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This study was conducted to apply the growth analysis method to the simple correlation
analysis between dry matter indigestibility |[DMI] and lignin content [LC] with growth of a forage.
The growth was set between cach sampling day [f,] and the day [t.], estimated from the
regression line, when the mean value was given for each of DMI and LC. Terms used in the
growth analysis method were forage relative growth rate [RGRw], the formation rate of
indigestible materials for measured data [FRI| and that for estimated data |fri] from the
regression line between DMI and LC, the formation rate of lignin (FRL]. and the formation of
indigestible materials per unit increase in lignin for measured data [FIL] and that for estimated
data [fil]. The following results were obtained: The correlation coefficient [r], regression
coefficient [b] and standard error of estimates [SEE] in the simple correlation analysis between
DMI and LC were described using RGRw, FRI, fri, FRL, FIL and fil. FIL, fil, and the ratio or the
difference between them seemed to influence, in some degree, the determination of r, b or SEE.
It was suggesled that the simple correlation analysis between [MMI and LC was described using
growth analysis method, implying influences of FIL and fil on the determination of r, b and SEE.

INTRODUCTION

There is a positive correlation between dry matter indigestibility [DMI1] and lignin
content [LC] in the growth of a forage, and this is 4 reverse expression of the negative
correlation of dry matter digestibility [DMD] with LC (Van Soest, 1982; Minson, 1990).

In the simple correlation analysis between two items, differences between each
observed value and the mean value of observed values in each item are used to evaluate
the correlation (Snedecor and Cochran, 1967a, b). It seems in the case of DMI and LC
that above differences are those occurring in the period between each sampling day and
the day when the mean value is given for each of DMI and LC. We showed that the
increase in DMI with growth of forages was described using forage relative growth rate
and formation rates of lignin and indigestible materials (Shimojo et af., 1985, 1997a, b,
1998a, b). These suggest, therefore, a possibility of an application of this growth analysis
method to the simple correlation analysis between DMI and LC in the growth of a forage,
provided that the day when the mean value is given for each of DMI, LC and their
components is estimated.
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128 M. Shimojo et al.

The present study was designed to suggest a procedure for the expression of the
simple correlation analysis between DMI and LC with growth of a forage, using the
method of growth analysis between each sampling day and the day when the mean value
is given for each of DMI and LC, and followed by an application to three tropical grasses.

ESTIMATING THE DAY WHEN MEAN VALUE IS GIVEN FOR EACH OF DMI
AND LC IN THE SIMPLE CORRELATION ANALYSIS BETWEEN THEM

The DMI and LC measured for samples collected at time i, (k=1, 2, ..., »n) In the
growth of a forage are expressed as Y, and X, respectively. The dry matter indigestibility
estimated from the regression line between Y, and X, is expressed as y. [dmi]. Then, the
mean dmi (=mean DMI} and the mean LC that is common to the measured values and the
cstimated values are expressed as .. (=Y,) and X, respectively.

Using X,, and y,. on the regression line, the following equality is suggested when

(X.. Y..) is found between (X, %) and (X.r1, Her 1),

AX:_H;._XI: _ ym_yk
Xer—Xe Yra—Us
In the present study, the time [¢,] when the mean value is given for each of 3., and X,
might be estimated as follows:

Xm_Xk

eY)

ym _yk

tm:fk+7-(tk+ *lt,z\;), or tmztk"'i'(tk+l“t:] . (2)
Apa—Xs l Yk +v1-Yr ;

Then, (X., Y., (X:, y.) and (X, ¥..) are described as follows, respectively:
L. I

X Y )=|—*% £

(X, Y,) (WA,W};), (3)
JF 7.

{Xkayk)_(w—i:w“k)z (4)

(X ) ( L n X ” ) (5)

o Yo _le JW;JJ

where W,—measured dry weight of forage at t,, Ly=measured amount of lignin at ¢,
L=measured dry weight of indigestible materials at t., i.=estimated dry weight of
indigesiibie materiais at i, using the regression line, W, =estimated forage dry weight at £.
[#(X Wi}, L.=estimated amount of lignin at t. {#(XL)/Mm}, {.=estimated dry weight of
indigestible materials at ¢, {#(Xi.)/n}

W., L.. and i, are considered difficult to estimate, but in the present study they are

annah activaatad annavrding t0 tha Fallauxang nroaadiiran Ao f ¥ o f Y e agnt latigrnon £
AUIL COLUUHALTU alLil Uil WU LT AUHUWIL LS PLUVLTULNLCS. 510 Yoy My L) 10 O0L JTLWETILL {4 g,

e, &) and (KXo, Yis, ber) ON the regression line, W, that is common to dmi, DMI and LG
might be estimated as follows:

Wo = Wi +M AWisi— W) (6)

k+1 7 Lh



Growth Arnalysis and Stmple Correlation Analysis 129

Then, L. and 4., might be estimated as follows, respectively:

Lm:va'Xm; T)
z:m = I'Vm Y (8)
As i, = ¥, and W, is common to y,. and ¥, ¢, = I,. Thus,
L i
X J Y.n - ki : kil ; (g)
( " ' } ( W?’Pl Wm )

where I,.=estimated dry weight of indigestible materials at (., (#(2l.)/n}.
The following is also obtained,

[m = W'm ) Ym, . (10]

We believe that there are other reliable methods of estimating t,., W, L, %, and 7, but
unfortunately we do not know them for the present. The use of equations (1)~ (10}
should be limited to the cases where there are normal relationships between DMI and LC,
otherwise there will occur the difficulty in estimating .. due to the large dispersion of data
causing low coefficients of correlation.

Tables 1, 2 and 3 show an application of equations (1)~ (10} to three tropical
grasses, namely Rhodes grass [Rg] (Chloris gayana Kunth}, dallis grass [Dg] (Paspalum
dilatatum Poir.) and bermuda grass {Bg] (Cynodon dactylor: (L.) Pers.), which were
regrown at our experimental field with a dressing of a compound fertilizer
(N:P.0:K.0=14:14:14%), after the first cut and discard, at a rate of 1.0kg/a in Rg and
0.7kg/a in Dg and Bg for each element. In these cases, (., W., L., {. and [, were
estimated for each grass using corresponding regression line.

In the present study, (X./W.., t./W., t.) and 0/ W.., L/W... t..) will be used as a set of
mean values for the estimated values (X/W,, ¢/W,, &) and the measured values (X./W,,
I/W,, t.), respectively, in the application of growth analysis method to the simple
correlation analysis between PMI and LC with growth of a forage.

Table 1, Characteristics of Rhodes grass [Rg] and estimation of ¢, when mean dry matter indigestibility
[DM]], lignin content [LC] and their components are given,

¢, (days) 2% al 74 3719 (t.)

W, (g/m) 293 85 498,98 503,32 357.24 (W)
L. (g/m0) 3.81 9936 49.45 98,97 (L)

7. (/) 67.87 190.55 426,49 158.50 (1.)

i, (gm) 67.93 194.86 321 50 158 50 (4.)

X, (CLW) 0.0394 0.0736 0.0833 0.0854 (X..)
Y, (=LAW,) 0.3032 0.4776 0.5503 0.4437 (Y,)
o (=t /W) 0.3008 0.4884 0.5419 0.4437 (4.

t.=regrowth days, W =measured dry weight of forage, L;=measured amount of lignin, J.=measurcd dry
weight of indigestible materials, i,=estimated dry weight of indigestible materials using the regression
ling, X.=measured lignin content [LC], Y.=measured dry matter indigestibility [[PMI], y.=estimated dry
miatter indigestibility [dmi] using the regression line, X, =mean LC, ¥,=mean DMI, ¢,=mean dmi, ¢,=the
day when X,. and y,. (=Y.} are given, W.=Wat t,, L.=W, X, L=W.. Y., 1.,=W. ..
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Table 2. Characteristics of dallis grass [[3g] and estimation of ¢, when mean dry matter indigestibility
[DMT], lignin content [[LC] and their components are giver.

t. (days) 20 HG 80 B0.87 (t.)

17 £ 912 an QTR 59 FAN AN AQS 7O KA N
W (g/m) 31320 587653 780,40 B85.78 (W)
L (g 6.20 28.35 46.36 20.81 (1)

I (g/m*) 59.16 27210 422.90 279.25 (1)

i, (g/m¥) 60.21 266.33 425.71 279.2b (4.}

A (=L G.0251 00415 0.0594 03.04835 (X0
Y. (=./W,) 02775 0.4022 0.5419 0.4072 (¥.)
i (=0./W,) 10.2824 0.3937 0.5455 04072 (y..)

The explanation of symbols and terms are shown in the footnote of Table 1.

Table 3. Characteristics of bermuda grass [Bg] and estimation of t,, when mean dry matter indigestibil-
ity [DMI], lignin content [LC] and their compoerents are given.

t, (days) 20 59 50 B0.68 (1.)
W, (g/m?) 203.40 424.80 767.20 3TTHT (W)
Ly (gfm®) 5.45 19.16 39.66 1555 (L.,)

I (g/m?) 76.44 211.85 389,89 174.02 (1)

i, (g/m?) 77.29 205.11 398,84 174.02 (4.)
X, (=L,/W.) 0.0268 0.0451 £.0517 0.0412(X,)
Y, (=0/W) 0.3738 0.4987 (5082 24609 (V.2
e (=0./W,) 0.3800 (0.4828 (.5190 04609 (y.)

The explanation of symbols and terms are shown in the foctnote of Table 1.

DESCRIPTION OF CHANGES IN dmi, DMI AND LC BETWEEN ¢, and ¢,

The changes in dmi and those in DMI between £, and ¢,. are described on referring to
our previous reports (Shimojo et al., 1995, 1997a, b, 1998a, b). For the convenience of
calculation, changes in dmi (estimated) are deseribed as follows:

Changes indmi=y, - ,,

Ly

Pt
W k W ™

:(kwm).(rfri_,,_ B %m) (11)
1 Wﬂ'c / \RGRW Wm" |

where fri=formation rate of estimated indigestible materials per unit W [{1/W).(dé/dr)},
RGR.=relative growth rate of forages [(1/W)-(dW/dt}].
Tri and RGR, are approximated as follows:
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. L 7 P
i log W, lorgcﬂ i by ’ (12)
Wl:’wm tk*tm

RGRW:,IOgHu;';f _iOgi—‘W‘m , (13)

where e=the base of natural logarithm.
Then, changes in DMI (measured) is expressed as follows:

Changes nDMI=Y,-Y ,

ETI P

- I/Vk Wm

:(1 LVm) . FRI o Im, y (14)
Wk RGR“ Wm

where FRI=formation rate of measured indigestible materials per unit W [(1/W)-(dl/dt)].
FRIis approximated as follows:

- I =
FRI:ng‘JHk logeLVm _]k Im .
I;Vk'_W tk_t'm
The comparison of equations (11) and (14) suggests that the difference between dmi

changes and DMI changes is due o the difference between fri and FRI. Both fri and FRI
are divided furthermore into two corponents as follows, respectively:

(18)

m

1 gf;_ai_[_l d-g) di .
fri = ’ = . . , 16
Twoa T\w T a ) ar (16)
FRI - I__Ql,l:(i.dé).ﬂ 17

W dr W dt/ 4L’ (a9

where (1/W).(dL/dt)=formation rate of lignin [L] per unit W IFRL], d#/dL=formation of i
per unit increase in L {fil], dl/dl,=formation of [/ per unit increase in L [FIL].

Therefore, fil and FIL might make the difference between changes in dmi and those in
DMI through the difference between fri and FRL fil and FIL are approximated as follows:

=R -— [ -1
fll = & i ; FIL = K m .
LA‘_Lm Lk—Lm (18)
Likewise, changes in LC is described as follows:
Changes nLC =X, - X .
Liﬁ' _ g.‘?L
WF\: I/Vm
W, FRL _ L,
=(1_ v, ) FRL _ Ln | -
W, ! \RGR, W,
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IFRL is approximated as follows:

Fﬁ; - log L?Wk - lﬂvgr.’Wm . {‘_k_il“’wl_ ) (20)
WL‘ - Wm tk - ‘t‘m

APPLICATION OF EQUATIONS (11), (14) AND (19) TO SIMPLE
CORRELATION ANALYSIS BETWEEN DMI AND LC

In the simple correlation analysis between two items, correlation coefficient,
regression coefficient and standard error of estimates are determined at least to give a
broad outline of the correlation (Snedecor and Cochran, 1967a, b).

(A) Correlation coefficient
For pairs of (X, Y.), correlation coefficient [r] is described as follows:

V & eyl
r= k=1 i
N S @2n
\// ZI[Y‘V Ym)
An application of equations (11) and (14) to the calculation of r gives
‘{---n Y7 "--- 3 s f— vy 2
\,f b (l—me- fi__im
b \ K= W, RGR, W,
- / k) F’V sttt 2
/ Wl [_FRL _1a }
x4 w mjy
/ n D1 e 2
y (1~&]— FRL-fil i,
_V &N w ) UReR, W) (22)
(3 (-2 (LY
\ oo W.) \ RGR, W, /|

Equation (22) suggests that as 1,=/,, the determination of r is influenced by the
relationship between fil and FIL, roughly speaking, the ratio of fil to FIL.

(B) Regression coefficient
The regression line for (X, Y.) is expressed as Y=a+bX where b is the regression

coefficient. Thus, b is described as follows:

b:l k=l (23)

An application of equations (11) and (19) to the calculation of b gives
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_ w
Y AT

v &

(24)

It is suggested in equation (24) that the determination of b is, roughly speaking,
influenced by the presence of fil in the numerator and the ratio of ¢,,/W.. to L../W,..

(C) Standard error of estimates

Standard error of estimates [SEE) is related to the accuracy with which DMI is
estimated from LC on the regression line. This sort of evaluation is of importance to the
prediction of forage digestibility from chemical components in forages, and in Australian
studics residual standard deviation is used (Minson, 1990).

SEE is desecribed as follows:

1

/'; El (Y, _yk)z

SEE=Y\/ £ " "'
\ -2
/ 5 7 2
/ kzl {(Yl»:_}m]"{yk‘-yn;)}
=\ / k= _—————— 25
\/ — (25)

where Y,.= Y.
An application of equations (11) and (14) to the calculation of SEE gives

/i i {(1wﬂ~). ERL L k(lﬁz_'y_). _fri ’
- A /w1 Wk J RGR“ w m W.!a' RGR“ Wm

n -2
M = o
/ ]lkw,,,)_( FRI _ fri )\
R / z \( w, ) \RGR. RGR,)|
=\ P
/ i Wm F_L e 2
1- . FIL - fil
_\ // f;—l{( !/Vf;) (RGRW) ( ]} 26
\/ — y o (26)

where [/W, = 1./W.,.
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Table 4. An application ol growth analysis method 1o simple correlation analysis between dry maller
ndigestibility |DMI) and lignin content (L{] in the growih of Rhodes grass [Rig).

Correlation coefficient. {r] 0.9970 [P<(:l_[}5)
Regression coefficient [bj 54804 (.=00851+54804.X,)
Standard error of estimates [SEE] 0.0139

/I'V'm-:‘}z_—l "

[Zl0-w, W) (W RER -, w08 [ Bl =W, W) - (FRIVRGR,, -1,
i)
|Z{[1 WoW, (17 S L oie]0e ; e 1 (BT e ooz os
W, W E/RGR o~ W NV A 2 =W, /W) - [FRL/RGR L, /W m,}J
= 5.4804
[):{(1—W,m/W,;)-{IIRGRW)-[F‘"ﬁl—fﬁ]}z/[:%AZ)J
=0.0139

[ohs3

W.=measured dry weight of forage, X,=mcasured lignin content [LC], ¥.=measured dry matter
indigestibility [DMI|, y.=estimated dry matter indigestibility [dmi] using the regression line, X, =mean
LG, Y.=mean DMI, ¢,~mean dmi, W.=W at ¢,., L.=W,.X., L.=W...Y,,, i,=W,-y.., fri=formation rate of
eslimaled indigestible materials per unit W, FRI=formation rate ol measurcd indigestible materials per
unit W, FRL=formation rate of lignin per unit W, RGR.={orage relative growth rate.

Table 5. An application of growth analysis method to simple correlation analysis beiween dry matter
indigestibility [DM]] and lignin content [LC] in the growth of dallis grass [Dg).

Correlation coefficient [r] 0.9984 (P<{0.05)
Regression coellicient [b] 8.6761 {%.=0.0301+8.6761-X.)
Standard crror of estimates [SER] 0.0105

5

. R Lo Bs ; . L e . 2] 05
[2“1,Wm;W“.{m,g(_qum;Wm,u}J /lZ{_(l41:,,,,’W,{.l-[FR[/RGRW—I,,,,fw,,,)})]

- 0.9984

|Zi-w,, ow ) (T RER - i i, )1 [ 20w, 0 (FRL/RGR -1, o, 00|
= 86761

| Zt-w,,/w,)-(1/RGR,) - (FR-TD)}*/(3-2)]
= 0.0105

The explanation of symbols and terms are shown in the fooinote of Table 4.

Equation {26) suggests that the determination of SEE is influenced by the relationship
between FIL and fil, roughly speaking, the difference between them.

A annlicatinn af emintinng (22 F24Y and F268Y toy the enlenlationm of v B oon

An application of equations (22), (24} and {26) to the calculation of r, b and
using actual data is shown for Rg (Table 4), Dg (Table 5) and Bg (Table 6). This suggests
that the simple correlation analysis between DMI and LC is reduced, in some degree, to
the relationships between FIL and fil, if growth analysis method is applied between each
sampling day and the day when the mean value is given for each of DMI and LC. FIL and

fil are considercd indices for the relationship between lignification and the formation of
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indigestible materials with growth of forages in the measured data and in the estimated
dala, respectively. This might give a sort of growth analytic explanation of the simple
correlation analysis between DMI and LC.

Table 6. An application of growth analysis method Lo simple correlation analysis between dry matter
indigestibility [DMI] and lignin content. [LO] in the growth of bermuda grass [Bg].

Correlation coelficient [r] 0.9812 (P>0.05)
Regression coefiicient, {b] 5.6166 (=0.22901+H.6166-X,)
Standard error of estimates [SEE] 0.0201

06

|}2] n'F’f[Z{[l W, (W} {FRI/RGR 1, me]}z]

"’ VV L
=0.9812

[2{(1 W W) (I /RGR 4
[Z“l_w /W) (i RGRy -1, /W l‘z]u‘s’[z’ W, W) (FRL/RGR, L, i, )12
il LRGSR T = by £ W Iy A l[} ! F.J (FRL/RGR L, AW, 1)
= 5.6166
|Z{i1-w,, /w,)-(1/RGR ) - (FRI-T)) 2/ (5-2) ]

= 0.0201

The explanation of symboels and terms are shown in the footnote of Table 4,

Conclusions

It is suggested from this stucy that the simple correlation analysis between DMI and
LC with growth of a forage is described using RGRw, FRI, fri, FRL, FIL and fil which are
calculated between each sampling day and the day when the mean value is given for each
of DMI and LC. This implies, roughly speaking, influences of FIL and fil on the
determination of r, b and SEE.
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