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PLANT, MINERAL NUTRITION OFb y D r . . A . S ilJvaK
by. A r.SivaBermuda 

Plant mineral nutrition ofitili-ats ltr-re-ll vitt'ite hattlts rs~tet~e'i- it 

Rleslponses to ap lications, ilf calciu nmsilicate have 
been w rtelhd f'or rice and sugarcaine in thw fie hld 
and for oither grainilac'eous and flo r setielral nonl-

gri'aninav~eous cropsi inllp ils. 'rhese reslpinl~v, hiave 
oi(ccurred onl liighl wellihered voh'anic solils of Ihe 
tropicsh' anid oni ld alluvial lelrraces in Japan~. Cuilr-
r en t e-vid e nl c e.in li i l' fl s th a t I lli s. I-f es p l l l . k -(1 u11 Ill 

both soil and plant effects of calcium and silicon. 
Soil effects include increased soil phosphorus 
availability, pH. calcium supply, and cation ex
change capacity, as well as decreased concenira
tuons of toxic elements. Plant effects include im
proved phosphorus metab)olism. calcium nutrititn. 
nutrient and enzyme balance, and increased l ie
clianical strength. 

Crops. Rice has been reported to respond
markedly to calciuni silicate applied to certain 
soils in Japan. These r'-po nses have beenI10
20% of the yield ilhout added silicate. Applica
tions of this material are now standard for these 
soils, resulting in the use of about 1.000.000 tons of 
calcium silicate iannually in Japan. Other areas 
reporting response by rice are Taiwan. Ceylon. 
and India. Yiehld of caine and -.tigar in Ilawaii have 
been increas-ed 10-50" 'in s.ils I,,w il silicon, and 
many sugar plantatioi regularlI apjil%calciumn ,il
icate to responsive fields. hnc'ea.'d yield, of -ug
arcane in tI,.hl& hav,. bvn rt'piirit-d ill Maurttit.
and 'uertot lici .5-35ri. ohih, it Suth Africa 
several sour('es of -ilicat,. it, ra-t'l -tigarcatte 
yields in pots. Other graninai.,,, tic(lps. tu'lh aissoirghum., millel, oats. ,.'.heai. io,v., and c.rni. have 
given yield re,,mettfes of 5-901-( i,, pot,. ,,hileikuyu ,ra ,-. ("Hir ,a ,ra- . Sud an,, gra- . an ,d 

gra-- ha~v Ir,,du,-'eld h inre'ea-cs (it 
5-20Oe in iots. S vial ningramitat.,tius lioe. 
cies. including treiil. Desniodian sp.. allalta. 
beans. tomntatoes. lettiwe. liead tablage. and pa
pava havt' gi\rn dr-ilutter oiedihinecrta-.. it'd20
1001 whih calcium -ilicat. ill pot . Apparently 
benehits froent cahium silicath' are nt limited iti 
graminaceeu, plat. at least in llpts. but ield
trials. are(nee(lrd it, ,vrif% tiff.
 

Soils. Rrs'olle.p
n.. III i'aciumn -ilicate generall1 
Itavi lene rtn-irtd ott tropicil oils M!eieh are v\
treit-elo vveatle'rd and hill l'ahed. %,oitlt ht% 
Jill. 'xtrac.ta le .silicate. antl Ihase -attlralieitt.wiell a- III%%-iliu'a-so-,quioxide, ralil... Their (-aitJ

uiitral- m predol itt k Idratri alumine'
and iron ,i.t- igibt.i-it,. nd p,1,thil 4,i li'nlitii
and ka,,lin ,.. %%lii,' hi,.v high Id,,oh -pp~rj- -,,rp. 

tiln- i\gltil t11, a u lanstilhli.\1 ha\, 1 I, tlil 
'alla- i%.llla t ll .- also,, high'it a it,- . Itr .I . Ite- v 

ad it ion. Ilr i t ,- oo ail \i t II lt , , -,il vari
 
wilhttll. aiel' -t' - i tala t .. lil- tIla aii
 
andrl er eut t rti' teiii fioiiani tiir , aid ill('the'tl r
alla in Itlr I ei-rI and ( -idi fflvi- t Iilt. t.% 

atllreial h vlrar. I illusai. t%viti ii v it-l mni-i t a) 

,irdhr I Iii-I. In Ilim~aii a \ iiocllli' .- h -,,il. h40rl1l1-41 
unlde~r hiphirainill151(l inl i.i %v~aii alnd c'lai-sed 
il- it I10lanllll1. i- also 11-ll411im,, IIn Tilio~oalfl licti. 
has wIl'-li 1-ii al il sanlid4hlnf, atill -h1ale liil 1ial 

Silicon ki .111-r4-n111 4'41lisidled I-i.Ilial 41il1% l-r 

ricem . iatnli'.t,,~r..vailhi-;lttn,,i,Eqtimw,. ii-i vi ltIln.g a ive-nri I aritt;e III ahrtinttlnliei''.... il Ih 
ap ll ied 11) .tile . cil .. l i lalii. Ti-l i- ,, n 
%itl . ig liaa . ill illlu-trali ln I. i J~i,llIvlfvl 
ar e-sepaalahd 11r111l1 ilica h. ft-i.I and %it-hf ill
c'reasesl' %illi c'ah'illini ilic'ah. alilplicalioln. %ililli 
Jill levels lg l, I lhal -ilic'.n i- wt-i1,11-iillh, liilt Ih4, 
incr'leaseid growl). Illi ilhuilraliln 1) %it-hl. %oili at 
g i ' ll 41111 111 nl o ft li hl l- h il1r il a rt . i i d r il l 

http:xtrac.ta
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Yield response of 9-month.old sugarcane (a) to applied 
silicate and pH and (b) to applied phosphate and sili-

higher in the presence than in the absence of ap. 
plied silicate. The response to silicate is greater 
at lower levels of applied phosphorus, and an in. 
teraction between plhosphorus and silicon is sug. 
gested. Possible explanations for growth increases 
from applications of calciurn silicate include both 
soil and plant effects. 

Soil effects. 'i'lie. ie .'ts of cahlciim silicate in 
soil may be selarated into tIhse if silicate and 
cahciui. The major effect of added silicate is the 
increase in soil phi tirus availability, either 
through reduction uf plhoshlohrus sorpmtion (fixation) 
or throngh increasing the lesirpti n (release) of 
soil phoshlirus. '[iis is shown in the table, in 
which added silicate reduced the quantity of phos. 
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(b) P 3pp!ed (kg/ha) 

cate. (FromJ.A.Silva, The role of research in sugar produc. 
tion,HawaiianSugar Technologists:1969Reports,1969) 

phorus required to supply soil with adequate phos
phorus for crop growth and also increased the con
centralion of phosphorus in solition (desorbed).
Phosphorus sorption is highest in soils with a high 
content of iron and aluninun oxides. namely, 
Kapaa al Akaka. Silicate is miore effective in 
decreasing phosphorus sorption and also in in
creasing pho sphorus desorpt ion un soils which are 
largely kan linite and sorb phostlhris Itast, nae
ly, Leilhhua and Wahiawa. 'flTe exact inechanisin 
ofthese effects is nit known. and sine solble sili. 
ca in soil is in the firim of ninlsiliciu acid, Si(O-i)4,

the mcchanisin if aniin exchange is considered 
inappropriate. Added silicate also reduces the ac
tivity of loxielenents (alumiinum. iron.and Man. 

Influence of added silicate on phosphate sorption (fixation) and desorptlon (release) from four Hawaiian soils 

CaSiO., added. lipilli Si 

Soil Soil 
series subgroup 

Leilchua llumoxic 
Tropohiumult

Walawia Tropeplic 
Eutrorlhox 

Kapaa Typir 
(;ilbsilumox

Akaka Typic 
Ilydrandepli 

0 250 5) ) 

1 requirement. 
jg/g* 

187 125 100 5.35 

425 325 250 3.36 

725 625 550 0.46 

1150 1050 1050 0.14 

250 500 

Pdesirbcd.
 
ppmn insiluiit
 

5.90 6.13 

4.80 4.64 

0.55 0.56 

0.15 0.16 

Psorbed at 0.2 lipi Ini supernatant solulion. 
tP added initially. I0(X) jig/g
so(JitCE: A. C. Roy eial., Inlluence if calcium silicate on phosphate solubility and availability in Hawaiian Litosols,

Prnc. Int. Symp. Soil Flrt. Eval. New Delhi. 1:757-765. 1971. 
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ganese) in soil. This is not only the result of in
creased pH due to calcium added but also due to 
reactions with silicon. 

Calcium effects include an increased calcium 
supply and pH resulting from this form of calcium. 
Above pl! 5.0 concentrations of toxic elements in 
soil are reduced and phosphorus availability is also 
increased. Increased pH in tropical soils which 
have pl-dependent charge increases cation ex
chanuge capacity. 

There is some evidence that cation exchange 
capacity in these soils may also be increased by 
silicate. 

Plant effects. In sugarcane and lettuce silicate 
applications have resulted in increased efficiency 
in the utilization of plant phosphorus. This is evi. 
denced by higher yields with silicon than without 
at the same concentration of plant phosphorus. 
Root absorption of phosphorus in certain species is 
increased by the presence of silicon. Effects of tox. 
ic amounts of manganese in plants are reduced by 
silicon largely through improving the microdistri. 
bution of manganese in leaves, which prevents 
"leaf freckling." Silicon increases the oxidation 
power of rice roots, thereby enhancing oxidation of 
reduced forms of manganese and iron to insoluble 
forms which precipitate on roots and thus prevent. 
ing excessive uptake of these elements. The ratio 
of Mn/Sio 2 in tissues has been considered a mea
sure of manganese toxicity; however, recent evi
dence suggests that it is of limited value for this 
purpose. 

The formation of enzyme-silicon complexes in 
sugarcane which act as protectors or regulators of 
photosynthesis and enzyme activity has been pro
posed by A. G. Alexander. Silicon can suppress 
activity of invertase. peroxidase, polyphenol oxi
dase, phosphatase, and adenosinetriphosphatase 
in sugarcane. Suppression of invertase activity 
results in increasing sucrose production. while 
reduction in phosphatase activity is believed to 
provide a greater supply of essential high-energy 
precursors needed for optimum cane growth and 
sugar production. 

High levels of plant silicon result in increased 
strength and rigidity of tissues and produce higher 
yields, particularly in rice. due to reduced lodging 
and better light interception by the more erect 
leaves. It has been reported that the silica layer 
formed between epidermal cells and the cuticle in 
rice leaf blades is very effective in reducing wiater 
loss and as a protection against disease and insect 
attack. Increased resistance to several diseases of 
rice, especially rice blast, and of corn, for example, 
corn smut, has resulted from applications of cal. 
cium silicate. 

For background information see PLANT, MINER-
AL NUTRITION OF; SOIL, SUBORDERS OF in the 
McGraw-Htill Encyclopedia of Science and Tech
nology. 
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