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Abstr act. Ecological friendly products increasing plant productivity, quality and resistance against
diseases are widdy used in biological agriculture many years. One of such products is lignosilicon. That is
developed by Latvian State Institute of Wood Chemistry on the basic of wood processing waste and patented.
However up to now effect of lignosilicon on the development of winter rye was not tesed. Therefore LLU agency
“Zemkopibas zindatniskais institits” (Crop-growing Research Institute) carried out investigation of lignodlicon
effect on the winter rye “ Duoniai “ cultivation on the certified biological field. In spring 2004 “ Lignosilicon” was
introduced in soil ( 120kg/ha) and red clover * Divaja “ wassown on the some field.

The harvest of grain and straw, length and diameter of stem, ear length, numbersand massofgrainin ear increased
on the background of lignosilicon.
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levads
Biologiska lauksaimnieciba balstas uz dabas pasregule§anas procesu veicinasanu un augsnes
biologiskas aktivitates palielinasanu. Ta nepielauj kimiskas sintézes cela rtpnieciski iegutu
mineralméslu un pesticidu, ka arT genétiski modificéto organismu un to produktu lietoSanu.
Vairums cilvéku genomi ir saglabajusipielagoSanas sp€jas apstakliem un uzturam, kuri ir lidzigi
sencu dzives veidam, ka arT uztura tradicijam. Miisdienu dzives apstakli ievérojami atSkiras no
sen¢u dzives un tadel risks saslimt ar dazadam slimibam pieaug. Cilvéki dzivo loti atrauti no
dabas un lieto stipri parstradatus, ilgi uzglabajamus partikas produktus [1].
Tadel aizvien lielaka nozime tiek pieskirta biologiski razotiem produktiem. Lai biologiskaja
saimnieciba varétu sekmigi darboties, tiek piedavati un izm&ginati arvien jauni preparati.
Lignosilicija produkti ar dazadu silicija saturu tiek iegiiti no lignocelulozes, kas ir bioetanola
raZzoSanas blakusprodukts. Produkti ir patentéti un sertificéti /Produkta higi€niskais novertéjums
Ne 20, 2004. g. 25. februari/. Lignosilicija produkti nav toksiski, péc izmeginajumu rezultatiem
uz zurkam tie ierindoti 4-ja bistamibas klas€ [2].
Silicijs nepiecieSams pilnvertigai augu attistibai, ta ietekmé augi sp€j labak pardzivot stresa
situacijas. Savukart lignTnam piemit sp€ja aktivizé€t augSanu. Lignosilicija produkti palidz
atveselot arT augsni un sekmé fosfora un kalcija parverSanu augiem pieejama forma. Tadel to
iesaka lietot gan ka méslojumu, ganka biostimulatoru [ 2,3].
Lidz $im ir pétita Lignosilicija (LSP- silicija saturs 5%) ietekme uz dazadam graudaugu sugam
[4,5,6], bet nav datu par ta iedarbibu uz ziemas rudziem. Latvija rudzi uzskatami par vienu no
svarigakajiem kultiraugiem, tos audz€ galvenokart ka maizes labibu. Rudzi i ari vertiga
lopbariba un izejviela daudziem parstrades produktiem. No ieprieck§ minéta izriet, ka ziemas
rudzi ir viena no pamatkultiram, kas tiek ieklauta biologiskas lauksaimniecibas augu sekas. Lai
noskaidrotu, ka ziemas rudzu augSanu un attistibu ietekmeé Lignosilicijs, 2004.gada Skriveros
tika iekartoti razoSanas izméginajumi.
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Materiali un metodes
Izméginajumi iekartoti sertificéta biologiska lauka, kas paredzets zinatnes un séklaudzESanas
vajadzibam. Lauka izveidota 7 lauku augu seka ar viena lauka platibu 4,5 ha. Augsne vidgji
iekultivéta, pec pasaules aug$nu klasifikatora atbilst Orthieurtic Mollic Gleysol (GL euomo)
tipam, granulometriskais sastavs malsmilts. Aramkartas biezums 25 — 30 cm, tridvielu saturs
3,5%. Lauks drenéts ar slégto drenazu, pHkci 5,8, nodroSinajums ar kaliju vid€js- 155,0 mg kg'l,
ar fosforu zems- 84,4 mg kg, Ca saturs 1240,0 mg kg™.
Izméginajumi iekartoti viena augu sekas lauka, kur 2003.gada rudeni ieséti ziemas rudzi
,Duoniai”. Ta ir vid&ji intensiva tipa Skirne, augstraziga, uzrada labu ziemcietibu un noturibu
pret slimibam.
2004.gada agri pavasart 19.aprilt zem rudziem tika paséts vélais tetraploidais sarkanais abolin$
»D1vaja”. Dazas dienas péc abolina s€jas pirms ta sadigSanas 22.april1 0,25 ha platiba vienmerigi
izkliedgja un ar vieglajam ecésam iestradaja augsné Lignosiliciju, deva 120 kg ha™. Ertak batu
izs€t to reize ar sarkano abolinu, tomer tas nav iesp&jams, jo sarkana abolina s€klas ir sikas un to
daudzums neliels- izsgjas norma 8 kg ha™. Pargja rudzu lauka dala 4 ha platiba kalpoja ka
kontrole.
Ziemas rudzu varpoSanas faze (18.jiinija) tika vertéta saknu attistiba. No katra varianta tika
nonemtas 10 saknes, kuras skaloja ident, apzavéja uz filtrpapira un svéra.
Augu zalajam lapam spirta izvilkuma varposanas faz€ noteica hlorofila un karatinoidu saturu
péc A.Jermakova augu biokimisko petijumu metodikas [8]. Tika izmantots Perkin Elmer aparats
Lambda 25 UV/VIS Spektrometer.
Ziemas rudzu paraugi vert€Sanai tika nonemti ar ramiti graudu pilngatavibas fazé 18.augusta.
Katra variantd nonemti paraugi 4 atkartojumos.
Paraugiem tika noteikts produktivo stiebru skaits (gab. m), vidgjais stiebru garums, sticbru
diametrs, varpu garums, graudu skaits varpa, graudu masa varpa, 1000 graudu masa, ka ari
graudu un salmu razas lielums.
Ziemas rudzu biometrisko raditaju novertésanai katram paraugam tika meriti un analizéti 20
stiebri. leghtajiem izm&ginajuma rezultatiem veikta datu matematiska apstrade ar dispersijas
analizes metodi.

Rezultati un to izvérte jums
2003.gada rudeni biologiskaja lauka iesGtie ziemas rudzi ,Duoniai” labi sadiga, saceroja un
ziemoSana iegaja laba stavokli. ZiemoSanas apstakli rudziem bija apmierinosi.
2004.gada vegetacijas periods Latvija bija véss un lietains, bet, ta ka ziemaji nav siltumprasiga
kultiira, ziemas rudzu augSana un attistiba laika apstak]u de] netika trauceta.
Augu vegetacijas periods 2004.gada Latvija sakas 15.aprili, tas ir par dazam dienam agrak ka
citus gadus. Ménesa beigas naktis bija v&sas, 26. un 27.aprili noverotas salnas. Zem ziemajiem
pasétais sarkanais abolins diga lendm un nevienmérigi. NokriSnu daudzuma zipa aprilis bija
ceturtais vissausakais ménesis pédéjo 80 gadu laika.
Maijs Latvija bija nedaudz vesaks par normu. Gaisa un uz augsnes nereti tika novérotas salnas.
Vesa bija arT juinija II dekade, salnas Skriveros atzimétas vél 8. un 9.junija. Kopuma 23 no 30
ménesa dienam gaisa temperatiira bija zem normas. Jinijs bija lietains, pasi meénesa III dekade,
27.junija Skriveros nolija 62 % no ménesa normas.
Julija laika apstakli bija tuvu normai. Augusta un septembri bija méreni silts un lietains laiks.
Ar Lignosiliciju apstradataja ziemas rudzu sgjuma dala efekts bija pamanams jau péc 2- 3
nedélam. Lignosilicija fona aktiviz€jas fotosint€zes procesi Tas veicinaja augu pilnvertigaku
augSanu un attistibu, par ko liecinaja s€juma veseligais izskats, spécigie dzinumi un kos§i zala
lapu krasa. Pieauga rudzu noturiba pret slimibam, tika aizkavéta augu saslimSana ar séniSu
ierosinatajam infekcijam- miltrasu un risam. Vizuali vért€jot péc 10 ballu skalas stiebroSanas-
varpoSanas faze ar LSP apstradataja s€juma dala atzime bija 9,5 balles, kontroles varianta 7
balles. Rezultata stiebroSanas- varposanas faze, kad intensivi formejas graudaugu razas lielums,
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Lignosilicija pielictoSanas ietekmé rudzu sgums bija ieverojami sp&cigaks un veseligaks
salidzinajuma ar kontroles variantu.

Par Lignosilicija pozitivo ietekmi liecina arT rudzu saknu attistiba varpoSanas faze. Ar LSP
apstradataja varianta rudziem veidojas lielaka saknu masa, kas 1ava augiem pilnvertigak izmantot
augsn€ pieejamas baribas vielas (skat. 1.att€lu).

Saknu masa palielindjas 2,2 reizes- vidgja saknu masa vienam augam kontroles varianta bija 9,2
g, ar LSP apstradataja varianta 20,0 g Saknu sausne lignosilicija fona salidzinajuma ar kontroli
attiecigi piecauga no 4,8 guz 10,9 g.

1.attéls. Lignosilicija (120 kg ha') ietekme uz Zemas rudzu saknu attistibu varpo$anas faze

Lapu analizes varpoSanas faze liecina, ka Lignosilicija fona, salidzinot ar kontroli, hlorofila un
karatinoidu saturs butiski nepalielinas. Tomer, spriezot pec lapu krasas, agrina attistibas stadija
hlorofila saturs bija paaugstinats. Lapas varpoSanas fazé palielinas polifenolu saturs, par ko
liecina UV spektru absorbcijas Iiniju intensitates paaugstinasanas: 1,4 reizes absorbcijai pie 270
nm, 1,3 reizes absorbcijai pie 366 nm un 1,2 reizes absorbcijai pie 374 nm. [7].

1.tabula
Ziemas rudzu ,, Duoniai” biometrisko analiZu rezultati pilngatavibas faze
Produktivo Stiebru Stiebru Salmu
stiebru skaits, garums, diametrs, masa,
gab. m? cm mm gm?
Kontrole 653 118 3,98 8,84
Lignosilicijs 120 kg 678 127 4,44 9,51
ha't
+/- salidz. ar kontroli +25 +9 +0,46 +0,67
% pret kontroli 104 108 112 108
RS.05 2129 45 0,18 25

Biometrisko raditaju analizes liecina, ka Lignosilicija ietekmé nedaudz palielinajas produktivo
stiebru skaits (gab. m?), batiski pieauga stiebru garums un stiebru diametrs Lignosilicijs
veicindja garaku un daudz izturigaku ziemas rudzu stiebru veidoSanos, kas nodroSinaja gan
salmu, gan graudu raZas pieaugumu. Salmu masa palielindjas par 0.67 t ha™ jeb 108 %
salidzinajuma ar kontroles variantu. (1.tabula).
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Lignosilicija fond s€ums veidojas ieveérojami spécigakiem stiebriem, tas garant€ja augstaku
veldres noturbu ari nelabvéligos laika apstaklos. Ipasi svarigi tas ir gadjumos, kad zem
graudaugiem paséti daudzgadigie zalaugi, kuri veldres gadijuma var tikt nomakti. Tada situacija
cietts ne tikai graudu raza, bet biis jaatjauno arT pasétais zalajs.

2.tabula
Ziemas rudzu ,, Duoniai” graudu raza un tas struktiirelementu analizu re zultati
Varpu Graudu Graudu 1000 Graudu
garums, cm skaits masa graudu raza,
varpa, varpa, g masa, g t hat
gab.

Kontrole 7,3 35,8 1,19 31,7 5,35
Lignosilicijs 120 kg ha™ 8,0 41,4 1,51 33,5 6,32

+/- salidz. ar kontroli +0,7 +5.,6 +0,32 +1,8 +0,97
% pret kontroli 110 116 127 106 118
RS.05 0,59 3,82 0,27 2,05 1,4

Lignosilicija klatbiitne sekméja ar1 butisku varpu garuma pieaugumu, bitiski palielinajas graudu
skaits un graudu masa varpa, attiecigi par 116 % un 127 % (skat. 2.tab.). Graudi veidojas rupjaki,
1000 graudu masa palielinajas par 1,8 g. Tas viss kopuma nodro§inaja graudu razas picaugumu
par 0,97 t ha™ jeb 118 % salidzinajuma ar kontroles variantu.

Secina jumi
Lignosilicija izmanto$ana biologiskaja lauksaimnieciba ziemas rudzu s€jumos aizkavé augu
inficéSanos ar séniSu ierosinatajam slimibam agras graudaugu attistibas stadijas, tada veida
pagarinot pilnvértigas razas formésanas laiku un nodroSinot augstakas un kvalitativakas graudu
razas ieguvi.
Lignosilicijs sekmé ziemas rudzu graudu un salmu razas pieaugumu, 1000 graudu masas
palielinajumu, ka arT butiski paaugstina stiebru garumu un diametru, varpu garumu, graudu
skaitu un graudu masu varpa.
Lignosilicija ietekmé veidojas rupjaki un stingraki rudzu stiebri, paaugstinas veldres noturiba,
tade] drosak var veikt daudzgadigo zalaugu pas€ju zem ziemas rudziem.
Lauka izméginajuma rezultati liecina, ka Lignosilicija pielictoSana biologiskaja lauksaimnieciba
rudzu s€jumos ir perspektiva.

Summary
Biological agriculture is based on the promotion of nature”s self-regulation processes and the
enhancement of the biological activity of soil. It protects against the mineral fertilizers and
pesticides obtained by the chemical synthesis way. To ensure a successful activity of the
agricultural economy, increasingly new preparations are proposed.
Lignosilicon products with different contents of silicon are obtained on the basis of the
lignocellulose raw material, a waste of bioethanol. The products are protected with a patent and
certified (Product sanitary assessment No. 20, 2004, February 25). Lignosilicon products are not
toxic; they are assigned to 4-hazard class from the results of tests on rats.
Up to now, the effect of Lignosilicon (LSP), a product with the silicon content 5%, on different
cereal species has been investigated, but there are no data on its effect on winter rye. In Latvia,
winter rye is one of the main cultures, which is included in biological agricultural crop rotation.
To elucidate, how the cultivation and development of winter rye is influenced by Lignosilicon,
production experiments were conducted in Skriveri in 2004.
The experiments were carried out in a certified biological field, designed for scientific and seed
growing purposes. A 7-field crop rotation with one field area of 4.5 ha has been formed in field
conditions. The soil was medium-cultivated, corresponding to the world soil classification type
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Orthieurtic Mollic Gleysol (GL euomo), granulometric content 3.5%. The field was drained with
a closed drainage, pHkcr 5.8, average potassium and phosphorus supplies were 155.0 mg kg
and 84.4 mg kg, respectively, Ca content was 1240.0 mg kg™

The experiments were conducted in one crop rotation field, in which the winter rye ,,Duoniai”
was sown in the autumn of 2003.

The winter rye ,,Duoniai” emergenced well, tillered, and wintering proceeded in a good state.
Wintering conditions for rye were satisfactory.

In the early spring of 2004, i.e. on April 19, late tetraploide red clover ,,Divaja” was sown below
the rye. In several days after the clover sowing, before its germination on April 22, a 0.25-ha
area was loosened evenly, and, with the help of a light harrow, Lignosilicon was dug into the soil
at the application rate 120 kg ha™.

In 2004, the vegetation period in Latvia was cool and rainy.

The effect of the Lignosilicon-treated winter rye sowing part was observed already after 2- 3
weeks. At the Lignosilicon background, the photosynthesis processes were activated. It favoured
a more wholesome growth and development, which was testified by a more healthy appearance
of the sowing, stronger shoots and bright green leaves. The resistance of rye against diseases
increased, and the plants” affection by fungi-induced infections such as mildew and canker was
inhibited. Visually, assessing by the 10-point scale, in the heading phase, the LSP-treated sowing
part”s mark was 9.5 points, and that for the control was 7 points. As a result, in the shooting-
heading phase, when the cereal crop yield is being formed intensively, owing to effect of
Lignosilicon, the rye sowing was much stronger and healthy in comparison with the control.

The favourable effect of Lignosilicon was testified also by the development of rye roots in the
earing phase — June 18. In the LSP-treated variant, a greater rye root bulk was formed, which
enabled a more wholesome use of the nutrients available in the soil by the plants.

The root bulk, in comparison with the control, increased 2.2 times, while the dry matter content
in roots at the background of Lignosilicon, in comparison with the control, increased from 52.2
% to 54.5 %.

An analysis of leaves in the earing phase testified that, at the Lignosilicon background, in
comparison with the control, the content of chlorophyll and caratinoide contents did not increase
essentially. However, judging from the leaf colour, at the early stage of development, the
chlorophyll content had been elevated. In the leaves in earing phase, the polyphenol content
increased, which was testified by an increase in the intensity of the UV spectra absorption curve:
1.4, 1.3 and 1.2 times for absorption at 270, 366 and 374 nm, respectively.

Lignosilicon promoted the formation of longer and stronger winter rye stems, which ousted the
weakly developed ones and ensured an increase in both straw and cereal crops. A somewhat
more rare sowing was formed, but with stronger stems, which ensured somewhat higher lodging
resistance also in unfavourable season conditions. It was especially important also in the cases,
when perennial grasses were sown below the cereals, which, in the case of lodging, can be
suppressed. In this case, not only the cereal crop would be affected, but the sown grass would
also have to be renewed.

An analysis of biometric parameters shows that, as a result of the Lignosilicon effect, the number
of the productive stems (pieces. m?) increased, and the stem length and diameter increased
considerably.

The presence of Lignosilicon also favoured essentially the ear length growth, the grain number
and mass in the ear increased dramatically by 116 % and 127 %, respectively. Stronger grains
were formed, 1000 grains” mass increased by 1.8 g. All this ensured a grain crop increase by
0.97 t ha* or 118 % in comparison with the control. The straw mass increase was 0.67 t ha™ or
108 % in comparison with the control.

The use of Lignosilicon in biological agriculture in winter rye sowings inhibits the plants
infection with fungi-induced diseases at early stages of cereal development, thereby prolonging
the wholesome crop formation time and ensuring an earlier higher-quality grain crop yield.

117
ISBN 9984 — 779 - 06 - 8



Environment. Technology. Resources. 2005

The results of the field experiments testify that the application of Lignosilicon in biological
agriculture in rye sowings is promising.
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