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The prtl)ent st.udy was conducted , using s imple equations , to allalyze t.he accumulat.ion 
rate of silica IARSi ), that o r mine mls IARMI and silica conten l chatlg~~ y,.'i th growth of Ilhodcs 
grass [Rgl a nd Greenlea f desmmJium IGd J. The fo llowing lwo equa lions ..... f> re suggest-cd for 
analyses: 

AR~i=-L fi lsi.) _ i 1 riM) di,wi CAJ 
w d"t -lWdt . dM ' 

Change s ill silica content ::= 1 .(1 (Si h (81: )1 \) 
1000 W, w,' 

+ -:~:J · { ldoo (~- ( ;~~ ' )} · ( Il ) 

WhNP. Wdordge dry weight (glm~) , Si=amotult of silica in the fo rage (mglm",), M=amOUllt of 

minerals in the forage (mglm' ), (IIWH d(Sijldl.) =ARSi, (1IW) <dMldl) =ARM , (d(Si)/dM) =accu

ITIulation of silica per unit accumulation of M[ ASiAM], RGR=mean relative g rowth rate [HGRl of 

forages over the interval i, to te, ARSi=mcan /\RSi over the int erval t l to t" (l - rV,IWJ=foragc 

grov.'lh index [FG index], IAR..')iIRGR- (S'i)/W }/1000=an index for forage gro .... t h dependent 

silica accumula tion [FGDSiA indexl. 

Analyses us ing equation (A) s uggested tha t Rg showed a highe r selec tion of silica in the 

accumulation of mine rals, whf'Jl compared 'kilt. Gd .. '\nalyses using eQuation (B) suggested that Rg 

showed less active sHica acnlffitilation than forage grtl\."th, in contrast. to more active silica 

accrnnuiatioll than forage grov.1h in Gd. It 'NaS suggested that the prescnt methods accounted ana

lytically for the accumulation characteristic.s of siliea and its content changcs with gro¥'1h of forages. 

INTRODUCTION 

Silica, as well as other minerals, is absorbed from soil by plant roots , and the absorbed 
silica is deposited on plant fibers (Jones and Handreck, 1967). It is reported that silica 
depresses forage digestihility (Smith and Nelson, 1975; Smith and Urquhart, 1975; Van 
Soest, 1982; Shimojo and Goto, 1985, 1989; Minson, 1990). The content of silica is lower 
than that of lignin unless forages are grown on soil rich in silica or under water- logging 
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condition like a paddy field. In many cases, therefore, the depression of forage 
digestibility by silica seems to be smaller than that by lignin. This is why we have so far 
taken up lignification only in the analysis, using simple equations, of the formation of 
indigestible materials "ith growth of forages (Shimojo et aI., 1995, 1997a, b, 1998a, d, g, 
h, i, 1999a, b, c). 

It is considered of interest to apply simple equations to analyses of the absorption and 
accumulation of silica 'ivith grO\vth of forages. Tobisa et al. (1997) analyzed, using the 
equation suggested by Hunt (1990), t.he absorption of some minerals by the root of 
Aeschyywrnene americana cv. Glenn when grO\\l1 under the water-logging condition, 
To the analysis of the accumulation of silica, simple equations, which were suggested to 
the analysis of the accumulation of digestible materials (Shimojo et al., 1998b, f, h, 1999a, 
b, c) and that of crude protein (Shimojo et al., 1998c, e) "ith forage growth, might be 
expected to be applied, if modified appropriately. 

The present study was designed to suggest simple equations to analyses of the 
accumulation of silica and its content changes with growth of forages, followed by 
applying them to two tropical forages, a grass and a forage legume. 

EQUATIONS FOR ANALYZING ACCUMULATION OF SILICA AND ITS 
CONTENT CHANGES WITH FORAGE GROWTH 

An equation suggested to the analysis of silica accumulation 
An equation for describing silica accumulation rate per llilit dry weight of the forage 

[ARSi] mth its growth is suggested as follows 

ARSi ~ ~ . d ( Si ) 
W dt 

(1) 

where W~forage dry weight (g/m'), Si~amount of silica in the forage (mg/m'). 
Silica is actually absorbed by plants as a part of minerals, therefore, equation (1) is 

rewritten as follows: 

ARSi~~. d(Si 
W dt 

~(~dM) d(Si] 
\W dt . dM ' 

(2) 

where M~amount of minerals in the forage (mg/m'), (lIW}(dMldt)~accumulation rate of 
minerals per unit W [ARM], d(Si)ldM~accumulation of silica per unit accumulation of M 
[ASiAM]. 

Mean value over the interval t, to t, for each of ARSi, ARM and ASiAM is 
approximately as follows: 

ARSi w2 - WI tz-t, 

ARM~ log,W2 -1og,W, . M 2 -M, 
W,-W, 

AS-iA-M ~ _( S_i_h_-(SijJ , 
M2-Ml 

(4) 

(5) 
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where e=the base uf natural logarithm. 

An equation suggested to the analysis of silica content changes 
.An equation for describing changes .in silica content \~,ith forage growth is suggested 

as follows: 

Ch - -I- ttl I' (Si h (Si It) -' agesmsllcacon en,= --- ------
1000 ,II', WI 

~ll_WIII I_l __ j ARSi_ lSi It)\ 
, W 2 ! \1000 ,RGR 11', ,j (6) 

"INhere ARSi=rnean ARSi over the interval tl to t2, HGR=forage relative growth rate 
[(J/W}(dWldt)], RGR~meaIl RGR over the interval t, to t" (l-W,IWJ~forage growth 
index [FG index], (ARSiIRGR-(Si)JW,)i1000~an index for forage growth dependent silica 
accumulation [FGDSiA index]. 
RGR is approximately as follows: 

RGR~ log,IV2 -log,W I _ 

t'J. - t 1 

Equation (6) is given according to the following procedures: 

WI+LlW WI 

LlSi I Si It -LlW 
~ 

W,+LlW WI-(W,+LlW) 

LlSi _ (.Si)c...:. LlW 

11',11'1-11'2 

~LlW r .4SL lSi )1)_ 
IV, ,LlW IVI 

Then, the ratio of AR.8i to R.GR is t3ken up 38 follow~~ 

..l.. dlSi) 
----

ARSi II' dt 
RGR 1 dW 

II' dt 
d(Si) 
----

dW 
Thus, the following relation is suggested, 

LlSi 

LlW 
AR$i_ 
RGR 

Inserting equation (10) into equation (8) gives 

(S;), _ (Silt ~ LlW r ARsi _ ~Sih'l 
IV, WI IV2 \RGR WI' 

(7) 

(8) 

(9) 

(10) 
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Wr fh ( ARSi ISi)I' 
W z " rWl{ - w,--! 

~( I- WI) . (' ARSi _ lSi h 1. 
, w" RGR WI I 

( 11) 

Dividing oquation ( II ) by 1000 gives equation (6). 

Forages 

AN APPLICATION OF SUGGESTED EQUATIONS TO 
TWO TRO P[CAL FORAGES 

Two t ropical forages are Rhodes grass (Chloris gayana Kunth) and Greenleaf 
des modium (DeS'm()(b:um intortum (Mill. ) !Jrb.) which were cut at. 35 and 63 days of 
regrowth with a compound fertilizer (N:Pl\:KO~ 14 : 1 4: 14%) dressed at a rate of LOkgla 
for each ele ment immedialely after the fi rst cut alld discard. Forage dry weight was 
determined by drying at 70 ' C for 48hr, minerals we re determined by combustion at 
600 'C for 3 1tr , and silica was dctcrmineu using the method of Goering and Van Socst 
(1970) , 

Characteristics of Rhodes grass IRgl and Greenleaf desmodium [Gd] are shown in 
Table I . The silica content in forage (gig) was higher in Rg than in Gd at both days of 
regrov.t h (0.0156 versus 0,0024 at 35 days, 0.0 123 versus 0,0032 at 63 days). This is in 
agreement "1th the review article on forage silica by Wilson (1982) that grasses generally 
contain higher amount of silica than forage legumes. ~Hncral content in forage (gig) is 
higher in Rg than in Gd at both days of regrowth (0.1 14Gversus 0.0841 at 35 days, 0.0798 
versus 0.0705 at 63 days), but the content difference between Rg and Gd decreased with 
growth of them. Silica concentration in minerals (gig) is higher in Rg than in Gel at both 

Table 1. Characteristics of Rhode!:> grass rRg) and Creenleaf desmodiurn [GdJ. 

Forages Rg Gd 

I!cgro"~h(days) 35 63 35 63 

i" orage dry weight: W'(g/m~) 22f) .::;6 515.00 too.OO 3 15.28 

Silka amOlUlt. in forage: Si(g!m 2
) 3.51 6.36 0.46 l.00 

dillo: Si(mg/m' ) 3510.0 6360.0 460.0 1000.0 

Silica content in fo rage(g/g) 0.0156 0.0 123 00024 0.0032 

Mineral amount in forage: M(g/m~) 25.85 41.10 IG.98 22.23 
ditto: M(mgJm:) 25850.0 41100.0 15980.0 22230.0 

\'I i/lerai w ntent in forage (g/g) 01146 0.0798 0.0841 0.0705 

Silica concentration ill minerals(glg) ().1 ~158 0.1547 0.0288 (J.0450 

Silica: dete rnu ned llSing the method oI Goering and Van Sues t (1970). 
Minerals: determined as crude ash by the combusri on of forages at. (iOO ·C for 3 hT. 
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days of regrow1.h (0.1358 versus 0.0288 at 35 days, 0.1547 versus 0.0450 at 63 days), and 
the concentration increased ",ith growth in both Rg and Gd 

Accumulation of silica with growth of Rg and Gd 
The accumulation of silica in Rg and Dg analyzed using ARSi, ARNI and ASiAfI.-1 over 

the interval of 28 days of regrowth are shovm in Table 2a. ARSi was higher in Rg tban in 
Gd (0.2903 versus 0.0780), and this was due 1.0 both higher ARM (1.5535) and ASiAM 
(0.1869) in Rg compared with those (0.9023 and 0.0864, respectively) in Gd. The ratio of 
Rg to Gd in ARSi (3.7240) was higher than that in ARM (1.7217), suggesting that Rg 
showed a higher selection of silica in the accumulation of minerals, when compared ,vith 
Gd. This resulted in the ratio of Rg to Gd in ASiAM to be 2.1630. It is suggested that the 
present method accounts anal~ytically for how silica and minerals accumulate \vith grm·vth 
of forages and how the accumulation of them 8how-s differences between forages. 

Changes in silica content with growth of Rg and Gd 
Changes in silica content analyzed using FG index and FGDSiA index over the 

interval of 28 days are shown in Table 2b. The change in silica content was -0.0032 for Rg 

Table 2. Analyses of the accumulation of silica and changes in its content \,..ith grov.th of 
Rhodes grass [Rg) and Greenleaf desmodium [Gel]. 

a) Analysis of the accumulation of silica with grov;1h of Rg and Gd. 

Forages Rg Gd HglGd 
Interval(days) 28 28 

ARSi (mglglday) 0.2903 0.0780 3.7240 
ARM (mglglday) 1.5535 0.9023 1.7217 
ASiAM (mglrng) 0.1869 0.0864 2.1630 

ARSi""accmnulation rate of silica per unit W, ARM=accurnulation rate of minerals per 
unit W, ASiA.\{=accurnulation of silica per unit accumulation of minerals. 

b) Analysis of changes in silica content with growth of Rg and Gd. 

Forages Rg Gd RglGd 
Interval(days) 28 28 

Silica content changes -0.0032 0.0008 - 4.2782 
FGindex 0.5620 0.3974 1.4144 
FGDSiA. index -0.0057 0.0019 - 3.0248 

FG index=an index for forage growth, FGDSiA index=an index for forage growth 
dependent silica accumulation. 
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and 0.0008 for GeL The negative value in Rg was due to its negative FGDSiA index (-
0.0057). The difference in silica content change \1.'35 mainly due to the difference in 
FGDSiA index (-0.0057 versus D.OOH)), because the difference in FG index betw-een the 
two forages (0.5620 versus 0.3974) was not so large as t.hat of ~~GJ)SiA index. 

The negative FGDSiA index in Rg (~O.0057) is related to the fact that ARSilRGH is 
Imver than (Si) Jf;f1i , namely silica accLU11ulation is Ipss aetivp t.han forage grO\vLh. This 
may cause a slight reduction in the content of silica during the growth of Rg (-0.0032). III 

contrast. the positive FGDSiA index in Gd (0.0019) brings about a slight increase in silica 
content (0.0008) through more active silica accumulation than forage growth. It is 
suggested that the present mrthod arrollnts anal~yi:irally fnr hmv silica aC(~llmlllation is 
related to forage grovvth and how this relationship shows differences between forages. 

Conclmdons 
Equations suggested in the present study might. give some information (] bout analyses 

of accumulation of silica, that of minerals and changes in silica content lAlth growth of 
forages. There is a necessity for examining the present method by applying it to various 
forages grown under different conditions. 
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