Environment. Technology. Resources. 2005

RAPSA SEK LU APSTRADESAR FOSFORU IETEKME
UZ DIGSANU, FOTOSINTEZESPIGMENTU

DAUDZUMU UN RAZU
PHOSPHOROUS SEED COATING AFFECT TO GERMINATION,
PHOTOSYNTHETIC PIGMENTSAND YIELD OF RAPE

V.STRAMKALE

Latgales Lauksaimniecibas zinatnes centrs / Scientific centre of agriculture of Latgale
LLZC, Jaunvilani, R€zeknes raj.
Talr.: + 371 4628140, + 371 9465004, e-pasts: aldisstr@apollo. v

K.JUKAMA, A.STALAZS, M.VIKMANE, U KONDRATOVICS
Latvijas Universitates Biologijas fakultate / Faculty of Biology, University of Latvia

Kronvlada bulvaris 4, Riga, LV-1586
Talr.: + 3717034864, + 371 9364133, e-pasts:mara.vikmane@ lu.lv

Abstract. Rape (Brassica napus L. var. napug is long ago-known vegetable of Brassicaceae in agriculture.
It is important and valuable oil, forage, green-fertiliser and nectar plant. The experience of last years shows that
rape is suitable for growing in conditions of Latvia, but investigations about its cultivars and growing technologies
are not wide enough.
The phosporus-fertilizer adding in the rape plantationsis of great importance for increasing of its productivity. With
the aimto reduce the expenses the phosphorus treated rape seeds are made use.
In our investigations the vel ocity of seeds germination, germinating viability, germinating vigour, green pigments’
quantity in seed-lobes and seeds’ corp are studied. The conclusion is drawn that phosphorus treated seeds are of
elevated physiological activity and elevated quantity of chlorophyll in seed-lobes, the seed-corp isincreased for 3-
70%. The velocity of the seeds’ germination, germinating ability and germinat ing viability isincreasad too.
The making use of phosphorus treated seeds is of great effectiveness because it gives the possibility to prevent
phosphorus-lack in plants and to increase physiol ogical activity and productivity of plants.
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levads

Rapsis (Brassica napus L. var. napus) ir piemérots mérena klimata joslai Tas ir sens un
nozimigs kapostu dzimtas (Brassicaceae) kultiiraugs. Rapsis ir audzgjams relativi zemas
temperatiiras, un ta attistbai nepiecieSams ieveérojami mazak siltuma neka citiem ellas augiem.
Pieprasijums p&c rapsa arvien pieaug, jo palielinds ta izmantoSanas iespgjas. No rapsa seklam
leglist augstvertigu partikas ellu, bet ta spraukumi ir laba, olbaltumvielam bagata lopbariba.
Papildus rapsi izmanto zalm@slojumam un ka nektaraugu. Latvija uzsakta rapSa ellas
izmanto$ana biodizeldegvielas razoSana.

Pedgjo gadu pieredze rada, ka rapsis ir piemérots audz€sanai Latvija [1; 2; 3; 4; 5]. Rapsa
audze€Sanas pamatnosacijumi nemainas, bet strauji mainas audzeSanas iesp&jas. Tas galvenokart
saistitas ar jaunu rapsSa $kirnu un audz&Sanas tehnologiju ienakSanu Latvija. Jaunas Skirnes ir ar
iesp&jami augstaku razibu, tas ir prasigas pret audzesanas apstakliem, pasi pret méslojumu. Liela
nozime rap$a razibas un tas kvalitates paaugstinasana ir fosfora méslojumam. Fosfors augam ir
loti nozimigs elements, jo tas ir tadu katrai dzivai $tnai bitisku komponentu ka nukleinskabju,
fosfolipidu un adenozintrifosfata (ATP) sastava. Fosfors ir gan dezoksiribonukleinskabes (DNS)
ka genétiskas informacijas neséja, gan ribonukleinskabes (RNS) ka genctiskas informacijas
realizétaja sastava. Neparvértejama ir fosfora savienojumu nozime Sinu energétiskaja
metabolisma. Fotosint€zes un elpoSanas gaita saistita ar ATP veidoSanos. ATP, nododot fosfatu
grupu citam savienojumam, to aktivé. Neorganiskajiem fosfatiem augu §tina ir loti liela
regulgjosa loma. Neorganiskais fosfors kontrole fermentativas reakcijas ka ar1 piedalas
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metabolisma celu regulacija, ietekmé fotosint€zes produktu parvietoSanos, cietes sint€zi un
uzkrasanos [6; 7; 8].

Fosfors ir otrais makroelements péc slapekla, kura visbiezak trikst augsné. Kopgjais fosfora
daudzums augsné var bt liels, bet svarigs ir augiem uznemama un pieejama fosfora daudzums.
Fosfors augsné ir gan organisko, gan mineralsavienojumu veida. Augsnes organiskos
savienojumus mineraliz€ augsnes mikroorganismi, veidojot fosfatus. Augsnes mineralie
savienojumi ir loti daudzveidigi, diemzel lielaka dala augsnes neorganiska fosfora ir neskistosu
savienojumu veida, kas augiem ir griti uznpemami. So apstiklu dé] aramzemé kultiraugiem
pieejamais fosfora daudzums ir nepietickams un, lai iegiitu labu razu, lieto mineralméslus.
Tomer sezond no ienesta fosfora méslojuma ap 80% klust augiem nepieejams, jo absorbgjas uz
augsnes dalipam, veido neSkistoSus salus vai mikroorganismu darbibas rezultata parversas
organiskos savienojumos [9]. Fosfora trikums ierobezo mikroelementu uznemsanu [7].

Tapéc mineralméslu izmantoSanai rapSa mesloSana ir jabut péc iesp&jas racionalakai, jo
meslojuma izmaksas i lielas, ka arT jasamazina mineralméslu pielietoSanas negativas sekas vide.
Viena no tadam pieejam, kas atlauj samazinat mineralméslu pielietosanu, ir speciali ar fosforu
apstradatu séklu izmantoSana. Ar fosforu apstradato s€klu pielictosana ir videi draudziga
tehnologija, uzlabo mineralméslu izmanto$anu, nepiesarpojot vidi [10], jo saistvielu kapsula
fosfors ir augiem viegli uzpemama forma [11, 12].

Darba meérkis: noskaidrot, ka s€klu apstrade ar fosforu ietekme rapSa s€klu digSanu, zalo plastidu
pigmentu daudzumu digllapas, ka ar1 seklu razu.

Materiali un metodes

Vegetacijas un lauka izméginajumos (2002. un 2003. g.) izmantota rapSa Skirne ,Mozart”. Ta ir
saturu. ,,Mozart” ir izturiga pret krustziezu sauso puvi Phoma lingam un gaisplankumainibu
Cylindrosporium concentricum. Skirnei ir augsta veldres izturiba [4].
Eksperimentos izmantotas Skirnes ,Mozart” seklas, kuras apstradatas ar pulverveida fosfora
méslojumu, kas nostiprinats pie séklim ar saistvielu. Apstrades metodes (iSeed '™) patents
pieder Somijas firmai “ Kemira Grow How”, bet saistvielu sastava patents — “ Kemira Grow
How” un* Fortum Oil and Gas” .
Petjumos izmantotas gan s€klas, kas apstradatas ar fosforu, gan seklas, kas ieglitas audzgjot
augus no ar fosforu apstradatam séklam. Tadejadi skaidrojot, vai apstrades ar fosforu ietekme
izpauZzas ar1 nakamaja paaudze.
Vegetacijas izméginajumos séklas diedzeétas +20°C temperatiira. Séklas ievietotas starp
filtrpapira ripam Petri traukos un novietotas tumsa. Lai s€klas neieziitu, katra Petri trauka
filtrpapira ripa ar filtrpapira tiltinu savienota ar destiléta Gidens trauku. Udens iztvaiko$anu
ierobezo Petri traukam uzlikts vacins, atstajot spraugu gaisa ventilacijai. S€klu digSana noteikta
ik pe€c 12 stundam. Atkartojumu skaits — 5. Katra atkartojuma 100 seklas. P&c digllapu
parad®anas Petri traukus ekspon€ gaisma, lai noteiktu zalo plastidu pigmentus.
Vegetacijas izméginajumos noteica:
1. Rapsu séklu digSanas atrumu, digtsp&u un digSanas energiju [13, 14]. Digtsp&ju izsaka
procentos, normali sadiguso seklu skaitu attiecinot pret kop&jo digtsp&jas analizé ieklauto seklu
skaitu. Seklu digSanas energiju nosaka digtsp&jas analizes laika, uzskaitot normali sadigusas
s€klas visintensivak digstosaja laika (1/3 vai 1/2 no digSanas perioda). To aprékina procentos,
sadiguso s€klu skaitu dalot ar vispar sadiguso s€klu skaitu attiecigaja varianta [13].
2. zalo plastidu pigmentu daudzumu digllapas — spektrofotometriski kop€ja pigmentu acetona
izvilkuma, nosakot skidumu optisko blivumu (D) gaismas vilnpu garumos, kas atbilst hlorofila a,
hlorofila b un karotinoidu absorbcijas maksimumiem.
Pigmentu koncentraciju (C - mg-I*) aprekina péc formulam [15]:

Chla = 9,784 D662 - 0,990 D644

Chib= 21,426 Dggs - 4,650 Dego

Ck = 4,695 Dayos - 0,268 C, + Cy
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Co =

Lauka izmégina jumus (2003.g.) iertko p&c randomizeto bloku metodes 4 atkartojumos. Laucina
kopgja platiba 2 mx 10 m =20 m?. Uzskaites platiba 1.6 mx 10 m= 16 m’. Izolacija starp
lauciniem 0.4 m, starp atkartojumiem 0.5 m. Izm&ginajumu kopéja platiba 1259 m?. Augsnes
tips: podzoléta glejaugsne. Organiskas vielas saturs augsné — 38 g kg*, pHkc—7.3, P-
36.2 mgkg ™, K—-75.6 mgkg ™. Priek$augs — melna papuve, pamatméslojuma “ Kemira Grow
How” kompleksais mineralmeslojums 18:9:9, papildméslojuma lietots amonija nitrats (devas
saskana ar metodiku).

Meteorologisko apstaklu raksturojums (2003.g.). Maija otraja un tresaja dekadge silts un mitrs.
PietickoSais mitruma daudzums labvéligi ietekméja rapSa séklu dig8anu. Jiinijs — sauss un karsts.
Julijja — nokri$nu daudzums 1.4 reizes parsniedza normu. Razas novakSanas perioda, augusta
treSaja dekade, nokrisnu daudzums 4.2 reizes parsniedza normu, kas negativi ietekm&ja razas
novakSanu.

Lauka izm&ginajumos noteikta rapSa séklu raza. Rapsis novakts atbilsto$i s€klu gatavibai ar
kombainu Sampo-130. A/S Rézeknes Dzirnavnieks laboratorija ar Infratex 1241 noteikts
kopégjais ellas saturs seklas.

Datu matematiska apstrade (vid€jo aritmétisko, reprezentacijas klidas, robezstarpibas aprekini)
un atte€lu izveide veikta ar datorprogrammu MS Excel.

Rezultati un to izvérte jums

Seklu digSanas procesa norise i saistita ar se€klu kvalitati [16; 13; 17]. Seklu kvalitati visbiezak
noverte, nosakot to fiziologiskas ipasibas — digSanas atrumu, digtspeju, digsanas energiju.
Ar fosforu apstradatu séklu digs§ana. S€klu digSanas sakuma vienlidz intensivi digst gan
kontroles varianta, gan ar fosforu apstradatas s€klas. Jau sestaja stunda péc s€klu sadigsanas, ar
fosforu apstradatas seklas, peéc digSanas atruma, par 3 % parsniedz kontroles varianta s€klas. Ar
fosforu apstradato séklu lielaku digsanas atrumu konstat€jam visa eksperimenta gaita (1.attels).
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1.attels. Rap$a Skirnes ,M ozart” séklu dig§ana
Fig. 1. Germination of the rape ,, M ozart” seeds

Iesp&jams, ka miisu eksperimenta, jau 35. stunda p&c ar fosforu apstradato seéklu sadigSanas,
fosfora anjoni ir nonakusi s€klas. Seko intensiva tidens uzpemsSana un s€klu digSana notiek
straujak. Literatira ir norades, ka palielinoties osmotiski aktivo vielu koncentracijai augu
dzivajas §iinas, tas intensivak saista tdeni [18; 6].

Séklu digtsp&ju un digsanas energiju apstrade ar fosforu nav bitiski ietekméjusi (2., 3.attels).
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2.attels. RapSa Skirnes ,M ozart” seklu 3.attels. Rapsa Skirnes ,M ozart” seklu
digtspeja digSanas energija
Fig. 2. Germination viability of the rape Fig. 3. Germination vigour of the rape
~»Mozart” seeds ~»Mozart” seeds

Kaut gan ar fosforu apstradato séklu digtsp&ja ir par 6 %, digSanas energija par 2 % liclaka, neka
kontroles varianta seklam, atSkiribas ir klidu robezas.

Zalo plastidu pigmenti. Septitaja diena, pec seklu sadigSanas, ar fosforu apstradato seéklu
digllapas hlorofila a un hlorofila b summa ir par 43 % liclaka, neka kontroles varianta s€klu
digllapas. Digllapas palielinas arikarotinoidu daudzums (4., 5 attels).

Dazu autoru darbos ir norades par pozitivu korelaciju starp hlorofila daudzumu un fotosinteézes
intensitati [19; 20; 21]. lespgjams, ka fosfora apstrades ietekmé digstos fotosint€ze notiek
intensivak un veidojas vairak energgtisko un plastisko vielu.
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Fig. 4. The total amount of chlorophyls  Fig. 5. The total amount of carotenoid in flax
atb in flax cotyledons fromthe cotyledons from the phosphorus treated rape
phosphorus treated rape , M ozart” seeds »Mozart” seeds

Séklu apstrades ar fosforu pecietekme uz nakamas paaudzes s€klu digSanu. Otraja paaudze
s€klam (2003. gada seklu raza, kas iegiita audz€jot augus no ar fosforu apstradatam s€klam) ir
ievérojami intensivaka digSana, neka kontroles varianta séklam. Vislielakas atSkiribas starp
variantiem ir s€klu digSanas sakuma (6.att€ls).
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6.attels. RapSa Skirnes ,M ozart” 2. paaudzes seklu dig§ana
Fig. 6. Germination of the secend generation rape ,, M ozart” seeds

Ar fosforu apstradato seéklu digtspéja otraja paaudze ir tikai nedaudz lielaka par kontroles
varianta s€klu digtsp&ju, bet séklu digsanas energija ir par 39 % liclaka neka kontroles varianta
seklam (7., 8.attels).
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Lauksaimniecibas zinatnu specialisti norada, ka paaugstinata digSanas energija, audzgjot augus
nelabveligos vides apstaklos, var bitiski ietekmét seklu digsanu [2, 13], nodrosinot strauju augu
augsanu agrajas attistibas stadijas, vienadu un izlidzinatu attistbbu ontogenéze. Ta rezultata augi
sp&j daudz efektivak izmantot savu razas potencialu.

Apkopojot izméginajuma rezultatus par fosfora varianta 2.paaudzes séklu digsanu, ir redzama
fosfora apstrades pozitiva pecietekme uz nakamas paaudzes seklam.

Zalo plastidu pigmentu daudzums otras paaudzes rapSa digllapas ir lielaks neka kontroles
variantam (9., 10.att€ls).
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Fig. 9. The total amount of chlorophyls  Fig. 10. The total amount of carotenoid in flax
at+b in flax cotyledons from the secend cotyledons from the secend generation rape
generation rape , M ozart” seeds »Mozart” seeds

Kopgjais hlorofila daudzums par 50 %, karotinoidu daudzums par 2.9 % parsniedz kontroles
variantu, bet karotinoidiem atSkiribas ir klidu robeZas.
Apkopojot izméginajuma rezultatus - séklu apstradei ar fosforu ir pozitiva ictekme uz zalo
plastidu pigmentu biosintezi arT nakamaja paaudzg.
Rapsa séklu razas analize. Lauka izméginajumos, rapsa skirni ,,Mozart” nodrosinot ar dazadu
slapekla, fosfora un kalija méslojumu, labak aug un attistas augi, kuru izaudz€Sanai izmantotas ar
fosforu apstradatas seklas. legiito razas datu analize liecina, ka variantos, kur lietotas ar fosforu
apstradatas s€klas, iegiita par 3-70 % lielaka seklu raza, salidzinot ar kontroli. Lielaka Skirnes
JMozart” seklu raza — 4.22tha! legiita no augiem, kuru audzeéSanai izmantotas ar fosforu
apstradatas séklas un lietojot mineralméslojumu N 120 (Ngs 18:9:9 250 kgha ™t + Nys-
220 kg ha ™' amonija nitrats + KCI). Fosfora ictekmé ellas saturs rapsa seklas ir paaugstinajies
par 0.2 Iidz 1.3 %.

1. tabula/ Table 1
RapS$a Skirnes , M ozart” séklu raza 2003. gada (Latgales Lauksaimniecibas zinatnes centrs)

The yield of rape , M ozart” in 2003 (in Scientific centre of agriculture of Latgale)

Meéslojuma varianti / Variants of fertilizer Raza/ Yield Ellas saturs seklas
Oil contentin rape
seeds
tha™ % %
1. kontrole — bez méslojuma (control — without fertilizer) 2.37 100 46.0
2. kontrole (control) + P s&klas (phosphorus treated seeds 2.43 103 47.3
(iSeeds™))
3. N12o (Ngo 18:9:9 - 500 kg ha™ + N3o — 88 kg ha™ amonija 3.04 128 46.2
nitrats (amonium nitrate)
4, N1 (Ngo 18:9:9 - 500 kg ha_l + N3 — 88 kg ha_l amonija 3.33 143 47.3
nitrats (amonium nitrate) + P s€klas (phosphorus treated
seeds)
5. N120 (N4s 18:9:9 — 250 kg ha™ + N5 — 220 kg ha™ amonija 3.84 162 46.9
nitrats (amonium nitrate) + KCI)
6. N12o (N5 18:9:9 — 250 kg ha™ + N75 — 220 kg ha™ amonija 4.22 170 47.0
nitrats (amonium nitrate) + KCI) + P séklas (phosphorus
treated seeds)
Y006=0.20

Literatira ir norades [22], ka rapSa s€klas esoSic proteini ir bagati ar neaizvietojamam
aminoskabém (lizinu, metioninu, cisteinu), s€klas satur arT nepiesatinatas taukskabes (oleinskabi,
linolskabi, linolénskabi), kas ir nepiecieSamas dzivnieku augSanai un labveligi ietekmeé to
produktivitati ka ar1 ir vertigs uzturlidzeklis cilvekiem. Tapéc seklu apstrades ar fosforu ietekme
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uz rapSa Skirnes ,Mozart” seklu razu ka arT ellas saturu s€klas uzskatama par nozimigu.
Izméginajumu rezultatu novirzu ticamibas aprékini pierada, ka ieghtic rapSa séklu razas
pieaugumi visos variantos ir bitiski, iznemot 2. variantu — ar fosforu apstradatas s€klas bez
méeslojuma.

Ta ka fosforam ir bitiska loma visos auga notiekoSajos fiziologiski biokimiskajos procesos [18;
13; 6; 22; 4], ari musu pétjumos iegltic rezultati apstiprina fosfora butiskumu. Fosfora
izmantoSana s€klu apstradé nodroSinajusi labaku ta uzgemSanu un iesaistiSanu rapsa
metabolisma procesos, par ko liecina s€klu razas un ellas satura picaugums séklas augiem, kuri
izaudzeti no ar fosforu apstradatajam seklam.

Secina jumi

1.  Ar fosforu apstradato vasaras rapsa skirnes ,,Mozart” s€klu digsanas raksturojums ir $ads:

e  péc apstrades ar fosforu palielinas seéklu digsana;
o digtsp€jas un digSanas energijas izmainas nav bitiskas;
. fosfora ietekmé kopéjais hlorofila daudzums dig]lapas palielinas;

2. Rapsa seklu raza, kas iegita, izmantojot ar fosforu apstradatas s€klas un lietojot dazadu
slapekla, fosfora un kalija mineralméslojumu, ir palielinajusies par 3-70 %, bet ellas saturs
s€klas — par 0,2 -1.3 %j;

3. Seéklu apstrade ar fosforu pozitivi ietekmé nakamas paaudzes seklu fiziologisko darbibu:

e  paliclinas séklu digsana, digtspéja un digsanas energija;
. lielaks ir zalo plastidu pigmentu daudzums dig]lapas;

4.  Ar fosforu apstradato rapSa s€klu izmantoSana ir efektiva: palielinas seklu fiziologiska

aktivitate un séklu raza, tiek uzlabota fosfora izmantoSana un notiek vides saudz&Sana.

Summary
The experience within the last years demonstrate that rape (Brassica napus var. napus) is
suitable for growing in Latvian climate, however, investigations regarding its sorts and growing
technologies are rather insufficient.
Rape is grown in relatively low temperatures and it requires considerably less warmth than other
oil plants in their growth. The demand for rape increases simultaneously with widening usage
possibilities of the plant. Rape seeds are important and valuable oil source. Rape is qualitative
forage full of proteins. Besides that, it is used as green-fertiliser and as nectar plant. In Latvia
rape oil usage has been started in bio fuel production.
It is important starting from the seeds” germination up to their maturity. The plants use the
phosphorus that is in the seeds rapidly; later they absorb it from the environment. In most cases
the phosphorus that is found in the soil is difficult to use by the plants, as it creates insoluble
compounds. In order to have a great yield, the necessity for phosphorus is ensured by using
mineral nutrition. However, in the season about 80% from phosphorus-fertiliser used for the
plants become unavailable. In order to decrease the expenses for mineral nutrition as well as to
avoid pollution, the seeds treated with phosphorus powdered nutrition are introduced instead.
The nutrition is fixed to the seeds with the help of binding agent. The patent for this treatment
method (iSeed™) belongs to Finnish company "Kemira Grow How” but the patent for the
binding agent belongs to " Kemira Grow How"' and " Fortum Oil and Gas'.
Rape ,Mozart” was used in vegetationand field tests (in 2002 and 2003). It is highly productive,
medium summer 00 sort with excellent quality indicators and specifically high oil contents. The
»-Mozart” is rather resistant to different plant diseases. It shows high lodging consistence.
Vegetation tests were carried out in the Department of Plant Physiology, The faculty of Biology,
the University of Latvia but the field-tests in the Science Centre of Agriculture of Latgale.
During the tests the phosphorus treated seeds were used as well as the ones originating from the
plants that were grown from the seeds treated with phosphorus. This helped to determine
whether the phosphorus treatment is visible also during the next generation.
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During the vegetation tests the seeds were germinated at + 20°C in the Petri dish. The length of
experiment depended on the germination speed. Germination of the seeds was set up every 3
hours. The number of repetitions — 5. The number of seeds in every repetition — 100. As soon as
seed lobes appeared, the Petri dish was displayed in light in order to state pigments of green
plastids. We investigated germination dynamics, germination power and energy of rape seeds.
The field tests were organised according to the method of random blocks with 4 repetitions. The
total field space was 2 m x 10 m = 20 n?. The total space of the test was 1259 m?. The soil —
humus podsol gley soil. The contents of organic substances in the soil - 38 g kg*, pHker - 7.3,
P,Os - 85 mg kgt, K205 - 63 mg kg™. Pre-plant - bare fallow. Basic fertiliser - " Kemira Grow
How" complex mineral nutrition 18:9:9, plant-feeder — ammonium nitrate (dosage according to
methodology). The field tests demonstrated the yield of rape seeds. Rape was cropped according
to the seed ripening phase by seed combine harvester Sampo-130. The total oil contents in the
seeds was determined by Infratex 1241 in the laboratory of Rézeknes Dzirnavnieks.

The results show that when the seeds are treated with phosphorus their physiological activity
increases as well as the amount of chlorophyll in the seed lobes.

The field tests demonstrate that when the rape ,,Mozart” was fertilised with different nitrogen,
phosphorus and kalium fertiliser, the plants germ and grow better if the seeds were treated with
phosphorus. The yield analyses testify that the yield of the rape seeds increased by 3 - 70 %,
when the seeds were treated with phosphorus and nitrogen, phosphorus and kalium fertiliser
comparing to the control test. The greatest yield of the rape seeds ,,Mozart” - 4,22 t ha™ was
obtained from the plants that were grown from the phosphorus treated seeds and using mineral
nutrition N 120 (N5 18:9:9 -250 kg ha' + N5 - 220 kg ha’ amonija nitrats + KCl). The
phosphorus has influenced the contents of oil in the rape seeds; it has increased by 0.2 to 1.3%.
Treatment with phosphorus also influences physiological activity of the seeds in the next
generation: germination speed, germination power and energy increases, the amount of pigments
of green plastids in seed lobes is greater.

As phosphorus plays an essential role in all physiologically biochemical processes of the plant,
the results of the tests confirm the importance of phosphorus. Phosphorus usage in the seed
treatment has ensured its better absorption and involvement in the rape metabolism processes. It
demonstrates increase in the yield of seeds and oil contents in the seeds of the plants that were
grown from the phosphorus treated seeds.

The usage of phosphorus treated rape seeds is effective: physiological activity of the seeds
increases as well as the yield of the seeds. Besides phosphorus usage is improved and
accordingly, it contributes to better nature protection.
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