.8 142 
0.8142 
0 .8 143 

0.8 143 
0.8 14'1 
0.8 143 
0.8 143 

K(P) 
Cu(l.\) 

PCP) 
CI(B) 

Fe(B) 


PCB) 
Na( B) 
B(Il) 
(,.li. 1\ I 

L.., 

r 

'/'" 
c 
'" 

;.v 
'J) 

JJ 

o:J 

>-:i 
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C. Petiol8~ 
8. Bla desA. Pulp 

F. Petiolei
E. Blad esD. Pulp 

- -
- -
E 

~ 

I. Petioles
G. Pulp H. Blades 

Figure I.-Typical three-dimensional graphs for Y2 (Gross sugar), 
Y3 (tons per acre) and Yo (Impurity index) with pulp, blade, and petiole 
measurements. 

order ofche elements and R2 values fo r each Yk model is given in Table 
4. This table is based on the compute r output o f the stepwise regression 
run for eac h Yk. Data in the table is given in a reverse order of com­
puter ana lysis because the output started with the complete model. The 
first te rm dropped for Yz, gross sugar, was S, the next N (blad e), and 
so forth , un til the model with only o ne term, P (blade) was left . 

For gross sugar, th e most effic ie nt model (model with the lowest 
error mean square) had 16 variables, with an R2 o rO .59 (Table 4). Tllt'se 
were K, Na , Mg, Zn, Ca , and B o n dry pulp; P, K, Mg, Zn, Fe, Ca, B, 
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and Cl Oil blades; and Nand P on petioles. Except for N, Na, and 
Fe, this model included measurements among pulp, blades, and 
petioles for the same variable. A model with all terms significant, at 
lea st at the 5% leve l, also can be obtained. This model has eight 
variables and accounts for 55% of the total variability, which is only 
5% less than the composite model of 29 variables. 

The most efficient mod el for Y3 had 13 variables: 4 from dry pulp, 
() from leaf- blad e, and 3 frOln petiole measurements. The most effi­
cient moclel with Y4 has 14 variables, with two e le ments duplicated: 
:\Ia in dry pulp and petioles and N in blades and petioles. All other ele­
ments were included, except Mn . A model including J3 variables with 
Yo provecl to be the most effic ient model. This model included all the 
e lements measured, except Zn and B. 

Stepwise reg ress ion models on dry pulp means ureme nts only, 
with th e J 2 variables measured, are given in Table 5. These models , 
with all J 2 variables, accounted for 23 % to 79 % of the var iability, de­
pending o n the Yk being evaluated. Y1 a nd Y4 had similar results, with 
K, Na, Ca, and B included in both models. The most efficient models 
differed in the numberofterms included. YI included five terms, N, K, 
S, Ca, and B, with a n R2 of 0.47; whereas Y4 included eight terms, P, 
K, Na , Cu, Mg , Zn, Ca, and B, with an R2 of 0.57. The most efficient 
(low est e rror mean square) models with gross sugar (Y2) and tons/acre 
(Y 4) included e ig ht terms for each Yk, with the R2 values being respec­
tively 0.26 and 0.23. The impurity index model seems the most logical, 
efficien t mod el in line wi th so me of our previous studies . It incl ud ed 10 
terms and accounted fo r 79% of the variability (Table 5). 

These sa me models with the leaf-blade measurements reversed the 
size of tlt e R2 va lues . Y), Y 4, a nd Y5 were lower, with the R2 va lues from 
0.12 to 0.24, whereas Y2 and Y3 had higher R2 values , accounting fo r 
43 % to 5 1 % of the variation. The most efficient mod el for Y z a nd 
Y3 eac h had tbe same seve n terms but not in the sa me order 
(Table 5). 

Tlt e next models were calculated with the four common measu re­
ments N, P, K, and Na only. These calculations were repeated- with the 
quantity-quality ratio in place of N, P, K, and Na. Because QF = N + P 
+ K, a nd QN, QP, and QK are percentages of QF, there would be a 
pe rfect correlation with QF, so one of the qualities (QP) should be le ft 
out for a solutio n. A subset of 20 variety levels (one variety had to be 
dropped because o f program limita tions) and a subset o f eight repli­
cation levels were also used in the above mod els. The R2 va lues are a lso 
given without the variety and replication correct ion for comparison 
Crable 6) . These models for gross sugar and tons/acre are very signi­
ficant and a lso show that the variability from replications and varieties 
is highl y sign ifi cant. In these models , few single terms were significant, 
but the variability accounted for ranged from 47 % to 53%. 

The models for sugar perce ntage and impurity indices were also 
very Itighl y significant. All terms within the model were significant, 



Table 5.-Stepwise regression models with dependent Yk and independent Xi ' 1 to 12 and 13 to 24. < 
Total Sugar Impurity 

Variable s d ry matter Gross sugar Tons/acre Percentage Index .aJ 

in model 
(no.) R2 YI R2 Y2 R2 Y3 R2 Y. R2 Y, 

Z 

Dr)' Pulp ""easure ments 00 

I 03587 Na 0. 11 06 Ca 0.1222 P 0 .439 1 Na 0.4630 K » 
2 0.44 10 K 0. 1532 P 0. 1570t Ca 0.4949 K 0.7073 N " " 
3 0.1 593-:­ B 0.1935 Mg 0. 1744 K 0 .5337 B 0.7S 17 Na 

:) 

04623 
0.-1662' 

S 
Ca 

0 2 137t 
0.2246 

Zn 
B 

0.1900 
() 1997 

Mg 
B 

n."'IRS-:­
(1.:> 548 

Ca 
I' 

O.7G·k; 
0 . 71i~9 

\ 111 

Fl' 
'-D 
-) 
U1 

f) 0.467 1 \1" 0.2389 Fe 020!l0 Fe 05;;99 \115 O.77S7 \Ig 
7 04()~12 N 02518 ~a 02205 Z" 0.50:\ I Zn 0.7703 ell 
8 O Wl8 Fe 0 .2587* Mil 0.2299* Mn O .. 'i()t;~ ' Cu 0.78:\ 1'· P 
y 001703 Cu 0.2590 S 0.2310 S O. :;()fiR S O.7S50 S 

10 0.1709 Zn 0.2596 K 0.23 12 Na 0.5Ii~ I N 0.7869* Ca 
II 0.4709 Mg 0.2600 C u 0.2312 Cu O.5G~U Fe 11.7 873 B 
12 0.1709 P 0.2600 N 0.23 12 N 0 .5696 \ 'In 0 .7873 In 

Leaf Blade Measureme nts 

On625 B 0.3076 P 0 .3382 P 0.05~3 K O.()(iR5 K 

2 0.0979 Ca 0.3579 Zn 0.4 III Z" 0 .07:,2 B 0 . 12'12 1\ 

3 0. 1080 Cll 0.378 1 Ca 0.4662 Ca 0.OX93 In 0. 1521 \1 11 

0.11 62 K 0.4027 Na 0.4783 Na 0.00H4 F~ 0 . 1804 I.n 
5 0.1 256 Z" 0.4 I 7 I t S 0.4968t B 0. 1072* .\ tll O.J960 ~a 

(; o I33:l" Na 0.4237 B 0.5049 Mg O. lll! eu 0.2153;­ \ fg 

o 13G I Fe 0.4289* \ 'Ig 0. 5 107* S 0. 11 69 I' 0 .224 9 CLl 

8 0. 1 :1~2 Mn 0.4 3 1 ) K 0.5 133 Fe 0.12 13 Ca 1.I.230S " 9 0.1390 S 0,4 3 16 Fe 0.5 163 Cll 0 .1226 ~a 0 .237W Fe 

JO 0.1 398 Mg . 0.4321 Mn 0.5J83 Mn 0. 12:>0 S 0 .2374 I' 

II o 13\19 N 0,4324 Cli 0.5188 K U . 1 2~ 2 \ 1 O.2:l75 S 

12 0. 1·100 P 0.4 326 N 0.5 195 N 0 . 1234 \ 1g 0.237 :) Ca 

* Most effi cie nt Model ~ 
~t Mode l wit h all terms signincanl :';1 
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Table 6.- Regre ssion models with dependent Yk and Yi = X, to X. and correction 
for variety and replication levels (dry"pulp measurements). 

Mean Calc . Mean Calc . 
Variable df sq uare F Variable df square F 

V, = G rr~ss su gar v' "ith qu ant ity-qua lit y fac~ 
V, = Gross sugar 

Tota [ [59 Tota[ [59 

[ = '" 28.95 x [0" :\5 [ = QF [ 1 82 x [0' 'l5 
2 = P [048 x [0-' "'5 2 = QN 1832 x 10" 'lS 
3 = K 90.47 X [ 0 " 'lS 3 = QK 55. 11 x 10' '-:5 
4 = Na 43.82 x [0" 4 .93* ~ = Var. 19 [6. [4 x [0' 1 79* 
5 = Var. [9 [6 .38 x 10" 1 84* :; = Rep . 7 68.34 x 10" 7.58** 

6 = Rep. 7 fi6. 8[ x la" 7.52** 'v[ude[ 29 365 1 x 10' 4.05*' 
'vf uci e [ :lO 36. 79 x 10' 4. [~ * Er ro )" [30 90 . [8 x 10" 
Erro r 129 88.77 x 10' R' = 0.4 746 
R' = 0.-1946 
R'+ = O. [3 1:l R::! t= O. J047 

V" Tuns/acre V" = T Oils/acre 

Tota[ 159 TOla[ [59 

[ = 'l 4. 98 'l5 [ = Q F :12.64 5.84* 
2 = P 1 96 N5 2 = Q'-: 2 [ [ 'lS 
3 = K .:; 1 82 ~.77* 3 = QK 1 65 N5 
··1 = Na [ :1.:\9 :\5 4 = Va r . 19 24. 14 2 .68** 
S = Va l'. 19 24 .57 2.73** S = Rep. 7 71 03 7.88** 
6 = Rep. 72.30 8. 05** \ '[oricl 29 ~4 8 1 4 .97"* 
V[od e l 30 43.80 -Ul8** Error 130 902 
Erro r 129 H.9S R' = 0.5257 
R' = 11 .53 I:; 
R:1 t = U. 1366 R'+ = 0.1 366 

Y.• = S ucrose y , = Sucro se 

Total 159 Total J59 

I = N [ .0 I74 /.l.~ t* I = QF 4.5259 16.73*" 
2 = p 1»943 8.25 ** 2 = QN 4 .-1493 16.45** 
~ = K 6.0 106 24.87 ** :l = QK n .2366 23.06** 
4 = Na 5.2998 2 I .9')'* 4 = Va r. 19 2. [832 8.07** 
5 = Var. J9 1.3285 5.50" 5 = Re p. 7 J .2740 4 .71 ** 
6 = Rep 7 0.6659 2 .75* .'v[oriel 29 3. 1600 I 1.68** 
.'v[od e l JO :l I .R880 I ~ 1.9:l** Error 130 0.2705 
Error 129 0.24 17 R' = o 722fi 
R' = D.754fi 

R' t = 05106 R'lt = fUI :1:l 

Yo Sllcrose \':; = Iudex 

l ow[ I .", l) Total I :)~I 

:\ 60.05 x 10' 32.44** I = QF 20. 15 x 10' 103.55** 
2 = I' }'1.4 0 ;{ 10' :-<S 2 = QN IG.85 x 103 8.65** 
3 = " 1:z.sO x IfI' 67.5:\** 3 = QJ< :1955 x 103 20.32** 
I ~ .'\ .1 I 1:;.76 x 10' 8.52*:;0 4 = Var. 19 4 1.43 x 10' 2. 11** 
:> ' -; 11 . 19 :nYI x 10' N5 5 = Re p . 56. I I x 10' 2.88*' 
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Tab le 6­

Variable 

Colllillued 

Mean 
df square 

Ca lc. 
F Variable df 

Mean 
square 

Calc. 
F 

6 = Rep. 7 37.3 1 x 102 NS "Iexie l 29 41 ..1 4 x 10' 2.1 '1** 
\lode! 30 36 .00 x I(}' 19 A5*' Error 1:30 19.4(i X 10' 
lrror 129 18.50 x 10' R' = 0.8076 
R' = 0.81 85 
R2 t = 0.7593 lF t . = 0 .71 :14 

" = Sign ifIca nt at the 5 'it ie \'cI. 
** = Sign ifi cant at th e l 'it level. 

t = \Nithoul replicatioll or \'ariel ), (OITCClion 

ex ce pt for Y5, \\·here the P term and varie ty and replication su bjects 
II'e re not sign ificant. T hi s non-s ignificance must be beca use Y5 was a 
function of N, K, Na, and sugar percentage ;1l1c! \\,<15 Itot afleeted bv 
va ri e ty and rep li cation va riation. 

Curvilzncar iVlodefs 

T he stud y of th e three-dim e nsion a l surfaces indicated there we re 
some int.eractions and at least. squared relationships in voh'ed (Fig . l). 
Because all surfaces were simila r , a second degree polynomial wiLh all 
Ii near interaction s was calcu lated. T his model included o n Iy N , P, 1\., and 
Na in the dry pulp, with N2, p2, 1\.2 , and Na2 and interactions I X P, 
N x K, N x Na , P x 1\. , P x Na, and I\. x Na , a total of 14 Lerms (T able 
7). This model had too ma ny terms, because the R2 value dropped only 
I% with seven, o r one ha lf, of the toLa l te rms. The most effic ient models 
accounted for 52 %,56% and 78% of the variability, with nine, seven, 
and seven te rms on Yt, Y4, a nd Yo, respectively. T he same models as 
above were calculated on lear-blade measurements, confirming th e 
res ults and acco unting for more va riability with Y2 anc! Y3 than in the 
linear models. 

For comparison , a mod el \Vas ca lculated by the stepwise method 
with the four Xi: i = XJ to X4 measurements, X2 i and X:! i, a total of J 2 
with Yk, k = 3 to 5 on ly (T able 8) . Fo r Yo , the lllost e fficient moc\ e ls had 
seve n variabl es, with R~ o f 0. 18. For Y4, th e most e ffici e nt model h,lcl 
eight variables, \I'ith R2 of 0. 57 . Fo r Y5 , the most efficient model Il ,lci 
eight va riab les, with R2 of 0.78 . 

Discussion 

The simpl e corre lations \I'e re e rra tic a nd not as stro ng as expected. 
Perhaps the tim e of sampling the plot was no t at the bes t for th e fertility 
leve l of the fi e ld used. Also, the e ffects ofthe variet ies cou ld have con­
found ed the res ults, as observed w he n correctio n was made for va rieties 
and replica tion levels in the regress ion mod els. Variaties and re pli­
cation s were sign ificant. in most mod els. T he three-dimensional graphs 
were not com p le te e nough , as evidenced by the n umber of missing cells 
in the graphs. The blad e a nd petiole measureme nts, although tending 
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Table 7.-Second-degree polynomial curvilinear models with N, P, K, and Na measured in dry pulp. 

Total dry matter Gross Sugar Tons/acre Sugar percentage Impurity Index 

Variables 
in model 

(No.) R2 

Stepwise 
Variable 

orde r R" 

Stepwise 
Variable 

order R2 

Stepwise 
Va riable 

orde r R' 

Stepwise 
Variable 

order R' 

Stepwise 
Variable 

orde r 

-­1----­0.3587 i'\a 0.0344 N x P 0. 1000 i': x P 0.439 1 :-.1 a 0.4630 K 
\' 

3 
4 

0.4409 

0.4489 
0.48 19 

K 

N x 
:-.1 ' 

K 

0. 1044 

0. 1\'93t 
0. 1422 

'i 

K x 

" x 

,\" 

K 

01289 

0 .1370 
0 .1396 

'I' 

", 
Na:! 

0.4953 

0.5003 
05262 

K' 

N 
N x K 

O.n33 

0.7336 
0.7689t 

~2 

P x Na 

'\ x P 

5 
6 

O.5037t 
0.0539 

'I x 
P 

'\a 0. 1600 
0. 1688 

P x 
N' 

K 0 . 1540 
0. 167 1 

~a 

K' 
05435 
0.5569t 

N 
N 

x 
x 

P 
:\a 

0.77 19 
0.7768 

P 
p' 

7 
8 

0.5 129 
0.5 194 

p' 

K x Na 
0. 1778' 
0. 18 16 

P x 
~a:l 

Na 0 .176 1t 
0 .1805 

P x K 
~ x ~a 

0 .563 1 ' 
0.5655 

P x 

'I' 
K 0.779 1 

0.78 16 
N x 
Na 

Na 

9 0 .5226' 
10 0 .5247 

I I 0.5260 
12 0.5264 

13 0.5267 
14 0.5267 

* Most effi cient mode l 

P x ~a 
N x P 

'\ ' ! " 
K' 

P x K 
'\ 

0. 184 1 
0. 1844 

0. 1847 
0. 1855 

0. 1857 
0. 1858 

~a 

P 

K 

p' 

'J x 
K' 

:\a 

0. 1823 
0.1845 

0. 1863 
0 .18 73* 

0 .1887 
0.1887 

P x Na 
K x Na 

K 

P 

P' 
N x K 

0.5675 
0.5690 

0.569:\ 
0.5695 

0.5696 
0 .5696 

K 
K x Na 

P 
P x :-.1a 

p' 
Na i 

0 .7840" 
0.7848 

0.7858 
0.7862 

0 .7864 
0 .7Sfic) 

Na' 
K' 

P x K 
Nx K 

K x Na 
r'\' 

l....... 
C-
;<; 

/
;,. 

~ 

'" ;1> 

t All te rms significant in model. V> 

C/l 

to 

.....:j 
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Table 8.-Third-degree polynomial curvilinear models, with N, P , K, and Na 
measured in dry pulp. 

Y, = Tons/acre y. = Sugar Pe rcentage Y5 = Impurity Index 

Variables Stepwise Stepwise Stepwise 
in model variable variable variable 

(no.) R' orde r R' order R2 order 

1 0. 12 P 0.4 4 Na 0.4 6 K 
2 0. 14 K' 0. 50 K' 0 .7 1 ~2 

J 0.14 :'>/" 0.5 0 NZ 0.75 Na 
4 .0. 14 N2 0 .50 1\13 0.77 P" 
5 0.15 N a:' 0.53 ~ 0.77 N 

6 0.1 7 Na' 0.54 :\1 <:)2 0.77 P' 
7 0.18 N* 0.57 Na3 0.78 P' 
8 0.1 8 p2 0.5 7 P* 0. 78 N3 

9 0.1 9 p3 0.57 P' 0.7R K" 
10 0. 19 K" 0.57 p.J 0.7 8 K' 

" 0. 19 K 0.58 K' 0.78 !'\a3 

12 0.19 Na 0. 58 K 07K ~ ,, ' 
• Mosl e ffi c ie nt mode l 

to co nfi r m the dry-pulp su rfaces, were no t ve ry p ro no unced , pa rtl y 
beca use o f the low fe rtility g radien t in th e tes t. 1 was low toward the e nd 
o f th e season. 

T he lin ear mo d els with meas ure me nts from all three p lant 
mate ria ls acco unted fo r th e mos t va riability a nd we re the most uni­
form a mo ng the Yk's. We th o ug ht tha t Mn , C u , Zn , Fe, a nd B should be 
kept togeth e r as a group if incl uded in a model , beca use we know tha t 
th ey a ll m ust be p rese nt at all tim es. T he lea f-blade meas u re me nts 
alon e ad ded sig ni fica ntly to mod els wi th Y2 and Y3, but no t to models 
wi th YI, Y4, a nd Y5 (T able 4). 

T he second-d egree polynom ials, with o nly the co mmon variables 
Xi = XI to X4, acco un ted fo r o nly 6% mo re va riabil ity over tha t o f the 
linea r lIludel wi th Xi = XI to X4 . T hese mod els h ad too man y te r ms, 
beca use the R2 va lue with 14 df fo r Y4 was 0.57 a nd dropped to only 
0.56 with 7 df for the most efficient mode l (T able 1) . The R2 va lue of 
the co rrespo ndi ng mode l with o nly Xi = X I to X4 in the lin ea r fo rm 
was 0 .5 1. . . 

Hec ker, et a l ( 12) reported that the cubic model was p robab ly the 
best fo rm for d e te rminin g a threshold va lue in th in juice pu r ity mea­
sure me nts. Ou r com pariso n gave evidence th at the cubic form included 
too ma n y te rms in th e model fo r e ffi cie ncy beca use the comple te 12­
Ie I'm mode l acco unted for 58% of th e va riabili ty , whe reas the most 
effic ien t mode l with 7 term s accoun ted fo r 57% of the variability 
(T ab le R) . 

Summary 

I.inear mode ls with mo re than one plant ma terial measu rem ent 
were more co nsiste nt ove r a ll the Yk d ep end e nt va riab l("s . Th ese 
mod e ls wne most effi cient with 12 to [6 va riables . 
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The inclusion of the micronutrients, with the four Xl = N, P, K, 
Na, did not account for enough added variability to justify their use. 

The second- and third-degree polynomials had excess terms when 
all variables of the polynomial were included. They were not substanti ­
ally better than comparable linear models. Some justification must be 
found for the terms that are included. T hree-dime nsional surfaces 
shoul d help in thi s division if the coefficients of variation are high 
enough. 

For calculating a general regression model, varie ty test data could 
be Llsed if it covered wide enollgh fert ility levels. 
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