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SUMMARY 

Zeolites are hydrated crystalline aluminosilicate minerals of natural 
occurrence, structured in rigid third dimension net that can be used as slow release 
plant-nutrient source. The main objective ofthis study was to evaluate the effects 
of plant growth substrate under zeolite application, enriched with N, P and K, on 
dry matter yield and on nutrient contents in consecutive crops of lettuce, tomato, 
rice, and andropogon grass. The experiment was carried out in a greenhouse, with 
3 kg pots with an inert substrate, evaluated in a randomized block design with 
three replications. Treatments consisted of four types of enrichment of 
concentrated natural zeolite: concentrated zeolite (Z) only, zeolite + KNO3 (ZNK), 
zeolite + K2HPO4 (ZPK) and zeolite+ H;PO4 + apatite (ZP), and a control grown in 
substrate fertilized with a zeolite-free nutrient solution. Four levels of enriched 
zeolite were tested: 20,40,80, and 160 g/pot. Four successive crops were grown on 
the same substrate in each pot: lettuce, tomato, rice, and andropogon grass. Results 
indicated that N, P and K enriched zeolite was an adequate slow-release nutrient 
source for plants. The total dry matter production of above-ground biomass of 
four successive crops followed a descending order: ZP > ZPK > ZNK > Z. 

Index terms: stilbite, Lactuca 8ativa, Lycopersicurn e8culentum, Oryza sath'a, 
Andnpogon gayanus, slow-release fertilizer, growth substrate. 
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RESUMO: PRODUく:'ODE MAl血J4 SECA EACL加LTLO DE NUTRIENTES 
AlめS CUL TIVOS SUCESSIVOS COMALFACE, TOMA Lis, ARROZ 
E CA PIMANDROPOGON EM SUBSTRATO COM ZE LITA 

Zelitas sdo ininernis alurninossilicatos cristalinos hidratados de ocorr'ncia natural, 
estruturados em redes ciおtalinas tridimensionais rgidos que podem Ser usados contoルnte de 
liberacdo lenta de nut rientes poro as plantas. Ooりetivo deste trabalho毎avaliar o efeito da 
adio de zelita enriquecida coin N PeKao subst rato de cultivo sobre aproduFdo dc rnathria 
seca e o acdmulo de nutrientes pelas culturas sucessivas de ai加Ce, de tomate, de arroz e de 
capi,n-andropogorz. O experimento 加i conduzido cru vasos em casa de vegetardo. em vasos 
contendo 3 kg de subst rato inerte. O delineamento experimental 珂  ode blocos ao acaso, coin 
trs repe埼6es. A zeiita natural estilbitaルi concentrada e enriquecido coin nutrientes瓦Pe 
K obtendo-se os seguintes tratamentos: ze6lita concentrada I Z). zehta + KM垣zA玉！ルe6lita 
+ K9HPO4 (ZPIく)ezelita +1もPO4 +apatita (ZP), alm de um tratamento t-estemnunha Sem 
adiF'o de zelita, inns com solu戸o nutritiva. Utilizaramn-se quatro doses de zeo ato enriqueciag 
20, 4a 80 e 160 glvaso. Foramn realizados quatro cultivos sucessivos no ntes,no substituo de 
cada vaso: alface, tomate, arroz e capim-andropogon. Os resultados indicaram que a zeoiita 
enriquecida corn凡PeK加monou como fonte de nutrientes de libera戸o lentく1・ A produ戸o de 
mat'ria seca total da parte area dos quatro cultivos sucessivos seguiu a seguinte ordem 
decrescente．・  ZP> ZPK> ZNK> Z. 

Termos de indexa o: estilbita, Lactuca satんα, Lycopersicum escuientum, Oryza sativa, 
Andropogon gayanus,krtihzante de liberamo lenta, sit bst rato de cultivo 

INTRODUCTION 

Zeolite minerals are hydrated aluminosilicates of 
alkali or alkalme-earth metals, structured in a three- 
dimensional rigid crystalline network, formed by 
tetrahedral AiO4 and SiO4, whose rings join in a 
system of canals, cavities and pores. These minerais 
are characterized by the ease of retaining and 
releasing water and exchanging cations without 
structural changes (Muinpton, 1999; Kithome et ai., 
1999) and can potentially be used in field or substrate 
cultivation (Harland et al., 1999). There are over 40 
species of natural zeolites, of which cinoptilolite is 
apparently the most abundant, both in soils and in 
sediments (Ming & Dixon, 1987). In Brazil, the 
largest zeo].ite reservoirs are found in the Parnaiba 
river valley (Rezende & Ang'lica, 1991), where the 
stilbite form of the heulandite group predominates 
(Monte et al., 2009) 

Three of the main properties of these naturally 
occurring minerals are of great interest for 
agricultural purposes: high cation exchange capacity, 
high water holding capacity in the free channels, and 
high adsorption capacity. 

Zeolites improve nutrient use efficiency by 
increasing P availability from phosphate rocks, 
improving the use of NH4 -N and NO3 -N, reducing 
leaching losses of exchangeable cations, especially K+, 
and also acting as slow-release fertilizer (Barbarick 
et ai., 1990; Notario-Dei-Pino et aI., 1994; Allen et 
ai.. 1995; Williams & Nelson, 1997; ilarland et ai., 
1999; Pickering et al., 2002; GUI et al., 2005; Bernardi 
et al.. 2008). According to Leggo (2000), due to the  

high affinity of zeolites for nutrients, these minerals 
maybe used in growth media to improve plant yields 
Mixtures of zeolite and fertilizers also had positive 
effects on lettuce (Gui et aI.. 2005) and toma[o yields 
(Valente et al., 1986). Tn addition, zeolites improve 
efficiency of water use, by increasing soil water h&ding 
capacity and water availability to plants (Xiubin & 
Zhanbin, 2001: Bernardi et ai., 2009) 

The main objective of this study was to evaluate 
effects of zeolite addition, enriched with N, P and K, 
to the plant growth substrate on dry matter yield and 
on nutrient contents by consecutive crops of lettuce 
tomato, rice and andropogon grass 

MATERIAL AND METHODS 

The experiment was carried out in greenhouse. in 
3 kg pots with inert substrate of sand washed with 
distilled water and diluted HC1 solution (3:1 v v り  
Zeolite was collected in the state of Maranhao, Brazil, 
in the Parnaiba river basin (Rezende & Anglica, 
1991). According to the procedure described by Monte 
et al. (2009), the raw material was homogenized. snlit 
crusnea. ana sievea. Uontammants (quartz and iron 
oxides and hydroxides) were separated from zeolite by 
gravitational concentration, using a Humphrey 
spiral. These procedures resulted in a material with 
840 g kg-I stilbite and cation exchange capacity of 
2.5 cmoic g', The chemical formula of zeolite was 
determined as follows:( CaO)n 。。  (NH0Ol『、  ,n (lCfl 

n2u)17. uoncentratea zeonte (Z) was dispersed in a 
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solution containing 0.5 moi L' NaC1, at a 
weight:volume proportion of 1:10 to saturate negative 
charges with Nat Suspensions were stirred for 24 h 
at room temperature, centrifuged, filtered and dried 
at 100o C. The homoionicmateriai was dispersedagain 
in solutions containing 1.0 moi U1 H3PO4 (ZP), 
0.5 moi li' KNO3 (ZNK) or 1.0 moi Li' K2HPO4 (ZPK) 
at a weight proportion of 1:40, and these solutions 
were stirred for 21 h at room temperature, 
centrifuged, filtered and dried at 100 OC. Zeolite 
enriched with H3PO.1 was also mixed with phosphate 
rock (apatite - 340 g kg' P205), at a weight 
proportion of 1:10 (g g-り. The following N. P and IC 
concentratmns were determined in the saturation 
paste extract of the substrate cEmbrapa, 1997): N and 
IC in ZNK treatment, 21,130 and 15,210mg kg', 
respectively; P and K in ZPK treatment. 11.289 and 
11.925 mg kg'. respectively; and P in ZP mixture, 
7,130mg kg.' 

Treatments consisted of four levels of each enriched 
zeohte mixture: 20. 40, 80, and 160 g/pot and a control 
(without application of concentrated zeolite). The 
control was nurtured with all essential elements in 
solution as follows (mg U1): N = 210; P = 31; IC = 234; 
Ca = 200; Mg = 48; S = 65; B = 0.5; Cu = 0.02; Fe = 
5.0; Mn = 0.5; Zn = 0.2, and Mo = 0.02 (Sarruge. 
1975). Nutrient solutions were supplied at 100 mL 
per pot in all cultivation cycles every three days in 
the first 30 days of cultivation, and thereafter every 
day. Plants were watered on the days when no 
nutrient solution was supplied. Nutrient solution 
composition varied according to treatments, and the 
nutrients absent in the enriched zeolites were supplied 
by a nutrient solution at the same concentration as 
the control. This ensured the supply of all treatments 
at the same quantities of Ca, Mg, S. B, Cu, Fe, Mn, 
Mo, and Zn 

The experiment was arranged in a completely 
randomized block design with three replications. Four 
sucessive crops were grown on the same substrate 
lettuce (Lactuca sativo L. cv. Regina), tomato 
(Lycopersicum escitlentum Mill. cv. Finestra), rice 
(Orna sattva cv. Soberana), and andropogon grass 
(Andropogou goyaiu.ts cv. Baeti). Nursery plants of 
lettuce. tomato, rice, and andropogon grass were 
transplanted to pots 30 days after germination 
Lettuce. tomato and rice plants were harvested, 
respectively, after 30, 60 and 90 days of growth 
Andropogon grass was cu.t twice, after 60 days and 
after 45 days ofregrowth. Aboveground biomass was 
sampled. dried at 65 。  C for 72 h for dry matter 
determination and ground in a Wiley mill with a 
20 mesh sieve. Nitrogen. P and K levels were 
evaluated in the aboveground biomass according to 
the porcedure of Carmo et ai. (2000). The N levels 
was determined in sulphuric extract by the semi- 
micro-Kjeldahl method. Phosphorus and K levels were 
determined in nitric perchloric extract, respectively, 
by inductively coupled plasma optical emission 
spectrometry and flame spectrometry. After each  

hsrvpqt. n 50 gg nmnle of the arowth substrate was 
collected to analyze the saturation paste extract 01 
the substrate (Embrapa, 1997), in which N and K of 
the ZNK treatment. P and K of ZPK and P of the ZP 
treatment were determined. 

Data were tested for differences among treatments 
using analysis of variance. Equations were adjusted 
as a function of treatments. 

RESULTS AND DISCUSSION 

Lettuce dry matter (DM) yields were highest under 
applications of 13 and 9.9 g/pot of zeolite enriched with 
HPO4 + apatite (ZP) and KNO3 (ZNK). respectively. 
at levels ofSl.l and 89.1 g/pot (Figure ia). Based on 
the DM yield of the control of 9.7 g/pot, the best 
treatment (ZP) resulted in increases of 34 % of lettuce 
DM yield. as similairy observed by Gul et al. (2005) 
There was an inverse relationship with zeolite + 
IC2HPO4 supply (ZNK), probably due to NaCl residues 
used during the material treatment. Cramer & Spurr 
(1986) reported deleterious effects of salt stress on 
lettuce plants, leading to a biomass decline with 
increasing salinity, both during the initial growth and 
the production phase. In this first crop a quadratic 
response to the supply of non-enriched zeolite was also 
observed, unlike in the subsequent crops, indicating 
a probable anion retention in the exchange complex 
of the mineral. 

The ZP and ZPK zeolites induced the highest 
tomato DM yield (70.8 and 65.7 gfpot), with doses of 
126.5 and 115.3 g/pot (Figure lb). These yields were, 
respectively, 50.3 % and 39.5 % higher than of the 
control (47.1 glpot). The greatest DM yield in the ZNK 
treatment (25.8 g/pot) was obtained at the highest rate 
(160 g/pot). Nanadal et al. (1998) also found tomato 
increased yields with the improvement of F and K 
availability in the substrate. The DM percentage 
increase in lettuce and tomato cultivation was higher 
than reported by Leggo (2000), who compared 
substrate-grown plants under zeolite application and 
observed a 19 % DM increase when zeolite was present 

A marked DM yield decrease was obsen'ed for the 
third crop, rice (Figure lo), when treated with zeolite 
enriched with P, P and K, and N and K, since these 
treatments achieved lower values than the control 
mean (46.5 g). The average DM yield under pure 
zeolite (40.2 g) application was equal to the two 
previous crops. In the third crop, yields obtained with 
ZNK treatment were very low and did not differ from 
each other, confirming the depletion of N and K 
sources. 

The average DM yield of the above-ground biomass 
of andropogon grass indicated the same trend for the 
first and second cut (Figure id). Control and 
concentrated zeolite achieved the best results due to 
the replacement of nutrients taken up by harvested 
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Figure 1. Dry matter yield of lettuce (a), tomato (b), rice (e) and andropogon grass (two cuts - d) and total (e) 
of plants grown in zeolite-enriched (Z substrate enriched with N, P and K. The bar indicates the control 
mean (without zeolit,$ 

plants. The treatment with N and K resulted in a 
lower DM yield, while the ZP treatment obtained equal 
yields as the most soluble P source (K2HPO4) 
(Figure la,d). Thus, results indicate the potential use 
of ZP treatment as slow-release fertilizer. These 
results are consistent with those obtained by Allen et 
aI. (1995), who concluded that the mixture of 
cinoptiolite and phosphate rock from North Carolina, 
at a ratio of 5:1 (w wI') was efficient for intensive 
cultivation of wheat (Tritticam. aestivum cv. Coker) 
Barbarick et al. (1990) also found that the combination 
of zeolite and phosphate rock can be an efficient P 
supplier to plants. as long as the other elements are 
not limiting. The dynamic equilibrium between zeolite 
and apatite, which provides P source dissolution and 
P release, were also observed and discussed by Lai & 
Eberl (1986). 

Since sequential extractions were performed, 
results indicated that the doses of enriched zeolite 
required for maximum productivity tended to be higher 
in the last than the first crop. The DM production of 
the best treatments at the beginning of the crop 
succession declined gradually, due to nutrient 
depletion in the culture substrate 

With regard to N uptake (Figure 2a). the highest 
values in ZP, ZPK and ZNK treatments were obtained 
with doses of 111.3, 160.0 and 146.2 mg/pot. 
respectively. Maximum absorption of 630.5 mg N, 
obtained at the inflection point of the response curve. 
represented 20.4 % of the available nutrient 
concentration 

Total P amounts extracted by the above-ground 
biomass of lettuce, tomato, rice, and andropogon grass 
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IFigure 2h) of ZPK or ZP treatments werehose of the control.. Maximum extract認7畿；  
and 271.4 mgofP were obtained with 129 and 160 g 
zeolite, respectively. In relation to the initially 
available macronutrient amounts, 22.2 and 23.8 % of 
total P were extracted by the aboveground biomass of 
the fbur crops 

Figure 4 shows the high P availability in the 
substrate treated with zeolite-enrlched apatite 
Notario-Dei-Pino et aI. (1994) compared P and K 
supply (as K9HPO,1 , through 'zeolite (phillipsite) in a 
greenhouse experiment with alfalfa, and confirmed 
increased levels of these nutrients in plants after 

1500 
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Figure 2. Nitrogen (a). phosphorus (b) and potassium 
(e) uptake in ahoveground biomass of lettuce, 
tomato, rice, and andropogon grass (two cuts) 
plants successively grown in zeolite-enriched 
substrate zeolite -enriched with N, P and K. The 
bar indicates the control mean. 

increase of mineral levels. Pickering et ai. (2002) also 
observed an increase in P uptake in sunflower plants 
grown in substrate enriched with zeolite mixed with 
phosphate rock. 

The results of this study indicated that K extraction 
(Figure 2c) followed the same trend as observed for 
the other two analyzed nutrients (N and P), due to 
the strong influence of this element on DM production. 
Thus, the greatest K accumulations (1781, 1441 and 
949 mg) were obtained with doses of 119.6.99.9 and 
160 g of ZP, ZPK and ZNK, respectively. In the ZP 
treatment extraction by the above-ground biomass was 
generally highest, due to the higher dry matter yield 
The K amounts extracted in ZPK and ZNK treatments. 
which were enriched with this macronutrient, 
accounted for 34.4 % and 38.9 % of the total initially 
available K. respectively. These results were similar 
to those of Williams & Nelson (1997), who observed a 
considerable increase in K extracted by 
chrysanthemum over the control, which was treated 
with nutrients in solution form only. However, the K 
amount extracted here was greater than found by 
Gruener et ai. (2007), who observed that the zeolite 
enriched substrate still contained 52 % of N}l4 -N and 
78 % of the original K in the mineral exchange 
complex after three successive radish crops. This 
concentration also exceeded that reported for wheat 
growth on a zeolite-enriched substrate in which 
approximately 80 % of NH4 -N and K remained in 
the exchange complex after harvesting (Lai & Eberi, 
1986) 

The nutrient supply capacity of the substrate can 
be assessed by estimating the nutrient availability in 
a saturation extract solution. This method simulates 
the growing conditions best and allows the 
determination of readily available nutrients for plants 
(Ende, 1989; Sonneveld et ai., 1990). With regard to 
changes in N levels (as nitrate) and K of the ZNK 
treatment, there was the same trend of yield decrease 
in the crop succession (Figure 3a,b). Nitrogen and K 
reduction after tomato cultivation was very intense, 
indicating the high N and K demand of this species. 

A reversal in the downward trend of P and K levels, 
respectively, was observed after lettuce under ZPK 
(Figures 3c and 4a). This result confirms the earlier 
observation of reduced plant growth, leading also to a 
lower rate of nutrient uptake (P and K) at the highest 
zeolite dose. In the following crop, tomato, the 
reduction of P and K levels followed the general trend. 

The reduction of P availability in zeolite saturation 
extract of ZP treatment (Figure 4b) also shows the 
same trend observed in the other treatments. This 
once again suggests the possibility of an adequate 
supply of this essential element as a non-soluble 
source, as had been observed by Allen et ai. (1995), 
Barbarick et al. (1990) and Lai & Eberl (1986). 

These results illustrate the nutrient depletion in 
the substrate and explain the earlier observation that 
山e doses req' ii red for maximum productivity increased 
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Figure 4. Phosphorus levels in the treatments zeolite 
+ K2HPO4 (22K - a) and zeolite + H3PO4 apatite 
(ZP - b) in the saturation paste extract of the 
substrate, after successive crops of lettuce, 
tomato, rice, and andropogon grass (two cuts). 
The dotted line indicates the content at the 
beginning of the experiment. 
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Figure 3. Nitrogen and K levels in the treatment 
zeolite + KNO3 (ZNK - a and I,), Kin the treatment 
zeolite + K2HPO4 (22K -c in the saturation paste 
extract of the substrate, after successive crops 
of lettuce, tomato, rice, and andropogon grass 
(two cuts). The dotted tine indicates the levei at 
the beginning of the experiment. 

graduallyand androp器quential crops (lettuce, tomato, rice,grass). The potential use of zeolite 
as an adequate slow-release nutrient source for plants 

could therefore be demonstrated. These results are 
in agreement with findings of Valente et aI. (1986) 
for tomato, by Notary-Del-Pino et ai. (1994) for alfalfa 
by Allen etal. (1995) for wheat, by Williams & Nelson 
(1997) for chrysanthemum, by Hariand et ai. (1999) 
for pepper. by Gui ei aI. (2005) for lettuce, by Gruener 
et ai. (2007) for radish, and by Bernardi et aI. (2008) 
for Rangpur lime rootstock. 

CONCLUSIONS 

Resuits indicated that N, P and K-enriched zeohie 
was an adequate slow-release nutrient source for 
plants. Production of total dry matter of above-ground 
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bioniass of four successive crops followed a decreasing 
order: acolite+ K-H PU4 > zeolite + H;1PO4 + apatite> 
zeolite + KNO > concentrated zeolite 
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Omega-3 fatty acids in pork products from 
animals fed different levels of flax 

ー R・T・や型I,うM・E・、Duga安・L・終竺い9・、T 
Beauiieuー, j.r. ranence , K・I・ Lリistra,M・ .j na rez , I、・  

Aldai' 

l3mbrapa Pecuaria Sudeste, Rod. Washington Luiz, km 234, C.P. 339 CEP 13560-970, Sao 

Carlos - Brazil; 2Agriculture an旦Agri-Fo9叩anadきLacombe Research月entre, 6 O0u 5&E 
Jtrail, Lacombe, Alberta, Canada l 4L tWi了 Frairie Swineしentre, Inc・， SasKatOon, SN,しanaua. 

S7H 5N9; 4University of Alberta. Edmonton, AB, Canada. 160 2P5 

The consumption of omega-3 fatty acids (FA) and its health benefits have been 
widely reported and it is the only class of fatty acids with regulatory label claim 
status for meat and meat products in Canada (と300 mg omega-3 per 100 g 
serving). Feeding animals with digestible and enriched sources of a-linolenic 
acid, like flaxseed co-extruded with peas, improves the availability and the 
deposition of omega-3 fatty acids in pork. In this study, the enrichment of 
omega-3 FA in different pork cuts was evaluated. Ninety-six pigs (48 gilts, 48 
barrows) with an initial body weight of 48 士  2 kg were fed three levels of 
flaxseed (0, 5 and 10%) co-extruded with peas for 11 weeks and then 
slaughtered. The loin, picnic and butt were then taken down to V. inch 
subcutaneous fat (i.e. commercial cut) and then lean, intermuscular and 
subcutaneous fat were dissected and analyzed to allow calculation of omega-3 
FA amounts in primal and commercial cuts. Only lean was analyzed in the ham 
As expected, increasing the level of dietary flax increased the level of total 
omega-3 FA in all tissues analyzed (p 'C 0.01). Feeding 10% flax for 11 weeks 
only yielded an average of 197 mg omega-3 FA per 100 g of pure loin muscle 
which is less than the 300 mg required for an enrichment claim in Canada 
Feeding 5% flax yielded 335, 364, 417 mg omega-3 FA/l OOg in loin, picnic, and 
butt primal cuts, respectively. Feeding 10% flax was needed to increase ham 
primal to> 300 mg/i 00g. Total omega-3 in commercial cuts when feeding 5% 
flax provided in excess of 4x the omega-3 FA levels required for labelling in 
Canada. Depending on how portions are defined, less than 5% flax or 11 
weeks of feeding would be required to reach 300 mg omega-3 fatty acids per 
100 g serving of pork 
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