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This study "''as conducted to appl:lt the grov.1.h <iJlalysis method to the simple correlation 
analysis be tween dry malte r il !d igestibility lUMJI and lignin content ILel with growth of a forage. 
TIt~ growth was se t be twee n each sa mpling day ltd and t.he day (l",1, estima ted from the 
regression line, when the mean va lue was g iven fo r C3rh of DMl and Le. Tenns used in the 
growth analysis mel.hod were forage rf'l a t-ive growth ra te [RGRwl, the Formati on rat.e of 
i n d ig~sti hle materials for measured dat.a (FRII al1d that fo r es timated data lfri] from t he 
regression line between OMT and Le , thf' rnnnation rate of lignin (FRLI, and t.he formation of 
in digestible mate rials per u nit increase ill lignin for measured data WILl and t.hat for esti mated 
da!'a [fil l. The fo llowing result s were obtained : The correlation coefficient lr) , regression 
cocfticient [b l and standard error or estimates IS]:.; !:; I in the simple correlation analysis betweeIl 
DMI and LC wert-! described using IWRw, YHl , fri , ~~RL, FI I. a ltd fi l. FIL, fJ..! , and the ratio or the 
diffe rence between them seemed to influence, in some degree, the determination of r , b or SEE. 
It was sugges led that the simple correlation analysis between DM I and I.e .. vas described using 
grrJ' .... th a nalysis method, impl}1.ng influences of FIL and fil on the de termination of r, h and SEE. 

INTR OD UCT ION 

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

In the simple correlat ion analysis between two items, diffe rences b e t ween e ach 

observed value and the mean value of observed values in each item arc 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 DM I and LC. We showed that t.he 
increase Ln OMI with gro"t.h of forages was described using forage relative growth rate 
and formation rates of lignin and indigestible materials (Sh.irnojo et aI., 1995, 1997a, b, 
UJ98a, b) . These suggest, therefore, a possibility of an application of this growth analysis 
method to the simple correlation analysis bet\veen DMI and LC in the gro\,.1h of a forage, 
provided that t.he day when the mean value is given for each of DMI, LC and their 
components is estimated . 
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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 grmvth 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 t, (k=l, 2, "" n) in the 
growth of a forage are expressed as Yk and Xk , respectively. The dry matter indigestibility 
estimated from the regression line between Yt 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 
estimated values arc expressed as Y'n C =Ym) andXm, respectively. 

Using XII< and Yrn on the regression line, the follmving equality is suggested \vhen 
eX"" Ym) is found between eX" Yk) and eXk+:, YHI), 

Xm-X k Ym-Yk 
(I) 

In t.he present study, the time [(,,1 when the mean value is given for each of y". and X"' 

might be estimated as follows: 

Xrn-X k ( ) tm =tk + . tk+l-t~: , 
Xk+l-X k 

or t -t Ym-Yk 
m - k + 

Yk +l-Yk 
(2) 

Then, (X" Y,), (X" y,) and (X"" y",) are described as follows, respectively: 

Ix y )-(~ ~) k, k - fVk'J:l.-Tk' (3) 

Ix ) (Lk ik) 
k'Y~' = Wk'W

k
' 

(4) 

( r ~. \ 
Ix ) I~m m"'J 

In,]jm =\Wm 'W: ' (5) 

where Wk=measured dry \veight of forage at tk, Lk=measured amount of lignin at tl:, 

lk=measllred dry weight of indigestible materials at h, ik=estimated dry \veight of 
imligetitibie Inateflals at tJ; using the regression line, TV",=estirnated forage dI1' \veight at t", 
("(LW,)In), L,,=estimated amount of lignin at tm {"(LLYn}, i,,,=estimated dry weight of 
indigestible materials at t", {"(Li ,)ln}, 

W"" Lm and im are considered difficult to estimate, but in the present study they are 
each estL.l1ated according to the follmving procedures. As (.,-'"':"" YII" 1111 ) is set betvv'een (Xk' 
Yk, tk) and (Xk-:, YU.', (HI) on the regression line, TV" that is conunon to dml, DMI and LC 
might be estimated as follows: 

(6) 
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Then, L", and i", might be estimated as follows, respectively: 

L",~Wm·Xm, (7) 

i m ::: TV 111 • Y m . (8) 

As Ym ::: y", and ~Vrti is common to y", and Y"" i", :::: 1m. Thus, 

(X y) (L m 1m) tn,m:::W'W' 
m lIi 

(9) 

where I,"~estirnated dry weight of indigestible materials at IN i>'(D,)ln). 
The following is also obtained, 

Im:::Wm·Ym. (10) 
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We believe that there are other reliable methods of estimating lm, W"', L n" i'n and 1m, 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, 
othern'ise there \vill occur the difficulty in estimating t", due to the large dispersion of data 
causing low coefficients of correlation. 

Tables 1, 2 and 3 show an application of equations (1) ~ (l0) to three tropical 
grasses, namely Rhodes grass [Rg) (Chloris gayana Kunth), dallis grass [Dg) (Paspalum 
rillatatum PaiL) and bermuda grass [Bg] (Cynodon dactylon (L.) Pers.), which were 
regrown at our experimental field with a dressing of a compound fertilizer 
(N:P,O.,:K,O~14:14:14%), after the first cut and discard, at a rate of LOkg/a in Rg and 
O.7kg/a in Dg and Bg for each element. In these cases, tIl"~ vV"" Dill, i,n and 1,~ were 
estimated for each grass using corresponding regression line. 

In the present study, (X,,/W,,,, i"/W,,, t",j and (X,,/Wm , /"jWm , tm ) "ill be used as a set of 
mean values for the estimated values (X.;W" i.jIVk , t,) and the measured values (XkIWI:, 
IJWk' h), respectively, in the application of growth analysis method t.o the simple 
correlation analysis behveen DMI and LC with grmvth of a forage. 

Table 1. Characteristics of Rhodes grass lUg] and est.imation of t,,, when mean dry matter indigest.ibility 
[DMIJ, lignin content. [Le] and their components are given. 

t. (days) 25 41 74 37.19 (I,,) 

(,ill (g!m~) 223.85 :398.98 593.32 :357.24 (W",) 

L , (glm") 8.81 29.36 49.45 2:1.:17 (L".) 
h ()I/m") 67.87 ]90.55 :!2fi.4B 158.50 (I.,.) 
i , (g1m') 67,:1:3 194.86 321.50 158.50 Ci.J 

X, (=L"IW) 0.(1394 0.0736 0.0833 0.0054 (X.,) 

Y; (=JJI'V,) 0.3032 0.4776 0.5503 0.4437 (y,,) 

y , (=UW,) O.:JOOS 0.4884 0.5419 0.4437 (y,.) 

t,=rcgrowth days, ~V\=rneasured dry weight of forage, L ,=measured amoun\. of lignin, Lo;;;measurcd dry 
weight of indigestible materials, i~=cstimated dry weight of indigestible materials using the regression 
line, x;'=measured lignin content [LC], }';;=rneasured dry matter indigestibility [DMI], Ih-=estimated dry 
matter indigestibility [dmi] using the regression line, X" .. =mcan LC, L=mean DMI. i",=mean dmi, t",=the 
day when X", and y,,, (=Y"J are given, W,.= Wat t"" L",= W",X. , L,= W.,.,Y""i .. ,,=W .. , .l}". 
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Table 2. Characteristics of c1allis grass [DSJ and estimation of t." when mean dr~y matter indigestibility 
[GMT], lignin content [LC] and their cornponenrs are given. 

" (days) 20 59 80 60.87 (t ,, ) 

1.l! ( ... I~·''I 213.20 676.5~3 780.40 r::Q;; '70. nu , 
"" \&U\.J vuu., u "r, "'J 

L i: (g/m') 6.20 28.35 4(1.36 28.81 (1-.,.) 
[, (glm') 59.16 272.10 422.90 279.25 (J,J 
i, (gim") 60.21 266.33 425.71 279.25 (i,;,) 

v f r IU7' 0.0291 "flA In r. "Ln.' nnA"t:rv, 
..1.,, _ \..=1.J. IH!) '-'.'-''71'' \}.\.I.)" ... U.""""" \.."-",J 

y, (oMIV,) 0.2775 0.4022 05418 0.4072 (y",) 
y •. (='i,JTV,) 0.2824 O.:m:)7 (),5455 0.4072 (y",) 

The explanation of s:ymbols and terms are shown in the footnot.e of Table 1. 

Table 3. Characteristics of bennuda grass [Ag] and estimation of t.,. \vhen mean dry matter indigestibil­
ity [DMI], lignin content [LeI and their components are given . 

.... - --- ._._----.----

I, (days) 20 5H SO 50.GS (t,") 

W" (g/m') 203.40 424.80 767.20 377.57 UY.,.,) 
L (g/m') 5.45 18.16 39.66 15.55 (L",) 
[, (glm') 76.44 211.85 389.89 174.02 (i,,) 
i , (glm') 77.28 205.11 398.84 174.02 [i,.,J 

X, (oL,/W,) 0.0268 0.0451 0.0517 0.0412(X,,) 
Y, (=l,IlV,) 0.3758 0.4987 0.5082 0.4609 (y",) 
y,. (="i./w,) O.:l800 0.4828 0.51\)0 0.4609 (y",J 

The explanation of symbols and terms are sho\vn in the footnote of Table 1. 

DESCRIPTION OF CHANGES IN dmi, DMI AND LC BETWEEN /, and t", 

The changes in dmi and those in DMI between tk and t", 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 described as follows: 

Changes in dmi = Y k - Y m 

~ ___ ~JII 
W k Wm 

(11) 

where fri=formation rate of estimated indigestible materials per unit W [(J/W}(di/dt)), 
RGR.=relative growth rate offorages [(l/W) {dW/dt) J. 
lri and RGR. are approximated as follows: 
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iri ::::: loge W k -}og(! J-V In 

Wk-VV r li 

t k -t Tn 

. 1: k -i. m 

t I; - t fr. 

where c:::::the base of naturallogaritlun 

(12) 

(13) 

Then, changes in DMI (measured) is expressed as follows: 

Changes in DMI = Y k - Y m 

=(I_Wm).( FRI _ Im.). (14) 
W k RGR w Wm 
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where FRI=formation rate of measured indigestible materials per unit W [(l/VV) (dJJdt)]. 
FRI is approximated as follows: 

FRI log"Wk-log.W m .~,_-Im. (15) 
rvk-w m tIL-till 

The comparison of equations (11) and (14) suggests that the difference between dmi 
changes ann DMI changes is dup to the difference hetween fri and FRL Roth fri and FRI 
are divided furthermore into t\-vo components as follows, respectively: 

FRI= L . ilJ = (~. dk). slL (17) 
Wdt Wdt dL' 

where (lIW}(dLldt)=formation rate of lignin [LJ per unit W [FRL], dildL=formation of i 
per unit increase in L [fIll, dlldL=formation of I per unit increase in L [FILJ. 
Therefore, fil and FIL might make the difference between changes in dmi and those in 
DMI through the difference between fri and FRJ. fil and FIL are approximated as follows: 

fil::::: 't" -'['m 

L/(-Lm' 

Like\Vise, changes in LC is described as follows: 

Changes in LC = X , - X no 

= (1- if ). ( FRJ, - ~",) . 
k RGR w m 

(18) 

(19) 
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FRL is approximated as follows: 

FRL~ log ",!', - IO& "W", ~, -L", .. 
W,: - "":, tk - tnt 

(20) 

AP PLI CA TI ON OF EQ UATIO NS ( 11), (14) AND (19 ) TO SIMP LE 
CO RRELATION ANALYSIS BETWEEN DMI AND LC 

rn th E'! s imple correlation analysis between two items~ correlation coeffi cient, 
regression coeffi cient 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" V,), correlation coefficient [rl is described as foHows: 

I n 
1'<'( )' 

r ~ V k~1 y, - Y m .. 

J '~I (Y k - Y ..,J' 
(2 1) 

An application of equations (II) and (14) to the calculation of r gives 

\ r±"{"( 1'= Wm 'J ( fri _ i!!L )} 2 
V Ie ", l W/C \RGR w W m 

r= .. 

j ~ {(l_Wm) ( FRL'£""")} ' 
'v It _, W.:C I \RGR w W~~. 

/ ± {(I _ W ",. ) . (I"RL til _ ~)} 2 
'v b I .. . W ~ .... RGR . . W.~m;;,bh~ 
/ ± {( 1 _ W,'" ). (FRL . FIL ! m ) r 

\; k . l W k RGR" W,,, f 

(22) 

Equation (22) suggests that as i,, ~r., the determination of r is influenced by t he 
relationship between fil and FIL, roughly speaking, the ratio of fil to FIL. 

(8) Regression coefficient 
The regression line for ex" V,) is expressed as Y=a + bX where b is the regreSSion 

coefficient. Thus, b is described as follows: 

/ ~ :; V ~ (y k - .Y ".j 
b:::; I _:\_':l __ ,"=~, _ . ,- = 

V k~1 (X k -X ,.J' 
(23) 

An application of equations (J I) and (19) to the calculation of b gives 
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, I t {(~ ._ W," ). ( f! i _ i.",-)}" 
\' K = 1 VJ. k RGR.. W m 

b= --····- ._,- '" 

,/ t {(I _Wm).( FRL _Lu,.)}' 
V ,. I W k RGR

w 
W m 

,; t {( I_ w , ,, ) .( .~R~ .fil_ i, ,, )} 2 
_':i.. _,.~" J W k HGR\\, ~V m 

J '~, {( 1 
- ~: ) (:aR~. _ ~'::~ ) } 2 

(24) 

It is suggest ed in equati on (24) that the determination of b is, roughly speaking, 
influenced by the presence of fil in the nwnerator and the ratio of imIW,~ t.o L,~/W", . 

(C) Standard error of es timates 
Standa rd e rror or 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 fo rage digestibility from chemical components in forages, and in Australian 
studies residual standard rieviation is used (Minson, 1990) . 

SEE is described as follows: 

/ ,~[ (Y , -y.l' 
SEE ~ \ / ....... -

'Ii n - 2 

_, r~, {( V k - Y", )-(y , - y ".l} ' 
- II -.--

V n - 2 
(25) 

where Ym = y,.". 
An applicat ion of equations (I I) and (14) to the calculat.ion of SE E gives 

/ t 1(1-W"' ) ( FRL_~) -(1-w"' ). ( fri _.2",-)}2 
SEE ~ \I 'oi l W k. _ RGR w W '" W , RGR , W '" 

V n -2 

! " {(. W) ( )12 L 1- -'" . l"1.l1 _ .J!L ~ \ / k o [ W , RGR.: RGR.: 1 
'v n- 2 

/ " {( W ) ( FRL ) - _}2 
\ k = 1 W k RGR w I 

L 1- . ... , • . .. = . (F1L .. -. ftI) 
~ \ - n - 2 .. . - - (26) 

where I. j W,, ; i j Wm . 
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Table 4. }\,n application of grm"th analysis method to simple correlation analysis between dry matter 
indigestibility [DMIJ and lignin contern [Le] in t.he growth of Rhodes grass [Ug]. 

Corre\atiOil coefficient IT] 
Regression coefficiem [bj 
Standard error of estimates [SEE] 

= O.DU70 

0.9970 (P< 0.05) 
5.4804 (y,=O.08bl +fi.4804X,) 
0.0139 

I 2:{(1- W rn / IV k) (fri!RGR",-'[ m / VV "I')) 2] O,G 1[2:( (l- W HI / nt k) ·1:FRL/IWRw-L m / rv m. )}2 J Ofi 

= 5.4804 

[L{(J - W", (W,,) (1 IRGR w )· (FRI-iri))' ((:1- 2)J 00 

= 0.0139 

~r,=TTleasured dry weight of forage, X:=mcasured lignin content [LC], Y,=measured dry matter 
indigestibility [UMl], y,=estimated dry matter indigestibilit.y [drnij using Lhe regression line, x.,.=rnean 
Le, Y",=mean DMI, i".=mean drni, W"dV at t"., L .. "=I1l,,, X,,,, L=IV",Y"" i .,=Wff,·y", fri=formation rate of 
estimated indigestible mat.erials per unit W, FRI=fonnation rat.e of mea.sured indigestible materials per 
w1it. VV, FRL=fommtion rate of lignin per unit. rll, RGR.=forage relat.ive grO\vt.h ratc. 

Table 5. An application of growth analysis mcthod to simple correlat.iun analysis he(:.veen dry matter 
indigestibility [IlMl] and lignin content [Le] in the growt.h of dallis grass [Dg]. 

Correlation coefficient [r] 
Regression coefficient [b] 
St.andard error of estimates [SEE] 

0.9984 (P< 0.0[,) 
8.6761 (y,=O.0301 +S.6761K) 
0,0105 

[I{(l - R'm.l TV~.). (fri/RGRw-i m / IV m:I}::: J ll,;; I l L.{( I - H/ III / HI k :1· (r'IUI IWHw-1 Ifl, / W", )}2] n,:,> 
= 0.9984 

I L{(l- WmiVl" It)' (i~ijRGRw- i m IW m)}2] os I[L{(1- W TIl nv k) (FRL/RGRw-L m!W mn2] n,r; 

= 8.6761 

l L((I- W m nv k) (IIRGR wi· (FRJ-frin' 1(3 - 2) 1 0.0 
= 0.0105 

The explanation of s},llbols and t.erms are sho,,","1\ in the footnote 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. 

1'\11 application of equations (22), (24) and (25) to the calculation of r, D and SEE 
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 Le. FIL and 
fil are considered indices for the relationship between ligniflcation and the formation of 
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indigestible materials with grmvth of forages in the measured data and in the estimat.ed 
dat.a, respectively. This might. give a sort of growth analytic explanation of the simple 
correlation analysis between DMI and Le. 

Table 6. An application of grm .. rth analysis method to simple correlation analysis bet\ ... ·een dry matter 
indigestibility [DMT] and lignin cont.ent. [LeI in (.he growth ofbemlllda grass [Bg]. 

Correlation coefficient [r] 
Hegression coeftlcient [b i 
Standard error of estimat.es [SEE] 

0.9812 (P>0.05) 
iif.il f)t) (!/i{=lJ.~~~j;) + G.o I (ii)·X,.) 

0_0201 

[L{ 1:1- ~;Vrn ll'V k)' UrilRGRw-i rn l W m:I}2] Il,~ / [:L{I:l- ~y m / rv 1.;). ([<,RI! RGRw-1 III I W ml}2] or) 
~ 0.9812 

[L{ (1 - TFm irV k)' Uh IRGR w - i m i rV m )}2] 0.5/ l L{{ l - Will / rv!,) ·1,FRL/RGRw-'~m / l-V m )) :OJ (),~ 
= G.616B 

lL{(l- vVm IW k)' (I IRGR w)' (FRJ-hiJ}2/(3-2)] (J,:; 

~ 0.0201 

The explanation of symbols and temlS are ShO\\'Tl in the footnot.e of Table 4. 

Conclusions 
It is suggested from this study that the simple correlation analysis between D1.fI and 

LC with grO\,th o[ 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 OMI and Le. This implies, roughly speaking, influences of FIL and fil on the 
determination of r, b and SEE. 
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