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PriekSvards

MésloSanas Iidzek]u lietoSana cilvéces labklajibai, partikas vajadzibas nodro$inasanai, dzives kvalitates
paaugstinaSanai. M@slosanas lidzeklu lietoSana, pemot véra produkcijas kvalititi, iespgjamos kaitgjumus un slodzi
dabigajam ekosisttmam. MésloSanas Iidzek]i un neatjaunojamo dabas resursu racionila izmanto§ana. Mésloganas
ekonomika. Sie un iespgjams vél citi aspekti iek]aujas milsdienas plasi lietotaja termina “ilgtsp&jiga lauksaimnieciba”
vai arT ir §Ts koncepcijas stirakmeni. Tas ir moto cilvekiem visa pasaulg, kas veic pétijumus, nodarbojas ar praktisko
lauksaimniecibu, tirdzniecibu un dabas parraudzibu. Tas ir ari Joti svarigi regionam, kura iek|aujas Baltijas valstis,
Baltkrievija un Polija. STregiona valstim javelta lielas piiles lauksaimniecibas stabilizdcijai un modernizacijai, lai ta
varétu iek]auties ES kopgjas struktiiras. Regions atrodas no vides viedok]a jutigaja Baltijas jiiras sateces baseina.

So problému nozimiba, iesp&jams, bija veicino3s faktors Regiondla semindra organizésanai, kas tika realizéts,
sadarbojoties Starptautiskajam Kalija instititam (Bazele, Sveice) un LLU Augsnes un agrokimijas katedrai.
Seminars KALIJS UN FOSFORS ILGTSPEJIGAS LAUKSAIMNIECIBAS KONTEKSTA notika 2002.
gada 7.-8. februari Jelgava un pulcgja dalibniekus no Latvijas, Lietuvas, Igaunijas, Baltkrievijas, Polijas un Sveices.
Ta programma bija veltita dazada rakstura pétijumiem par augu baribas elementu parvaldibu, sevisku véribu
veltot kalijam un fosforam. Seminara mérki, kas tika akcentéti ka tik§anas galvenais diskusiju loks, bija 3adi un,
pec manam domam, vairak vai mazak tika ari sasniegti.

I. Zinojumi par pasreizgjo stavokli pétijumu un praktiskas darbibas joma attieciba uz kalija un fosfora
izmantosanu lauksaimnieciba. Jauniegiitie rezultati, koncepcijas, metodes, situicijas analize. Tas ietvéra
ari méginajumu objektivi izvertét pasreizgjo situiciju, saistot to kopa ar nakotnes vajadzibam.

2. Pieredzes apmaipa petniecibas, ievieSanas, Ilgtspéjigas lauksaimniecibas koncepcijas ideju izskaidro$anas
Joma. Ka stiprinat zinatnieku lomu jauno lauksaimniecibas metoZu un organizacijas formu apguve.

3. Izvertet sabiedribas mainigas vajadzibas un paaugstinat zinatniskas informacijas pielietoSanu. Zinatnes—
konsultativas darbibas saites. Zinatnes un tas iegiito atzigu veicinasanas prioritates kalija un fosfora
mineralmeéslu lietoSanas joma.

4. lzvertét, vai musdienu lauksaimnieciba ir ilgtspgjiga attieciba uz kalija un fosfora lietofanu pasreizéja
apjoma? Vai pétnieciba var ietekmét 3o situaciju?

Participants of the seminar | Seminara dalibnieki
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5. Atrast jaunus kopintereses punktus, iezimét nakamas sadarbibas planus un diskutét par savstarpéji
intereséjo$am problémam.
6. Stiprinat eksistéjosas profesionalas sadarbibas saites.
Saja Rakstu krajuma publicéta daja materialu, ko sagatavojusi seminara dalibnieki un kurus autori prezentéja
mutiski vai stenda referatu veida.

Semindra orgkomiteja: Dr. Adolfs Krauss (priekssédis, Starptautiskais Kalija institts), prof. Aldis Karklins,
(sekretars, LLU), prof. Josifs Bogdévics (Baltkrievijas Augsnes zinatnes un agrokimijas ZPT), Dr. Sigitas Lazauskas
(Lietuvas Zemkopibas ZPI), Dr. Inara Lipenite (LLU).

Prof. Aldis Karklips

Foreword

Use of fertilizers for the benefit of people, for improvement of food supply and life quality. Fertilizer use taking
into consideration quality aspects, possible harmful effects, loads on natural ecosystems. Fertilizers and rational
use of non-renewal natural resources. Economics of fertilizer use. These and possibly some more aspects are
included in the well-known term “sustainable agriculture” or are building blocks for this concept. This is a motto
of many people all around the world involved in research, farming, trade, and monitoring of environment. These
aspects are very important also for the region, which includes the Baltic States, Belarus, and Poland. This region
is characterized by agriculture that needs many efforts for its stabilization and modernization in order to integrate
into the EU framework. This region is located in the vulnerable zone of the Baltic Sea drainage basin.

The importance of these problems probably encouraged organization of the Regional Workshop what was
realized by International Potash Institute (Basel, Switzerland) and the Department of Soil Science and
Agrochemistry, Latvia University of Agriculture. The workshop POTASSIUM AND PHOSPHORUS FOR
SUSTAINABLE AGRICULTURE was held in Jelgava, February 7-8, 2002 and brought together participants
from Latvia, Lithuania, Estonia, Belarus, Poland, and Switzerland. The Workshop program included different
topics of plant nutrient management studies focussing on potassium and phosphorus. The objectives put as the
main point of the meeting were as follows and, up to my opinion, were more or less realized:

1. Report on the status of research activities and practical situation regarding the potassium and
phosphorous use in agriculture. New research findings, concepts, methods, situation analysis.

This included attempts to objectively evaluate the current situation relative to the future needs.

2. Exchange of experience within the area of research, implementation, promotion of ideas of the concept of
Sustainable Agriculture. How to strengthen the role of researchers within the activities in order to adopt new
methods and organization forms of agriculture.

3. Evaluate the changing demands of the society and increase the use of information provided by research.
Research—extension relationships. Priorities of research and promotion regarding use of the potassium and
phosphorous fertilizers.

4. Evaluate: is farming sustainable at the current level of the potassium and phosphorus use? Can research
influence this situation?

5. Find new common points of interest, draw up the future cooperation plans and discuss the problems of
mutual interest.

6. Strengthen the already established professional links.

This volume of Proceedings contains a part of publications prepared by the participants of the Workshop and
is based on the authors’ oral and poster presentations.

Organizing committee: Dr. Adolf Krauss (Chairman, International Potash Institute), Prof. Aldis Karklins
(Secretary, Latvia University of Agriculture), Prof. Iossif Bogdevich (Belorussian Research Institute for Soil
Science and Agrochemistry), Dr. Sigitas Lazauskas (Lithuanian Institute of Agriculture), Dr. Inara Lipenite
(Latvia University of Agriculture).

Prof. Aldis Karklins

2 LLU Raksti 8 (303), 2003; 1-2



A. Krauss Quality concern of consumers and its implication for nutrient management in crop production

Quality concern of consumers and its implication for
nutrient management in crop production
Patéretaju interese par partikas kvalitati un tas saistiba ar
augu baribas elementu lietoSanu kultiiraugu audzéSana

Adolf Krauss
International Potash Institute, Switzerland, e-mail: ipi@ipipotash.org

Abstract. Food quality plays a dominant role in selecting food at the market. With increasing income, the
demand for high quality food increases as well. Recent food crises like BSE, FMD or misuse of agrochemicals
fuel the demand for safe food. The increasing market for so-called bio-food reflects the change in food habit.
On the other hand, globalization and international trade tariff agreements bring a wider range of food
different in kind and quality to the market. In consequence, the farmers are forced to respond according to
the changing market demand, namely to produce food that is quality wise, competitive, but safe at the same
time. However, quality is not a simple and standardized character, it refers to the value, which is subjectively
or objectively attached to food. On principle, quality can be expressed in its nutritional property, functional
property, hygienic and organoleptic properties, its environmental compatibility and its safety when consumed.
In complying with the demand from the consumer for better and safer food, the farmer becomes more
competitive at the market. Applying balanced fertilization secures the farmer’s market position and increases
his income, the farmer can also certify quality and origin of his produce. Demonstrating a transparent

production would give him an extra bonus at the market.
Key words: plant nutrient management, balanced fertilization, food quality.

Introduction

Quality has become a major concern in selecting
food - what are the reasons?

Food crisis. BSE, food and mouth disease, almost
daily news on the use of illegal growth regulators and
antibiotics in crop and animal production have caused
serious concern on safety and quality of food. Whereas
conventional farmers like in the European Union have
to fight to survive from the food crisis, so-called ,,bio-
farmers* enjoy rapid increase in demand for their
products. The distributors of ,,bio-food” in Germany
assume a 20 to 30% increase in sales last year (2001),
the current ,,bio-market” in Germany is estimated at
o5 billion and will grow further as it is observed in
other European countries, USA and Japan. With each
food related crisis, sales of ,,bio-food” jump up and
remain at the higher level, a kind of ,,staircase” effect.
The move to ,,bio-products“ is supported by the
political goal to convert up to 20% of farmland in
Germany to ,,organic farming”. This is of course a
tremendous challenge to conventional farms.

Urbanization. FAO (2002) estimates that, by the
year 2030, the proportion of the world’s population living
int towns will have grown to 61 %, compared with 40%
in the 80-ies and 48% today. The increase in
urbanization will be greatest in developing countries
(1980 <30%, 1999 - 40%, 2030 - 57%). In contrast,
in developed countries, urbanization, already 74%, is
expected to increase only slightly to 82% in 2030.
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Dietary habits alter with urbanization and income.
In general, developed countries, with their high
proportion of urban people, consume much more fruits,
vegetables and meat than developing countries. The per
capita supply of fruits and vegetables of people in
developed countries is, according to FAG (2002), with
193 kg per year about 30% higher than in developing
countries (147 kg year!), whereas consumption of staple
food like rice shows a reverse trend (11 kg
year! in developed and 71 kg year® in developing
countries; figures for 1999). Correspondingly, in
California for instance, the value of fruits and vegetables
produced in the local agriculture has more than doubled
in the last 20 years to currently $13 billion, whereas the
value of field crops has even decreased slightly to $3.6
billion (Johnston and Carter, 2000).

Income. As indicated in Figure 1, with increasing
income the diet shifts from low value subsistence crops
like cereals and root crops towards animal protein, fruits
and vegetables, and quality comes into picture. It is also
obvious that the wealthy ,high-tech“ urban society
spends less time on food preparation and looks for
packed and processed food. Another observation s that
the market, for instance in Germany, has become more
polarized. There is a distinct shift from the traditional
price structure with 3 segments, i.e. a certain low price
segment, alarge moderate price segment and a relatively
small high price segment, to a price structure with only
two components — a large low price and a large high

3
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food type

A

subsistence food like
cereals, fats, oils,

packed/processed food, emphasis
on quality, safe/bio/functionali food

more meat, vegetables, fruits,
quality comes into picture

—

Income

Fig. 1. Relationship between income and food habit (after KERN, 2000).

price segment. ,,Bio-food* is found in the latter, whereas
the bulk of consumers, especially in developing
countries, looks for cheap and affordable food. The
moderate price segment seems to disappear.
Demographic development. According to OECD
(2002), the share of aged people (older than 65 years)
inindustrialized countries will steadily increase. As an
example, the share of ,,above 65“ in Germany will
increase from currently 16.4 t0 26.1% in 2030, in Italy
~from 18.2t029.1% and in USA - from 12.5 t0 25%.
This will certainly have an impact on the food habit
towards processed food, functional food and higher
quality, but at reasonable costs because it is doubtful
whether with the demographic evolution, the current
level of retirement payments can be maintained.
Concerning the functional food, there is an increased
public interest in this type of food which may have a
potential to lower body fat, cure gut maladies, provide
gender and age-related medical needs, improve skeletal
strength, lower cholesterol or improve the optical vision,
etc. (Kern, 2000). Ingredients such as lycopene in
tomato, allicin in garlic or isoflavones in soybean are
associated with prevention or treatment of cancer,
diabetes, hypertension, and heart disease (Bruulsema,
2000). The diet can also play a critical role in a wide
spectrum of diseases. Keen and Zidenberg-Cherr
(2000) refer to the antioxidant effects of vitamins Cand
E in human plasma, what are prolonged in the presence

of the phytochemical catechin, a phenolic compound
found in fruits, vegetables, green tea, red wine and
chocolate.

Quality counts at the market place

Irrespective of whether agricultural products are
grown for the domestic market or for export, the quality
of the produce determines success at the market. A
survey in 7 European countries shows that quality,
though largely a subjective property, is rated as the most
important determinant of acceptability by 25% of
consumers, followed by price (16%), brand name/
reputation (14%) and freshness (9%) (Fig. 2) (Traill,
1999).

Food quality is “... an intrinsic property of food by
which it meets pre-defined standard requirements.
Determinants of food quality can be grouped into
several properties. Food quality therefore refers to the
value, which is subjectively or objectively attached to
food with respect of quality properties ...” (Abalaka,
1999).

Major quality components consist of the nutritive
value, functional property, hygienic, organoleptic
properties, and whether the food has been produced in
context with the environment. The different traits are
interrelated to each other and should not be seen in
isolation.

Nutritional properties

\

hygienic properties — FOOD QUALITY <._ organoleptic properties

T

functional properties

T

environmental compatibility
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price 16.5%

reputation 14.4%

freshness 9.4%

guarantee 9.4

quality 25.1%

others 25.2%

Fig. 2. Relative importance of product attributes in product choice (after Traill, 1999).

More detailed quality indicators were compiled by
Haerdter and Krauss (1999), listing next to nutritional
value also aspects of health, sensorial, suitability, socio-
physiology, political-societal and ecological values.

Focus on quality necessitates balanced
fertilization

The multi-functionality of potassium predestines
this nutrient to play a dominant role in quality
management.

Nutritional properties. This refers to the content
of certain constituents such as protein, oil or fat, starch,
mineral components and vitamins. Contents of fiber
and ballast substances as well as the energy content are
widely used parameters in human diet. The content of
nutritive elements like protein or oil is used in many
countries as a basis for procurement systems and thus,
is an economic factor.

Numerous field trials conducted by IPI and other
fertilizer associations have shown that balanced
fertilization with potassium increases the protein
content in wheat, oil content in soybean, groundnut and
rape seed, the vitamin C content in vegetables and fruits,
or the content of functional substances like lycopene or
isoflavones in tomato and soybean, respectively. The
involvement of potassium can be seen in its role as an
enzyme activator in N metabolism. As shown by Koch
and Mengel (1974), K deficient tobacco plants not only
absorbed 26% less nitrate than plants receiving adequate
potassium, from the nitrate taken up only 15% were
incorporated into protein and 45% still remained as
nitrate. In contrast, plants well fed with potassium
converted 40% of nitrate into protein and kept only
30% as nitrate. The higher protein content of plants
with adequate potassium improves the nutritive value.
Less remaining nitrate in the tissue at higher conversion
rates complies with the demand of the consumer for
“safe” food, and the higher nitrate uptake at adequate K

LLU Raksti 8 (303), 2003; 3-7

supply matches with the requirement of
environmentally friendly crop production.

Functional properties. This refers to sugar content
in beets and cane, fiber content and quality in cotton,
flax, jute, starch content in potato, etc. Sugar beet in
Hungary receiving adequate potash gave a higher root
yield with increased sugar content and consequently a
much higher sugar yield (Kulcsar and Debreczeni,
1997). The latter counts when quality—based procure-
ment systems are established. Farmers in Germany
earned an additional $140 per ha from sugar beet at
360 kg ha'' of K,O in spite of higher fertilizer costs
because, at adequate soil K levels, quality of beet
improved and commanded a higher procurement price
(Orlovius, 1996).

A lower sugar content in beet receiving inadequate
potash derives from reduced translocation of assim-
ilates from the leaves into the storage organ due to
restricted phloem loading. This was demonstrated by
supplying potato plants with labeled C and subjecting
them to varying K supply. In plants receiving reasonable
amounts of K, 80% of foliar applied "C was translocated
within 2 hrs into the tubers, whereas K-deficient plants
retained more than 50% of the absorbed "C in the shoot
(Haeder et al., 1975). In addition to lower sugar
translocation, beets grown at unbalanced high N and
inadequate K have a high content of noxious nitrogen.
Noxious N reduces the extractability of sugar from beet.
Noxious N accumulates because synthesis of protein is
restricted at K deficiency as shown before with tobacco.
Furthermore, the sugar content is low because more
assimilates are required for N metabolism (Krauss and
Beringer, 1988).

Apart"fmm the economic loss the farmer has when
he delivers beets low in sugar content, there is also
damage to the national economy. Oehlund (1999) has
calculated that in order to produce one ton of sugar
from low quality beet (e.g. 80% extractability and 13%
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sugar content typical of unbalanced fertilization) around
10 tons of roots would be needed. But with high quality
beet having 95% extractability and 17% sugar content,
less than 7 tons would suffice. The saving in energy
required to transport and extract 3 t less high quality
beet is obvious.

Organoleptic properties. This is related to the taste
and appearance. IPI sponsored field trials in China
showed for instance that balanced fertilization increased
the content of aromatic compounds in tea and thus the
quality.

Potato trials in Bulgaria revealed that the content of
reducing sugar dropped from 0.56% at NP t0 0.04% at
balanced fertilization with K and Mg on top of NP
(Nikolova, 1999). A low content of reducing sugar in
potato tubers is the main prerequisite of tasty and bright
colored potato chips.

In Russia, cabbage stored during 4 months showed
substantial loss in weight (35%}) and serious incidence
of spot necroses when there is unbalanced fertilization
with NP only. Balanced fertilization in contrast
improved the shelf-life (weight loss 27%) and
considerably reduced the incidence of spot necroses.
After 4 months, these cabbage heads also had a rather
favorable K:N ratio of 1.18, whereas the cabbage heads
at NP control contained substantially more nitrate (K:N
0.49). Comparable results were also found in carrots
and red beet in Russia.

And finally, fissures, cracks and lesions observed
onK-deficient fruits and leaves not only offer easy access
to invading pathogens but also repel potential
consumers at the market. The appearance and thus the
quality are poor, and the farmer cannot sell his produce.

Hygienic properties. Plants adequately supplied
with potash show fewer incidences of pests and diseases.
K-deficient plants have a higher content of low
molecular organic compounds, such as amino acids or
sucrose in the tissue, which is, on the other hand, the
preferred food stock for pathogens. The tissue of plants
fed with unbalanced nutrition is also softer and less
resistant to invading or chewing pests and diseases. K-
deficient plants are also pale in color and show early
wilting, which seems to attract pests (Krauss, 2001).
Less diseases comply with sanitary and phytosanitary
regulation in international trade. Better crop resistance
to pests and diseases would also reduce the input of
agrochemicals and thus, minimize the concern on
residual effects.

Environmental compatibility. Consumers will ask
more than before whether the crop has been produced
in context with environmentally friendly practice. One
major factor is the amount of N left in soil after harvest.
Trials like those conducted by IPI in China showed a
substantial decrease of residual N at balanced ferti-
lization. Under farmer’s practice, some 140 kg ha* of
nitrate-N was measured in subsoils, and farmer’s

practice in China means N first of all. The N-NO,
content decreased to about 100 kg ha! after adding K
to high N. It declined further to less than 40 kg ha™' of
N-NO, when N was well balanced with potassium.
Those farmers applying balanced fertilization can prove
that:

a) plants have been fertilized in a ‘balanced‘ and
thus, ‘natural‘ way because of less residual N insoil;

b) the natural resources —land, fertilizer and energy
contained in fertilizers — have been utilized efficiently
because of higher yields;

¢) less residual nitrogen means less potential
contamination of groundwater and the atmosphere.

Safe food. In an atmosphere of uncertainties on food
safety such as nitrate content of vegetables, residues of
agrochemicals, beef and BSE, quality auditing of
production could bring back confidence of consumers.
And, balanced fertilization in an integrated approach is
one of the most important components in quality
auditing, It also adds a particular image to the produce,
the added value increases the competitiveness.
Moerschner et al. (1999) see a good market chance for
those farmers who adopt management systems with
respect to quality and environment. This refers to
production based on demonstrable quality norms. By
so doing, it secures old and opens new markets, the
farmer can certify quality and origin of his produce, he
proves compliance with legislative rules, there is no
problem with product liability, etc. Of course, quality
auditing requires continuous recording, book keeping,
nutrient accounting, etc., however, it offers an important
market niche.

Conclusions

The demographic evolution on one hand, glo-
balization, free trade and a multiple choice of the
consumer at the market on the other — agricultural
production is confronted with a considerable change in
food demand, both in quantity and even more, in quality.
The consumer wants a transparent production to be
sure to get “safe” food. He wants to follow-up how the
food is produced, whether environmentally friendly and
resource saving production methods are applied. And
certification schemes for quality and environmentally
sound production processes subject the farmers to more
complex decision schemes.

Balanced fertilization, which takes care of all
nutrients according to site and crop-specific needs,
assists the farmer to comply with the consumer’s
demand. His cropis healthy and of good quality. Higher
yield at balanced fertilization ensures better incorne,
especially'when high yield is linked with top quality.
The farmer will reinvest money into agriculture, and
also in non-agricultural products, which in turn attract
other businesses and thus, contribute to the develop-
ment of the rural area. Higher yield also indicates better
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use efficiency of the natural resources ~land and energy
in form of fertilizers, and transport. It protects the
environment by better utilization of applied nutrients.
Less processing energy at high contents of nutritive
ingredients conforms to the request of resource saving
food production.

To respond to the rapidly changing demand from
the market, the farmer requires appropriate
information, also in terms of the latest development in
plant nutrients related research. IPI intends to bridge
the gap in knowledge by conducting demonstration
trials as well as seminars, workshops, etc. Publications
in local languages also assist to disseminate the
information.

There is also need to inform decision-makers and
politicians on the benefits of balanced fertilization. They
have to provide the correct policy frame in terms of
regulative measures to ensure availability of inputs at
affordable costs and, at the same time, an appropriate
market structure to sell his produce at fair prices.
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Anotacija

Paaugstinoties iedzivotaju ienakumiem, pieaug prasibas partikas kvalitatei, kas miisdienas biitiski ietekmé
lauksaimniecibas produktu tirgu. Pieaugosais pieprasijums péc ta sauktajiem biologiski audzétajiem produktiem
atspogujo iedzivotdju mainigo attieksmi pret partiku. No otras puses, globalizacija un starptautiska tirdznieciba ir
Joti paplaSinajusi partikas sortimentu un ari daZadojusi tas kvalitates izvéli. Tacu ari terminam “kvalitate” var biit
daZada jéga —-ar to apzimé vértibu, kas noteiktam partikas produktam ir dota, balstoties uz subjektivu un objektivu
novértejumu. Méslo3anas lidzekju balanséta pielietoSana uzlabo zemnieka konkurétspéju tirgii un paaugstina vipa
iepémumus. Zemnieks var ari apliecinat sava raZota produkta kvalitati un izcelsmi. “Caurspidigas” raZoSanas
demonstréjums vipam var sniegt papildus prieksrocibas partikas tirgii.
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The efficiency of new types of potassium and complex fertilizers
on sod-podzolic sandy soil
Jaunu kalija un komplekso mineralmeslu veidu efektivitate
velénu podzolétajas smilts augsnes

TIossif Bogdevitch, Galina Pirogovskaya, Viktor Soroko
Belorussian Research Institute for Soil Science and Agrochemistry, e-mail: brissa@mail.belpak.by

Abstract. The efficiency of standard and slow-acting potassium and complex NPK fertilizers for different
agricultural crops was studied in long-term field and lysimeter experiments on sod-podzolic sandy soils of
Belarus. The new types of fertilizers showed their advantage over standard fertilizers. Application of the new
forms of fertilizers resulted in the increase of crop yields and allowed to reduce the losses of nutrients

leached from light-textured soil.

Key words: slow-acting fertilizers, biological amendments, sandy soil, yield, losses of nutrients.

Introduction

Light-textured soils are prevailing in Belarus. The
soils classified as very light-textured (sandy) cover
20.1% of arable land, light-textured (loamy sand) -
48.5%, medium and heavy —25.7%. In Belarus, light-
textured soils are predominantly poor in organic
colloids, they have a low water retention capacity and a
naturally low nutrient content. Sandy soils are
characterized by a relatively low total K,O content (1-
1.7%) and its exchangeable forms (0.8% from the total
content). The efficiency of K fertilizer is significantly
reduced due to high annual leaching losses of potasstum
that reach onaverage 29 kg K O per hectare on sandy
soil. Soil phosphorus reserve is about 0.11-0.17% from
its total mass.

The improvement of soil fertility status requires
long-term application of animal manure, green manure,
fertilizers and lime. Consumption of fertilizers and
productivity of agricultural land have remarkably
declined for the last years during the transition to market
economy. Continued application of insufficient fertilizer
rates disturbs the nutrient balance and leads to depletion
of the soil potassium and phosphorus reserves as well
as to poor utilization of nitrogen fertilizer. Development
of slow-acting potassium fertilizers was suggested as
one of methods to increase the K fertilizer efficiency.

Material and methods

New forms of slow-acting fertilizers with different
modifying components in “soil-fertilizer-plant” system,
lysimeter’s Solution and plant production were the
objectives of the present research. Field experiments
with new types of fertilizers were carried out on sod-
podzolic sandy soil developed on consolidated sand
and underlaying loose sand at the depth of 0.3 m.
Agrochemical parameters: pHKCI - 5.6; humus ~

1.31%; total clay content — 2.9%; mobile P,O; — 237
and K,O - 125 mg kg'. First crop rotation: legume-
grass (1991-1992), winter rye +oil radish (1992-1993),
potato (1993-1994), barley+oil radish (1994-1995),
oat+white mustard (1995-1996). Second crop rotation:
pea-oat mixture (1996-1997), winter rye+lupine
(1997-1998), potato (1998-1999), barley-+oil radish
(1999-2000), and oat (2000-2001).

Several types of tested slow-acting fertilizers —
potassium chloride with biologically active organic
amendments, plant growth regulator “Epin,” micro-
elements (Cu or Zn) — were used. Complex NPK
fertilizers with different nutrient ratios and with plant
growth regulators were developed from peat or from
buckwheat husks (patent RB 1291, 3905). The slow-
acting fertilizers were compared with standard ones
produced in Belarus. Fertilizer response was studied
basing on conventional management technology for
sandy soils, i.e. farmyard manure (7-14 t ha'), green
manure (intermediate crops after cereal harvest),
liming, and integrated plant protection system.

Results and discussion

Application of potassium fertilizers in complex with
NP supply is known to be effective for the development
of the fertility status of sod-podzolic soils. Potassium
fertilization is effective for light-textured soils
characterized by a low clay and humus content and also
because of a very low level of K fixation in soil.
Agrochemical investigations carried out in 1997-2000
revealed that 13.7% of arable land have a very low and
low (27.9%) content of available potassium. As for
phosphorus, 43.5% of soils are characterized by a very
low and low mobile phosphorus content.

Extensive experimental information is available
about the efficiency of standard potassium fertilizer for
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main varieties of sod-podzolic soils and for different
agricultural crops (Coxkousos, 1968; Kynakosckasi,
1978; Ilpokomes, Bormesnu, 1994; Ilpokomes,
Heprorun, 2000). Many researchers have recently
focused their attention to the method for promoting
fertilizer efficiency through development of slow-acting
fertilizer forms (Moxeiiko u a1p., 1977; JIsickoBckuit,
1989; Laiche, 1996; ITuporosckas, 2000).

In long-term field experiments, new forms of K
fertilizer with balanced NP fertilization have shown
their advantage over standard K fertilizer. Application
of slow-acting potassium fertilizers with plant growth
regulators (hydrohumate, phenomelane, maltamin,
epin) during two crop rotations provided the increase
of annual crop productivity by 0.5 t ha'! feed units (f.u.),
compared with standard fertilizer (4.4 t ha'' f.u.). The
yield response per 1 kg K,O of slow-acting fertilizer
reached 6.6 feed units while standard fertilizer response
was roughly twice lower, 2.9 f.u. (Table 1).

The use of slow-acting K fertilizer led to the
increase of winter rye yield by 0.2 t ha”', barley and
oats —by 0.2, potato— by 1.8, annual grasses — by 4.9
tha''. Average levels of the total crop response as a
result of slow-acting K fertilizer application,
compared with standard K fertilizer, were within
range of 8-29% (Fig. 1).

The nutrient losses were studied in long-term
lysimeter experiments. Experimental data showed
intensive leaching of nutrients on sod-podzolic sandy
soil. A significant reduction (27-30%) in potassium
losses was observed due to application of a slow-acting
form of K fertilizer as compared with standard ones.
An increase in potassium losses was observed when
higher K fertilizer rates were applied. The humus and
nitrogen leaching tended to decrease when slow-acting
K fertilizer was applied (Fig. 2).

Balanced fertilization is the most important
prerequisite for sustainable agriculture. For the last
decade, several new types of complex NPK fertilizers
with different N:P:K ratios have been developed. These
new types of fertilizers contain amendments and one of
the plant growth regulators — “Hydrohumate,”
“Oxyhumate” or “Phenomelane”.

The Gomel chemical plant now produces several
types of complex slow-acting fertilizers with
N:P,0,K,O ratio 16:12:20 (for spring cereals and
potato) and N:P,O:K O ratio 5:16:35 (for winter
cereals).

The use of new forms of complex fertilizers with
biological additives resulted in the increase of annual
crop rotation productivity by 0.7 t ha feed units on
sod-podzolic sandy soil. The yield response per 1 kg

Table |
Efficiency of the new forms of K fertilizers in two crop rotations (1991-2000)
Annual Response, tha fu. Response,
Treatment* Drodutlztivitv. to to standard fu. per
tha fu. control fertilizer 1 kg of KO
Control 2.7 - — -
(N10sPes 4.0 1.3 - -
Kiag ¢ + NP 4.4 1.7 - 2.9
Kjz6 0 + NP 4.9 22 0.5 6.6
LSDoos 0.31
* —here and afterwards K - standard fertilizers, and K - slow-acting fertilizers.
O Standard B Slow-acting 21.7
140 tha-1_
120 <o ben ot O oo 220 23.4
1,7 1,8 2,0 21,6
100
80
X
60
40
20
0 L] L] T

Barley Oat Winter rye

Potato Forage beet

Annual grasses

Fig. 1. Influence of slow-acting K fertilizers on the yield of main crops, t ha™.
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losses kg/ha

K90st a0 s; e 4 K20
K150 st K150 sa
Fig. 2. Leaching of nutrients at different forms and rates of
K fertilizer application on sandy soil (lysimeter depth 0-80 cm, 1990-1996).

Table 2
Efficiency of the new forms of NPK fertilizers in crop rotations (1991-2000)

Annual Response, t ha fu. Response,

Treatment | productivity, i trol | 1© standard | f.u. per
tha” fu. |0 fetilizer |1 ke of NPK

Nj04PssK 36 (for main+tintermediate crops)

Control Z27 - — -
NPK 4 4.6 1.9 ~ 6.2
NPK o, 5.3 2.6 0.7 8.4
LSDg s 0.31
140
2,2
120 24 e %) 23,5
22 1.8 2,5 44,8
100
80
X
60
40
20
0 Ll Ll — Ll
Barley Oat Winter rye Forage beet

O Standard B Slow-acting

Fig. 3. Efficiency of slow-acting NPK fertilizers to agricultural crops on sandy soil (1997-2001).

NPK of slow-acting fertilizer was increased by 2.2f.u.  to be 2 kg of grain higher than that of standard NPK
compared with standard fertilizers (Table 2). fertilizer. Application of complex slow-acting fertilizer
Complex fertilizer 5-16-35 with “Hydrohumate”  with “Phenomelane” 16-12-20 led to the increase of
proved to be effective for fertilization of winterryeand ~ barley and oat grain yields by 0.2-0.4 t ha™, potato yield
winter triticale on sod-podzolic sandy soil. The grain  —by2.3 tha®, and forage beet—by 5.4 t ha' (Fig. 3).
yield response per 1kg of slow-acting NPK was found The yield response per 1 kg of NPK of slow-acting
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Fig. 4. Nutrient losses on sandy soil (lysimeter depth 100 cm, 1987-1990).

Table 3
Influence of the new forms of slow-acting fertilizers on crop yield quality
K with NP NPK
Parameters Crop Ka Ksa | response due | NPK« | NPKsa | response due
to Ks, % to NPKs, %
Nitrates Potato 91 80 —-12 107 79 —26
mg kg~ Fodderbeet | 365 | 274 -19 2443 | 1913 22
| Starch, % Potato 134 | 14.] +0.7 15.1 | 16.0 +0.9
Protein yield, | Winter 454 499 +10 405 463 +14
kg ha wheat
Winter rye 151 174 +15 150 171 +14

NPK was higher as compared with standard fertilizer
(by 2.5 kg of grain, or 8 kg of potato, or 44 kg of forage
beet).

The advantage of the new complex fertilizer types is
their ability to reduce the nutrient losses. A significant
decrease in the leaching of main nutrients with
infiltration rainfall was observed in lysimeter
experiment (Fig. 4).

The new forms of potassium and complex slow-
acting fertilizers also demonstrated a positive effect on
the cropyield quality (Table 3).

Due to application of slow-acting fertilizers, the
content of nitrates in potato tubers was reduced by 12-
26%, in forage beet— by 19-22%. The starch content in
potato tubers was 0.7-0.9% higher at treatments with
new fertilizer forms. For grain crops, slow-acting
fertilizers affected the proteinyield. A 10-15% increase
in protein yield was found for grain crops. The protein
content reached 20% in annual grasses as a result of
introduction of slow-acting fertilizers.

Conclusion

The new forms of slow-acting K and NPK fertilizers
showed their advantage over standard fertilizers on sod-
podzolic sandy soil. Crop responses per 1kg of nutrients
of the new fertilizer forms were 30-50% higher, but
nutrient losses with infiltration waters were significantly
lower compared with the application of standard

LLU Raksti 8 (303), 2003; 8-12

fertilizers. Application of new fertilizer forms also
favored the improvement of cropyield quality (increase
of the protein content in grain and starch content in
potato tubers).
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Anotacija
Stacionaros lauka izméginajumos un, izmantojot lizimetrus, pétita parasto un lénas iedarbibas méslosanas
lidzeklu ietekme uz daZadu kultiiraugu razu un atseviskiem tas kvalitates raditajiem. Pétita ari N, K, Ca un Mg
izskaloSanas no augsnes. Jaunie I€nas iedarbibas méslosanas lidzekli nodrosinaja augstaku kultiiraugu rau,
labakus tas kvalitates raditajus un samazinaja augu baribas elementu zudumus augsné.
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Fertilizer recommendations to meet objectives for
Good Agricultural Practice approach
Meslosanas rekomendaciju modelis, kas nodroSina
Labas Lauksaimniecibas prakses noteikumu izpildi

Aldis Karklins
Department of Soil Science and Agrochemistry, LLU, e-mail: karklins@]atnet.lv

Abstract. A new relatively simple fertilizer recommendation model is proposed which could be used for fertilizer
planning and follows the principles of the Code of Good Agricultural Practice. The need for a rather simple and
easy performable fertilizer planning scheme is actual at present and will remain such also in the near future when
fulfillment of EU Directives 91/676— Nitrate Directive and 2000/60 — Water Policy will take place in Latvia.
Key words: fertilizer recommendations, Code of Good Agricultural Practice.

Introduction

Plant nutrient management for economically and
environmentally reasonable and balanced crop
production is a motto for many researchers. Adminis-
tration of farming activities, especially in so-called
vulnerable zones, becomes stricter and more important
in order to reduce the nutrient loads in the environment.
Code of Good Agricultural Practice (Codeof .. ., 1999)
encourages farmers and their advisors to adopt new
methods of fertilizer planning, plant nutrient balance
calculation and environmental risk assessment.
Therefore, despite the great number of recommendation
systems, optimization models and other methods
developed, the need for comparatively simple and locally
well-functioning and adopted method is still valid.

There are at least three main objectives for fertilizer
planning in the modern context of sustainable
agriculture:

1. to follow administrative demands,

2. to realize principles of Good Agricultural
Practice,

3. to provide economically reasonable crop
production.

One example for the actual need of a relatively
simple and easy performable fertilizer planning scheme
is fulfillment of European Union Directives 91/676 —
Nitrate Directive and 2000/60 - Water Policy (Directive
2000/60/EC..., 2000) in Latvia. These actions
primarily will be binding for farmers located in the
vulnerable zones, which already are designed in Latvia,
and also —for others who wish to make fertilizer plans
as a tool for the improvement of farm management.
Therefore, in the nearest future, for many farmers these
calculations will be necessary as annual routine, but for
administrators - to make evaluation of farm
management including fertilizer planning in respect of
how environment regulations are followed. Calculation
results are also important for reporting on agro-
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environmental indicators of Latvian agriculture to
international institutions. This is a simple method, which
might be realized using computer program or manually,
a possibility for farmers to follow all steps in calculations
and change the input values to get the optimal final
result in terms of cutting fertilization costs and
maximizing economic returns.

Traditionally, several fertilizer recommendation
schemes have been developed and used in Latvia. More
popular have been “Augsne —~raza” (Daiga et al., 1990)
for field crops and “Method of plant nutrition
optimization” mainly used for crops grown in green-
houses as well as for horticulture (Purbkuc et al., 1989).
Despite the great job invested into development of these
systems and the long period of their successful practical
use, they do not fit into the framework of the modern
concept of sustainable agriculture where environmental
awareness, protection and conservation are adominating
priority. Based on that, a number of EU directives,
international agreements, guidelines and other relevant
documents have been developed (Archer, Marks, 2001;
Jakobsson, 2001; Sandstrom, 2002; Thyssen, 1998,
2001). These requirements are already included into
the recent Latvian legislative acts and are in the
implementation stage (Noteikumi par ...,2001; Udens
apsaimnieko$anas likums, 2002).

Previous recommendation systems can not provide
adequate know-how support and their algorithms
mainly can not be readjusted for this need. A similar
problem is experienced in a number of countries and
therefore intensive research and development is going
on to tailor new requirements into the modern fertilizer
recommendation systems (Aarts, 2000; Bujnovsky et
al., 2000; Bujnovsky, Fotyma, 2001; Fotyma & Fotyma,
2001; Klir, 2001; MacKenzie, 2001; Shepard, 2002).
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Crop nutrient
requirement

Plant available
nutrients in soil

NPK in manure

NPK from
pre-crop

+

PK for soil
improvement

Plant nutrients applied by commercial fertilizers — fertilizer requirement

Fig. 1. The general layout of fertilizer recommendation system.

Material and methods

The logistics of the proposed fertilizer recom-
mendation model is its use for fertilizer planning in
accordance with the principles of the Code of Good
Agricultural Practice. Recommendation scheme
includes several steps. (1) To evaluate growing
conditions — screening of soil parameters and giving
advice to farmers about the possibility to grow a certain
crop and obtain the selected yield goal. (2) Crop nutrient
requirement — determination of NPK requirement for
each crop commercially grown in Latvia, based on the
selected yield level and PK status in soil. (3) Plant
nutrient adjustment based on a) manure, applied for
current crop and/or pre—crop, b) pre~crop effect to
provide some extra nutrients for the current crop and,
¢) green manure as nutrient source. (4) Actual plant
nutrient need which should be covered by commercial
(mineral) fertilizers. (5) Selection of agronomically and
economically most useful commercial fertilizer.
Figure 1 illustrates the general layout of
recommendation scheme and the main steps of
calculation.

Results and discussion

The presented scheme is quite traditional and is
used in many fertilization recommendation systems
worldwide. Still, it might be under interest at least for
the following reasons. It is simple and easy under-
standable which in this case is important priority, as
many farmers will be obliged to make annual routine
calculations. It uses a number of reference values, e.g.
plant nutrient removal by yield, manure composition
calculation values, etc., which are developed using some
international standards and also applied for
environmental risk assessment. Therefore, unification

14

of calculation methods, reference values and data
interpretation becomes very important in this context.
Unification causes also some negative aspects. It is
extremely difficult to quantify different crops’ growing
factors and make a reasonable compromise between
very detailed datasets, supposed to reflect the local
conditions and rather simple unified reference data even
for a small country like Latvia. The possible solution is
to make them well-explained and consider that they
might be easily changed during calculations, if more
reliable local information is available.
Recommendation systems always contain some risk
aspect: will all the objectives be reached if somebody is
strictly following the given advice? For this situation —
will high and economically reasonable yields always be
obtainable if all administrative rules and Good
Agricultural Practice advices are strictly followed, even
if the weather conditions are not the best and soil fertility
is not within the range of optimum. Obviously, the
system should be flexible and stated limitations, e.g.
maximum allowable fertilizer rates, time limits of their
application, minimum nitrogen apparent recovery etc.,
reasonable. Well-defined and explained reference values
may facilitate their reasonable modifications during the
process of calculation to get the best final version. This
approach will stimulate the need for real input data,
which are relevant to the certain farm, e.g, soil testing
results, manure composition, field history data, etc.
This recommendation scheme does not contain
such details as nutrient requirement differentiation
based on the crop’s variety, targeted quality standards,
specifications of fertilizer application technology,
adjustments of the soil organic matter and crop residues
mineralization, etc. Recognizing the importance of
these factors, we should accept that they will substantially
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complicate the whole system and limit its wide use, for
which in this case preference is given. But it is surely
possible to use such adjustments as an extracomponent
to the proposed general framework.

Besides, presently proposed scheme does not
include regional differentiation of reference values used
for calculation. The assumption was that for such asmall
country like Latvia it is not so important due to the
more or less similar meteorological conditions for all
territory. Of course, this is another approximation used
exclusively for simplification of the recommendation
system. Further development and enlargement of the
proposed scheme based onrelevant research data, which
reflect the regional (local) individuality, is highly

desirable.

The recommendationsystem is designed forall field
crops commercially grown in Latvia. For practical
calculations, several data sets are necessary. The first
one, growing conditions, is a criterion to evaluate soil
suitability for the selected crop to avoid miscalculations.
Example of this data set is given in Table 1.The next
data set consists of series of tables developed for each
crop (example is not represented). It shows the crop
nutrient requirement depending on yield goal, the plant
available phosphorus and potassium sufficiency level,
assumptive plant nutrient removal from soil and
expected NPK balance. Actually, these are most
important tables, which are developed to calculate the

Table 1
Crops’ growing conditions (example)
Code Crop Limitation factor | Units of measurement |Min. value| Max. value
1 [Winter wheat | Physical clay content % 11 80
pHKCI - 5.8 8.0
Organic matter % 1.8 10
P,0; in soil mg kg™ 50 999
K20 in soil mg kg’ 80 999
Table 2
Draft manure normative for Latvia (per one animal after storage)
Housing Manure Tons Dry Content. kg per ton of manure |
system type per year | matter, % N P,0s K;0
Slaughter pig, 20-100 kg live weight
Slurry
Slotted floor washing 8.7 3 1.2 0.6 1
periodical flush 3.4 6 2.7 1.6 3.8
Solid floor Slurry 3.6 6 3.3 1.6 2.8
Solid manure 2.6 20 5.7 3.2 6
Table 3
Plant nutrient utilization from manure in the first year (under current crop)
and in the 2nd year (1st year aftereffect) in % from the amount applied
Type |Year Soil texture
of of Clay Loam Sandy loam Sand Peat
MAUre | use | N |P,0s|K;0| N | P,0s |K;0| N [P;0s|K:0| N [P,0s|K;0| N |P,05|K;0
FYM, | * |17 |21 |33 [17| 26 |36 |19|26 |40 |17 |32 |45 | 10|26 | 36
cows,pigs | ** | 10 | 11 [ 29 | 10 11 24 | 8 [ 11 | 19| 4 5 171 6 5 17
Poultry | * |22 |32 |39 (23| 35 (44 |26 |38 |48 |26 |38 |51 |18 |27 | 33
manure | xx | 12 | 14 | 22 | 9 13 18 | 7 | 10 | 15 5 7 10 ) 15 | 21 | 28
Slunil, * 141 | 44 | 40 | 44 | 44 44 (44 | 53 | 49 | 44| 53 | 53 | 33 | 35 | 31
COWS,DIgS | ** | 15 | 26 | 27 | 8 26 27 1 4 |18 122 | 4 17 | 18 | 19 | 26 | 22
Urine,pigs| * |50 | - |59 [56| - |65[61] - [69]61]| - |69]44] - |50
Urinecows| + | 2o | . |24 (24 - [26[27] - [28[2a] - [2812 ] - [20
* - under current crop
** — 1st year aftereffect
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Table 4
Pre-crop and green manure effect, nutrient supply, kg ha!

Pre-crop effect Green manure
Crops N P,0s K;0 N | Pos [ K0
Cereals 0 0 0 Green manure, legumes
Pea 15 0 0 1st year effect 40 10 20
Potatoes 10 0 5 2nd year effect 20 0 10
Rape 10 0 0 Green manure, non-legumes
Clover 20 5 10 [Istyeareffect | 15 10 20
Alfalfa 30 10 15 2nd vear effect 0 0 10
Grasses 10 0 10
|Sugar beet 10 10 20

plant nutrient requirement, soil nutrient supply, PK
necessary for soil improvement (if nutrient levels are
very low or low), NPK removal with planned yield and
its balance. As each of these tables contain some
additional information in the form of short comments,
they quite well could be used even without other data

sets for asimple and fast fertilizer lanning or reference.
The last pset of tables is devgted to the so-called

corrective factors, quantifying the amount of NPK
which is available for the current crop but comes from
other sources than soil and fertilizers. These sources
might be manure applied to the crop directly or some
years before, green manure, as well as pre-crop effect.

Information about plant nutrients supplied by
manure is taken from so-called normative tables
developed for multi-purpose needs (the NPK balance
and manure value calculations, environment risk
assessment). Example is given in Table 2. This table is
joined with another (Table 3), where plant nutrient
utilization from different types of manure in the first
year (under the current crop) and in the second year
(1styear aftereffect) based on soil texture, is given.

NPK supply from pre-crop and green manure
incorporated directly before the current crop or one
year before is given in Table 4. These values are
supposed to be available for the current crop and
therefore fertilizer need can be diminished. Final result
is supposed to be the fertilizer requirement —amount
of NPK recommended to apply with commercial
fertilizers. Recommendation system also includes data
set with all kinds of fertilizers available in Latvia, their
composition and possible (expected) selling price.
Therefore their selection could be performed basing
on agronomical and economical considerations, as well
as eventual fertilization costs might be calculated.

Additionally to fertilizing costs, plant nutrient
balance is calculated to show the farmer the possible
fertilization effect onsoil and environment. Unbalanced
fertilizer use still is a problem for many farmers.
Tendency for fast and short-term economic returns is a
reason to give preference to nitrogen application even
beyond the agronomically and ecologically reasonable
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level. At the same time, saving on phosphorus and
potassium supply leads to soil fertility decline and forms
crop-growing environment not sustainable for obtaining
high yield potential in the future.

Conclusion

Expected advantages of the proposed method are
simple logistics and possibility of easy change of the
reference values if new or more detailed information is
available. Together with rather high reliability of output
data, this will stimulate its wide application for routine
calculations.
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Anotacija
Ieteiktajam modelim raksturiga vienkarsiba, kas ir noteico3a ta pladai pielieto§anai méslo§anas planosanai
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The effect of K fertilizers on different levels of
sod-podzolic loamy sand soil supply with exchangeable potassium
Kalija mésloSanas lidzeklu efektivitéte velenu podzolétaja smilts augsné ar
atSkirigu apmainas kalija nodrosinajumu

Yossif Bogdevitch, Lilia Achkouskaya, Galina Kalenik, Yuri Konashenko
Belorussian Research Institute for Soil Science and Agrochemistry,
e-mail: brissa@mail.belpak.by

Abstract. The effect of soil K supply and K fertilization on the crop yields and quality as a result of three crop
rotation field experiments on sod-podzolic loamy sand soil is presented. The efficiency of potassium fertilizer
rates was remarkably dependent on soil K supply level. An optimal potassium content in soil (K,0) was found
within the range of 168-248 mg kg™ and the highest net return provided the application of 60-90 kg ha'! of K, 0.

Key words: K in soil, K fertilizers, K content in plants.

Introduction

In Belarus, consumption of fertilizers and produc-
tivity of agricultural land have declined during the last
years. The results of soil tests indicated a decrease in
exchangeable potassium and other nutrients. Itis very
important to prevent soil fertility and crop production
from decline. Development of K fertilizer recommen-
dations requires knowledge of soil~plant response to
fertilizer input considering specific management
conditions at farm level. Long-term experiments
provide basic data for economical and ecological
optimization of soil K status and fertilizer rates. The
research objectives were to determine the optimal
potassium content in sod-podzolic loamy sand soil and
to find effective K fertilizer rates.

Material and methods

A long-term field experiment was carried out on
sod-podzolic loamy sand soil (Eutric Podzoluvisols,
FAO Legend, 1990) at the state farm “Druzhba,” Minsk
region. The soil was characterized by favorable
agrochemical parameters: pHKCl - 6.0-6.2, mobile
P,O; content (Kirsanov method - 0.2 M HC) - 300-
350 mg kg, humus — 2.5%, exchangeable calcium —
800-850 mg kg, exchangeable magnesium — 140-150
mgkg’.

Four levels of soil exchangeable potassium supply
were prepared: 1st level — about 100, 2nd - 200, 3rd —
300, and 4th—400 K,O mgkg?. Preliminary application
of increasing potassium fertilizer rates (KCl) was used
to establish potassium levels at the depth of ploughing
layer. Several corrections in soil potassium levels (once
per rotation) were performed during the investigation
period.

The treatments included two factors: K content in
soil, and use of K fertilizers. Five treatments were
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established for each prepared soil K level. N rates varied
depending on the crops, but P fertilizer rate was 60 kg
ha’' P,O;. Application of K fertilizers: 60 (K ), 90 (K,),
120 (K,) kg ha of K,O. Crop rotation: maize, barley,
legumes for green mass, winter rye, and oat. For maize,
60 t ha'! of farmyard manure was applied.

In 2001, soil mobile potassium content was: 1st
level — 114, 2nd 208, 3rd — 288, and 4th level — 436
mg kg K,O. These levels were characterized by
following ratios of exchangeable cations - K/(Ca+Mg):
1stlevel - 0.05,2nd - 0.07, 3rd - 0.14, and 4th - 0.18.

Following soil potassium forms were studied:
mobile (Kirsanov method - 0.2M HCl), water soluble
and exchangeable (Maslova method - 1M
CH,COONH,), non-exchangeable (Ptchelkin method
-2M HCI) (TTuenxun, 1966).

Results and discussion

"Two years after the last correction of the formed
levels, asignificant reduction in K content was observed
only at the fourth K supply level - from 251 t0 227 mg
kg'. Variations in mobile potassium content at first,
second and third levels were insignificant (Table 1).
Saturation of soil with potassium resulted in increase
of water soluble, exchangeable and non-exchangeable
K forms. In 1998, correction of potassium content levels
led to the increase of water soluble and exchangeable K
fractions for all studied levels: 1st level — 36 and 120,
2nd-57 and 208, 3rd - 57 and 219, and 4th level - 71
and 300 mg kg?, respectively. There was an increase in
non-exchangeable potassium content at the 1st and 2nd
supply levels. Two years after the correction, a reduction
of water soluble and exchangeable fractions of
potassium was observed. A considerable reduction of
non-exchangeable K was observed only at the 1st and
2nd established levels, but for mobile potassium —
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throughout the whole experiment.

In 2001, potassium content at all studied levels
agreed well with the experiment plan. The correction
of K supply and application of organic fertilizer caused
a rise in water soluble and exchangeable potassium
content at the 2nd level - 33 and 210 mg kg™, 3rd level
— 52 and 374, 4th level — 108 and 444 mg kg'. A
considerable increase of non-exchangeable potassium
concentration at 2nd and 3rd levels of K supply was
observed.

Average croprotation productivity was signif-icantly
increased only at the 2nd level of K supply (168-248
mg of K,O kg'') (Table 2). Further increase in mobile
potassium content insoil did not provide arise in crop
productivity and reduced the efficiency of fertilizer
application. The average annual crop rotation
productivity tended to decrease by 0.03-0.29 t ha''feed
units at the 3rd K content level in soil. The same
tendency was observed at the 4th level of potassium
supply. Potassium fertilizer rates within 60 and 90 kg
ha! provided the highest response at the 2nd soil K
supply level, on average for three rotations 6.2-6.6 feed
units per 1 kg of KO applied.

The influence of increasing soil K supply and
potassium fertilizer rates on K content in plants and on
K/(Ca+Mg) ratio is of prior importance to evaluate
the yield quality as forage (Masaesa, Heyromosa,

Jlammuna, 1981; He6oascun, He6onbcuna,
Sxosnesa, 2001). K uptake by maize was dependent
on the level of soil supply with potassium. The increase
of K content in soil and higher rates of potassium
fertilizers resulted in a rise of ratio K/(Ca+Mg) in the
green mass of maize, which did not exceed 2.2 for all
studied levels of soil potassium content (Table 3). The
content of potassium and other nutrients varied
insignificantly in the grain of rye, barley and oat.
However, a significant rise in potassium uptake by the
straw of cereals was found. Potassium content in barley
straw reached 1.40-1.60% at the 1st level and 1.90-
2.40% at the 4th level; in oat straw — 1.02-1.58% and
1.26-1.87%, respectively (Table 3).

Asaresult of the increase of potassium concentration
insoil and higher K fertilizer rates, K/(Ca+Mg) ratio
in barley straw increased from 1.87-2.25 at the 1st level
to 1.94-2.50 at the 2nd, and to0 2.42-2.70 at the 4th level
of potassium supply. The least negative effect on K/
(Ca+Mg) ratio provided the lowest rate of K fertilizer
(60kg ha™"). For oat straw, the same tendency was found
for the variation of K/(Ca+Mg) ratio. Due to application
of 120 kg ha! K,O at a high soil K supply (204-436 mg
K,0 kg"), K/(Ca+Mg) ratio exceeded the permitted
value for the green mass of legume (2.2). Potassium
content in green mass varied from 1.93-2.27% at the
1stlevel to 3.29-3.69% at the 4th. At the second studied

Table 1
Dynamics of potassium forms in arable layer of sod-podzolic loamy sand soil
K supply 1996 1998 2000 2001
levels
Mobile potassium, mg kg
| 86 113 111 114
11 118 172 167 208
I 152 204 203 288
v 176 251 227 432
LSDos 9 13 12 23
Water soluble potassium, mg kg’
1 24 36 19 21
I1 48 57 27 33
111 37 57 29 52
v 42 71 41 108
LSDys 2 4 2 6
Exchangeable potassium minus water soluble, mg kg (Maslova method)
1 86 120 121 119
II 124 208 162 210
I 133 219 222 374
IV 159 300 242 444
LSDgs 10 18 15 27
. Non-exchangeable potassium, mg k: Eh (Ptchelkin method)
| 152 170 102 188
1T 191 205 156 305
III 215 216 219 512
vV 208 215 204 549
LSDgs 13 13 13 31
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Average annual productivity of crop rotations
depending on K supply levels and K fertilizer rates

Table 2

Yield, tha fu. (feed units) Crop response, f.u.
Treatment to K soil levels, | per 1 kg
1986-1990 | 1991-1995 | 1996-2000 | average tha! of K:0
1st level of soil K;0 supply (95-111 mg kg™
NP-background 4.29 3.36 4.70 4.12 - =
Background + Kgg 4.75 3.60 5.12 4.49 - 6.2
Background + Kgg 4.94 3.86 5.24 4.68 - 6.2
Background + K30 5.03 4.16 5.38 4.86 - 6.1
2nd level of soil K;O supply (168-248 mg kg’
NP-background 5.39 4.60 5.44 5.14 1.02 -
Background + Kgp 5.90 4.99 5.78 5.56 1.07 6.9
Background + Koo 6.21 4.93 6.06 5.73 1.05 6.6
Background + K20 5.77 4.66 5.87 5.43 0.57 2.4
3rd level of soil K;0 supply (203-356 mg kg™
NP-background 5.47 4.41 5.46 5.11 —0.03 a
Background + Ko 5.72 4.68 5.75 5.38 —0.18 4.6
Background + Kog 5.94 4.61 5.78 5.44 —0.29 3.7
Background + K20 5.69 4.50 5.56 5.25 —0.18 1.2
4th level of soil K20 supply (227-470 mg kg™
NP-background 5.39 4.24 5.36 5.00 -0.11 =
Background + Kso 5.43 4.39 5.60 5.14 -0.24 25
Background + Kog 5.63 4.25 5.50 5.13 —0.31 1.4
Background + K20 5.54 4.08 5.46 5.03 —0.22 0.2
LSDgs — K levels 0.50 0.33 0.27 0.40 - =
LSDys — K treatments 0.42 0.44 0.31 0.36 - =
Table 3
The influence of soil potassium supply on K content and
ratio K/(Ca+Mg) in the straw and green mass of crops
Straw Green mass
Treatment barley oat maize legume grass
K. % | K/(Ca+Mg) | K. % [ K/(Ca+Mg) | K. % | K/(CatMg) | K. % |K/(Ca+M
103-114 mg K,0 kg’
INP-background 1.40 1.87 1.02 1.19 1.30 1.12 1.93 1.14
NP + Kgo 1.70 2.03 1.10 1.32 1.47 1.19 1.98 1.17
INP + Koo 1.50 1.85 1.14 1.80 1.54 1.36 2.17 1.56
INP + K20 1.60 2.25 1.58 1.63 1.63 1.58 2.27 1.34
172-208 mg K20 kg™
INP-background 1.60 1.94 1.08 1.30 1.86 1.51 2:57 1.53
NP + Kgo 1.60 2.00 1.30 1.50 1.80 1.57 2.96 1.76
P+ Ko 1.80 2,17 1.47 1.80 1.59 1.38 2.92 1.74
INP + K20 1.80 2.50 1.59 1.91 1.85 1.98 3.16 1.90
204-288 mg K»0 kg’
INP-background 2.10 2.74 1.20 1.49 1.71 1.58 291 1.50
INP + Ko 1.70 2.19 1.49 1.74 1.82 1.31 3.54 2.13
INP + Kop 2.00 223 1.54 1.73 1.93 1.55 3.61 2.20
NP + K20 2.30 2.71 1.73 2.12 2.00 1.65 3.65 2.22
251-436 mg K;0 kg''
INP-background 1.90 2.63 1.26 1.57 1.80 1.60 3.29 2.00
INP + Keg 2.00 2.70 1.63 1.85 2.00 1.54 3.57 2.18
INP + Koo 2.10 2.68 1.86 2.08 1.96 1.72 3.64 2.18
+ K20 2.40 2.42 1.87 1.86 2.06 1.78 3.69 221
ILSDgs - K levels 0.17 8 0.13 - 0.12 - 0.25 -
LSDgs - K treatments| 0.16 = 0.12 - 0.10 i 0.23 =
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soil K level, K/(Ca+Mg) ratio in green mass was not
higher than 2.2. There were no significant differences
in protein content in the barley, oat and winter rye grain
as a result of K soil supply increase from 103 mg kg
up to the optimal level.

Conclusion

The efficiency of potassium fertilizer rates was
strongly dependent on soil K supply levels during three
crop rotations. An optimal potassium content in sod-
podzolic loamy sand soil (K,0) was found within the
range of 168-248 mg kg, where highest crop yields
and highest crop response to K fertilizer at rates of
60-90kg of K,O ha" were observed.

No ssignificant changes were observed in K content
in cereal grain due to saturation of soil by potassium.
However, areliable increase in K concentration in straw
and rise in ratio K/(Ca+Mg) were found. The ratio
K/(Ca+Mg), which is a quality parameter for tested

crops, was within permitted limits at low and optimal
(second) levels of K soil supply with moderate rates of
60-90 kg K,O ha'’.

Itis evident that K fertilizer is essential to increase
crop yields in Belarus. Experimental results are
suggested as useful for selecting optimal K fertilizer
rates.
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Anotacija
Pétijumi veikti augseka, aptverot tris rotacijas. Noskaidrots, ka par vélamo apmaipas kalija saturu $§adas
augsnés var uzskatit 168-248 mgkg' K O. Sada situacija, ar méslosanas lidzek]iem pielietojot 60-90kg ha* K, O,
iespéjams ieglt augstas kultiiraugu raZas un augstu atdevi no iestradata méslojuma. Graudaugiem kalija méslo$anas
lidzeklu lietoSana nemainija ta saturu graudos, bet salmos — ta daudzums augstas méslojuma devas palielinajas,

vienlaicigi izmainot ari K/(Ca+Mg) attiecibu.
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The effect of mineral fertilizing and liming on soil phosphorus regime
Méslosanas Iidzeklu un kalkosanas ietekme fosfora reiimu angsné

Liudmila Tripolskaja, Saulius Marcinkonis
Lithuanian Institute of Agriculture, Voke Branch,
e-mail: liudmila.tripolskaja@voke.lzi.It; smarcinkonis@takas.lt

Abstract. The long-term soil liming experiments on very acid automorphic loamy sand soil (Dystric Cambisol,
WRB 1998) were started in Eastern Lithuania in 1972 and 1984. The aim of the study was to establish the effect
of liming on the total amount of available soil phosphorus, changes in the form and distribution of mineral
fractions of phosphates. Observations showed that in the system of excessive fertilizing with mineral phosphorus,
available P,O, increased by 80 mg kg of soil compared with unfertilized soil. It suggests that almost 50% of
applied phosphorus was transformed into soluble forms. The phosphorus transformation process was changed
under the influence of liming intensity. Soil liming changed the phosphate forms and the ratio between mineral
fractions of phosphates. The changes were dependent on the periodicity of liming and the amount of limestone
applied. The amount of organic soil phosphorus was directly related to soil pHKCl level and the time passed after
the last liming. The largest amounts of organic phosphorus (1006-1036 mg kg'! P,0,) were observed in the soil
with 5.1-5.4 pHKCl level. More alkaline or acidic condition resulted in a decrease of organic phosphorus amount.
Later limed soil had a higher content of soluble hydro- and dihydrophosphates and a lower content of
orthophosphates. Comparison of various methods of soil phosphorus availability analyses showed that evaluation
of soil available phosphorus content in limed soil was dependent on the chosen method. In limed soil, extraction
in hot water and by A-L analytical methods demonstrated greater values compared with the analysis in NH,Cl

solution.

Key words: soil, liming, phosphorus regime, phosphorus fractions.

Introduction

Light textured soils, mainly naturally acid and of
limited capacity, are dominant in the eastern part of
Lithuania. From the ecological point of view, this region
represents the vulnerable zone and is highly sensitive.
The content of humus in these soils varied between 0.5-
1.2% on sands and up to 1.3-1.5% on loamy sands
(Mazvila, 1998). Humus can account for 20-90% of
the adsorbing power of mineral soils (Brady and Weil,
1999). Results of the experimental work showed that
even under hard application of manure the increase of
humus is short-termed and negligible because of
intensive mineralization (Tripolskaja, 2001). Soil
fertility is mainly controlled by fertilizers — most
important component in agricultural production on
such infertile sandy soils. Proper use of fertilizers under
diverse soil, climate and ecological conditions is an
important research area for sustainable agriculture. The
processes controlling the nutrient availability in the soil-
plant-atmosphere cycle should be well understood for
an efficient fertilizer use.

The nitrogen, phosphorus and potassium supply and
solubility of phosphates and their availability to plants
is the most complicated problem. Phosphorus
deficiencies are common in managed ecosystems.
About 66% of Eastern Lithuania’s soils are very low or
low in the amount of plant available phosphorus
(MaZvila, 1998). Natural phosphorus regime on such
soils is directly affected by periodical application of
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phosphorus fertilizers and indirectly — by liming
(Debreczeni and Dvoracsek, 1989). Accumulation of
phosphorus in soil occurs when a positive P balance in
soil is ensured, and coefficient of compensation by
fertilizing makes up 150-200% (Minin and Osipov,
2000; Vigovskis and Jermuss, 2000). Part of
phosphorus, applied with fertilizers, turns into insoluble
forms in the soil. Thus it is excluded from the biological
cycle and leads to a decrease in the efficiency of
phosphoric fertilizing. Some authors point out that on
limed soil, insoluble and unavailable to plants
phosphorus is transformed into more readily available
forms. Application of lime increases the phosphorus
fixing by 20% in the form of secondary Ca and Mg
phosphates. The amount of soluble phosphate decreases
more than twice (He6oscuu u ap., 1998; Zorn and
Krause, 1999).

Data analysis of well-planned and properly
conducted long-term experiments can help to assess
the impact of fertilizers on agricultural sustainability
and environmental quality. The purpose of this research
was to evaluate the effect of liming (differing in intensity
and periodicity) on the total amount of available soil
phosphorus, the changes in the form and distribution of
mineral fractions of phosphates in Eastern Lithuania.
The objectives of this study were to evaluate:

1) the impact of liming practice on P fertilizer
efficiency;

2) the effect of soil liming on the forms of phosphates
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and on the extraction and structure of mineral
phosphates.

Materials and methods

Experiments were set up at the Voke Branch of the
Lithuanian Institute of Agriculture. The experimental
site was located on very acid loamy sand overlaying
loamy sand with gravel below Dystric Cambisol
(according to WRB classification). Soil texture includes
77-88% sand, 10-17% silt, 2-6% clay fraction. The soil
is well drained, the depth of the arable layer is 18-22
cm, carbonate horizon is located at the depth of 70-110
cm. It is a typical arable soil characterized by a low
humus content (about 2.0%), naturally acid reaction
(pHKCI. 4.4-4.5) and low content of plant available

phosphorus and potassium. The soil has a low fixation
capacity. Soil samples were taken from long-term soil
liming experiments (trials A, B, C).

Trials A-B with moderate liming were established
in 1972-1973 (Tables 1, 2). The soil was limed up to
3.5 times with CaCO, according to soil hydrolytic
acidity (H). Soil samples from the arable layer were
continuously collected to determine plant available
P,O; every 5 years, starting from 1972 through 1998.
Soil available P,0, was measured by A-L method. Total
P in plants was measured by calorimetric method.

Soil samples for analysis of P forms were taken in
1998 and 1999 from the following treatments: 1,2 and
6 inexperiment A, and 7 and 10 in experiment B. Also
three treatments were analyzed from the samples

Table 1
Intensity of liming in trial A
Rates of ground limestone according to Total for 4 rotations
Treat- hydrolvtic acidity (H
ments | before before before before rates CaCQ:s,
establish-| crop crop crop according| tha’
ment rotation | rotation |rotationIV toH
It 11
1* - - - - - -
2 - — - - — -
3* 0.50 - 0.50 3.38
4 0.25 - - - 0.25 1.81
5 0.50 - - - 0.50 3.68
6 1.00 - - - 1.00 7.18
7 0.25 - 0.25 - 0.50 3.72
8 0.50 - 0.50 - 1.00 6.62
9 0.50 - 0.25 0.25 1.00 6.98
10 0.25 0.25 0.25 0.25 1.00 7.12
* — unfertilized treatments
Table 2
Intensity of liming in trial B
Rates of ground limestone according to Total for 4 rotations
Treat- hydrolytic acidity (H
ments | before before before before rates CaCQ;,
establish-| crop crop crop according| tha’
ment rotation | rotation |rotationIV| toH
11 111
1* - - - - -~ -
2 - - _ _ - _
3* 0.50 - 0.50 - 1.00 7.84
4 0.25 - - 0.75 1.00 7.08
5 0.50 - 0.50 - 1.00 7.18
- 6 0.50 - 1.50 - 2.00 14.36
7 1.00 - 1.00 - 2.00 15.72
8 0.25 - 0.50 0.25 1.00 7.84
9 0.50 - 0.75 0.75 2.00 14.64
10 0.25 0.25 1.50 1.50 3.50 24.64
* — unfertilized treatments
23
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collected from trial C (intensive liming, established in
1984):

1. NPK;

2.NPK+1.0tha?! CaCO, annually;

3.NPK+6.0tha" CaCO, every 6 years.

Soil samples for determination of phosphorus forms
and mineral phosphate structure were taken at the depth
of 0-20 cm in four replications.

Total phosphorus (P total) was determined by
oxidation of the soil sample by mixture of concentrated

Impact of primary liming
on soil available P;0s

[Ochange n avaiabie P205 | 3

H,SO, and HCIO,. Plant available phosphorus was
determined by A-L method. Solubility of phosphates
was determined in hot water (soil/solution - 1:5).
Fractional composition of phosphates was determined
according to the method of Chang and Jackson,
modified by Askinazi, Ginsburg and Lebedeva
(Ackunasu u ap., 1963; Chang and Jackson, 1957).
Mineral and organic phosphorus compounds were
extracted in various solutions: in 1M NaOH — water-
soluble phosphorus; first extraction in 0.5M NH,Fand

300+
Impact of double liming 240-———
on soil available P,0s 180

120

P20s mg kg , .
e Sl S| § |
[10Jos [ 10 [ 10 ] 10 | 20 | 20 | |

WP205 balance | 262 | 280 | 255 | 200 | 253 | 247 | 246

| DchangeinavaialeP20s | 4 | 3050 | 150 | 35 | 825 | 125 | 975 |

Impact of periodical liming
on soil available P,Os

P20s mg kg-1

W P205 balance

iD change in avallaue;’zos

* — unfertilized treatments

Fig. 1. Impact of the liming periodicity and intensity on P balance and available P resources.
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0.1M NaOH - most available to plants Al, Fe, Ca
phosphates; extracted in 0.25M H,SO, - high-base Ca
phosphates; second extractionin 0.5 M NH,F and 0.1M
NaOH - highly crystallized Al phosphates, Al-Fe
phosphates. After all extractions, the remaining part is
soil insoluble phosphorus.

All data were subjected to analysis of variance.
Significance of differences was examined using t-test
for normal distribution. MSTAT- Cstatistical analysis
package was used for all calculations.

Results

Plant available phosphorus is likely to be one of
major limitations to productivity on acid sandy soils
(Holford, 1997). Excessive fertilizing with greater
quantities of phosphorus than the amounts taken up by
crops was used. As a result, poor soil was transformed
into phosphorus rich soil. Our obser-vations showed
that soil was drastically enriched in the amount of
available phosphorus. Excessive fertilizing during a 25-
26 years period with double superphosphate increased
the amount of available P,O; by 80 mg kg of sail
compared with unfertilized soil. It suggests that, in total,
almost 50% of applied phosphorus surplus (total surplus
of 161 mg kg of soil) was transformed into soluble
forms.

Utilization of P fertilizers was dependent on lime-
stone rate or intensity of primary liming in the cases of
secondary and periodical liming. The impact of liming
on P balance and available P resources in the soil is
presented in Fig. 1.

P fertilizers were utilized best in the soil treated
with 0.5 rate of ground limestone (positive balance 258
mgkg") in the case of primary and single soil liming. If
the soil was limed twice or more, utilization of P was
not dependent on the total amount of limestone applied.

Positive P changes varied from 253 to 290 mg kg on
the soil treated with a total of 1.0 rate of ground
limestone split into 2 applications. At application of
2.0rates, P utilization was similar, and positive P changes
varied between 246-251 mg kg. Favorable response
was obtained in all cases of 0.5 or 1.0 primary soil liming
(246-255 mg kg'), and lower utilization (at 275-290
mg kg') —at primary 0.25 rate application.

The data also allowed analyzing the impact of liming
on soil available P in both cases — with a positive and
negative P trend. In the case of soil liming without
fertilization, soil P reserves depleted. A negative balance
in limed but unfertilized soil during 25-26 years was
224262 mg kg! of P, but the amount of available
phosphorus in soil, compared with primary values, was
not reduced. Even unfertilized soil annually could
maintain average crop requirements for P,O; (up to
9-10mg kg?).

The impact of liming on soil P regime was dependent
on the periodicity and intensity of ground limestone
application. Moderately intensive liming (1-2 rates
applied) increased the soil pHKCI up to 4.8-5.5, but
available P,O; levels did not differ significantly. Under
more intensive liming conditions (3.5 rates applied),
increase in soil pHKCl up to 6.4 was accompanied by a
significant increase in soil available P,O, by 38-40 mg
kg of soil compared with unlimed or moderately limed
soil.

More detailed investigations on the forms and
structural changes of phosphates showed the impact of
liming on the changes of phosphate solubility and the
ratio between various P forms. Under the influence of
fertilizers and liming, the amount of total phosphorus,
determined in H,SO, and HCIO, solutions, increased
up to 0.070-0.074%, while in unfertilized soil it was as
low as 0.064%. Fractional composition of phosphates

Table 3
Influence of liming on fractional composition of phosphates (P,0, mg kg of soil)
Treatment | pHKCI | P total |P mineral | P organic | Insoluble P
Trials A-B
1. Without NPK and CaCO; 42 1339 639 673 27
2. NPK 42 1425 746 654 25
3. NPK + 1.0 r. CaCO;3 4.4 1616 748 844 23
4. NPK + 2.0 r. CaCOs 5.4 1963 892 1036 35
5. NPK + 3.5 r. CaCO; 6.4 1867 841 976 50
LSDgs 260 133 266 11
Trial C
“|1. NPK 5.1 1968 935 1006 27
2. NPK+1.0 t ha' CaCOs| 6.7 1511 788 680 43
annually
3. NPK+6.0 t ha” CaCO;s 6.2 1454 826 600 28
every 6 years
LSDos 278 109 211 10.6
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also varied. The amount of mineral phosphates
increased from 639 mg kg in unfertilized soil up to
748-892 mg kg in fertilized and limed soil (Table 3).
At an equal fertilizing level, the greatest amount of
mineral phosphates was in the soil with 5.4 pHKCI
level. The amount of mineral phosphates was reduced
when soil reaction became more acid or neutral.

The amount of organic phosphorus varied in relation
to soil pHKCl and the time passed after the last liming.
Infertilized and moderately limed soil (A-B trials), the
amount of organic phosphorus in comparison with
unlimed and unfertilized soil increased by 171-363 mg
kg and was greatest at pH 5.4. In the trial with intensive
liming of soil (trial C), the greatest amount of P organic
was also in the soil with pHKCI 5.1. At a higher soil
reaction, the pool of P organic decreased. The decrease
of organic phosphorus at pH 6.0 and higher might be
the outcome of more intensive activity of micro-
organisms and enzymes. It leads to mineralization of
organic phosphorus forms. The amount of insoluble
phosphorus in limed soil was low — 23-50 mg kg''.
Variations between different rates of liming were not
significant. It is possible to note that at pH 6.4-6.7 the
amounts of insoluble phosphorus were increased. Fox
presented similar results in 1979 (Fox, 1979).

The analysis of fractional composition of mineral
phosphates showed that their changes were dependent
on the level of pH and on the time elapsed after the last
liming. The amount of more soluble calcium,
magnesium and aluminium phosphates extracted in the
first extraction of NH,Fand NaOH increased in limed
soil. Less soluble phosphates, depending on liming,
varied insignificantly. The assessment of changes in
mineral phosphate fractions showed that at moderate

liming (trials A-B) the amount of plant available
phosphates declined. In fertilized but not limed soil,
there were 36.1% first extraction phosphates, and in
limed —28.9-30.4%. In limed soil, the amount of high-
base phosphates, compared with unlimed soil, increased
by 6.9%. In limed soil, high-base phosphates increased
upt09.1-11.2% from total phosphorus. Under intensive
liming conditions (trial C), when ground limestone was
applied more frequently, the amount of more soluble
hydro- and dihydrophosphates was increased in the soil.
In limed soil, they accounted for 34.6-40.9%, in
unlimed soil - for 32.8% from total phosphorus. The
changes of water-soluble phosphates under the influence
of liming were irregular.

The amount of plant available phosphates was
determined by A-L method, in hot water and extracted
in IM NH,Cl solution. Analyses of the obtained data
showed that not all the mentioned methods equally
reflect the changes in the phosphoric regime in limed
soil. The data of A-L method showed that the amount
of mobile phosphorus was dependent on phosphoric
fertilizing and intensity of liming. In trials A-B, the
amount of mobile phosphorus extracted by A-L method
under the influence of fertilizing increased by 74% and
made up 13.7% from total phosphorus (Table 4).

At the application of lower rates of ground
limestone, mobility of phosphorus did not vary
significantly and only at application of 3.5 rates essential
increases occurred. In the case of regular liming (trial
C), similar changes were observed. In limed treatments
with the same rates of mineral fertilizers, the amount of
mobile phosphorus in comparison with unlimed soil
increased by 40.0-45.0 mg kg P,O, of soil and made
up 18.1-19.1% (in unlimed soil - 11.8%).

Table 4
Impact of liming on labile forms of phosphates
Extraction % from P total
Treatment A-L in hot in A-L in hot in
| method | water | NH4Cl | method | water |NH:Cl
P;0s. mg kg of soil

Trials A-B
1. Without NPK and CaCO; 112 10.2 8.4 0.4 0.8
2. NPK 195 10.8 13.7 0.6 0.8 |
3.NPK +1.0r. CaCO; 200 20.2 9.0 12.4 1.2 0.6
4. NPK +2.0 r. CaCO4 202 25.3 7.2 10.3 1.3 0.4
5.NPK +3.5r. CaCOs 241 24.1 10.5 12.9 1.3 0.6
LSDygs 13.4 33
Trial C
1. NPK 233 40.4 8.5 11.8 | 2.1 0.4
2. NPK+1.0 t ha' CaCOs| 273 | 766 9.4 18.1 5.1 0.6
annually
3. NPK+6.0 t ha™ CaCO; 278 79.1 6.5 19.1 54 0.4
every 6 years
LSDgs 13.4 25.6 32
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Comparison of the data of trials A-B and Cleads to
the conclusion that more frequent liming enables to
preserve phosphoric compounds in a more mobile form
and is more rational from the point of view of mineral
fertilizer efficiency. Determination of the mobile forms
of phosphorus in hot water most precisely reflects the
effect of liming. This method showed that liming
increases the amount of phosphates available to plants
almost double. In unlimed soil (trial A), the amount of
phosphates was 8.5 mg kg P,O,, and in limed soil -
20.2-25.3 mg kg, what made up 0.6 and 1.2-1.3% of
total phosphorus, accordingly. Determination of
phosphates in hot water correlates with the data of
A-L method, i.e. at regular liming the mobility of
phosphoric compounds is increased.

The amount of available phosphates, determined
by this method, in regularly limed soil made up
76.6-79.1 mgkg* or 5.1-5.4% of total phosphorus. The
amount of water-soluble phosphorus determined in
1M NH,Cl was lower and made up 7.2-10.8 mg kg™ in
moderately limed soil and 6.5-9.4 mg kg' in more
intensively limed soil.

Discussion

Many results have been reported on the accumu-
lation of various P forms from fertilizers. In the studies
by Yakutina, the increase in available P forms was 25%
higher (comparing the results from fertilized and
unfertilized treatments) than the applied amount of P
fertilizers identified in the first year after application
(Slkytuna, 2001). Sokolov and Gladkova have reported
on up to 30% P accumulation from totally applied
amount of P fertilizers under long-term fertilizing
(Coxonos, I'nagkosa, 1979). The investigations suggest
that P accumulation might reach up to 50% of soluble
phosphorus forms under conditions of long-term
excessive fertilizing. It was observed that changes in the
amount of available phosphorus 24 years after the
application were mainly related to the applied
fertilizers, but surplus in balance did not lead to pro-
portional increase. Many authors have reported on the
influence of liming on P mobility in soil. Such relations
also were proved in the present experiments. Holford
has found that liming can also influence the availability
of native and/or fertilizer P (Holford, 1989).
Phosphorus is resistant to leaching in most soils, but
available P forms in the soil are controlled by soil pH
(Fox, 1979; Holford, 1989). Experimental results
showed that phosphorus transformation processes were
changed under the influence of liming intensity and
distribation of rates over time.

Regular liming with ground limestone changed
fractional composition of phosphates and mineral
phosphate forms inloamy sand soil. Highest amount of
mineral phosphates was observed in the soil with
pHKCI 5.4. Intensive liming by limestone (6.0 t ha!

LLU Raksti 8 (303), 2003; 22-28

every 6 years or 1.0 t ha'! annually) increased the soil
reaction up to neutral. Such level of reaction was not
favorable to available forms of phosphorus. In acid soil,
liming until neutral reaction (pHKCI more than 6.2)
decreased the amount of mineral and organic phos-
phorus and increased the amount of insoluble
phosphorus. In limed soil, aluminium, iron and
manganese ions, which are present in acid soils,
precipitated the soluble phosphorus ions available for
the plants. However, in the course of time, different
available compounds of phosphorus are transforming
in less soluble or insoluble. Liming of soil with 2.0-3.5
rates of ground limestone essentially increased the
amount of plant available phosphates, which are
determined in hot water extraction and by A-L method.

Conclusions

1. In cases of secondary and periodical liming,
utilization of P fertilizers was dependent on the intensity
of primary liming.

2. Changes in available phosphorus amount were
mainly related to the fertilizers applied, however, the
changes were not proportional to the P fertilizing
surplus.

3. Liming of acid soils increased the mobility of
phosphoric forms. The extent of changes was dependent
on the amount of applied lime and on the time passed
after the last liming.

4. Regular liming had a positive effect on utilization
of mineral fertilizers. The amount of most plant
available hydro- and dihydrophosphates increased up
to 34.6-40.9% from total phosphorus (in unlimed soil
—upto32.8%).

5. The amounts of insoluble phosphoric forms were
dependent on soil pHKCl and increased up to neutral
soil reaction. The changes of soil reaction from pHKCI
4.4-5.4 to pHKCI 6.4-6.7 significantly increased the
insoluble P amount (from 23-35 mg kg' P,O, to
43-50 mg kg' P,0,).

6. The influence of liming on the mobility of
phosphates was best reflected by A-L method and by
phosphate determinationin hot water.
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Anotacija
Pétijumi veikti skaba malsmilts augsné, kura 1972. un 1984. gada ierikoti ilgtermiga kalkoSanas izméginajumi.
Noskaidrota kopéja un noteiktu fosfora savienojumu (organiskais, neorganiskais, augiem izmantojamais, labilais,
neskistodais) akumulacija augsné ar un bez méslosanas lidzeku lietoanas. Noskaidrota kajkoSanas pozitiva
ietekme uz augiem izmantojamo fosfora savienojumu akumulaciju augsné.
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Abstract. This publication presents the phosphorus and potassium balances at national and regional level. Regional
balances from the years 1999-2000 provide a better picture for policy makers enabling them to identify areas of
high surplus or with permanent deficit. The regional differentiation of potential soil degradation, which is indicated
by nutrient balances, is presented on the maps. The regional differentiation of nutrient balance is affected by the

animal and crop production intensity.

Key words: soil PK surface balance, regional differentiation, potential environment pollution.

Introduction

The modern agriculture apart from production and
economic targets must pursue wide-range ecological
aims, understood as the protection of the natural
environment against different kinds of pollution
(Kopiriski, 1999). Nutrient balance can be a relatively
simple tool for estimation of farm sustainability (Igras,
Kopinski, 2001; Oenema, Velthof, 2000). Surplus or
deficit is a very important indicator for developing
nutrient management strategies by national or regional
scale. Balance can be prepared ondifferent levels (field,
farm, region, and country) and differentiated into soil
surface and farm gate. One of this methods proposed
by international organizations, such as PARCOM
(PARCOM, 1995) and OECD, is the soil surface
nutrient balance (OECD, 2001). This balance
measures the difference between the nutrient inputs to

an agricultural system (mainly from livestock manure
and chemical fertilizers) and the outputs of nutrients
from agriculture (mainly uptake by crops and forage).
There are many publications concerning the efficiency
of nitrogen use (Hansen, 2000), but the phosphorus
and potassium balances are also important for potential
crop production assessment (Igras et al., 2000).

The aim of this paper is to present the soil
phosphorus and potassium surface balances in the
framework of administrative division of Poland. The
regional differentiation of nutrient balances is presented
on the maps.

Material and methods

The phosphorus and potassium balances were
calculated basing on annual statistical data for the years

Table 1
Elements of the phosphorus and potassium balance
Des.ign- Elenss gt Methodology of calculation
ation balance
Using SFOM model (Jadczyszyn et al., 2000), taking into
i Manuee consideration the number of animals in gro 00)|
413 Quantity of used phosphorus and potassium in mineral
Ser | = [feetiliess ertilizers (GUS, 2001)
Quantity of phosphorus and potassium in seeds and seed-
potatoes, quantity of the material relative to the sown area,
" Sou Seeds and oibe standard values of PK content in seeds and seed-potatoes
(Fotyma and Mercik, 1995) .
Quantity of phosphorus and potassium taken up by crops
Scaf Upd‘a;‘fab’; CTOPS  |and forage (GUS, 2000), standard values of PK content in
bk yield (Fotyma and Mercik, 1995)
SSNB Soil surface The phosphorus and potassium surplus or deficit
nutrient balance | SSNB = S + Ster + Ssar — Seat
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Table 2
Values of nutrient balance elements in
agricultural land in Poland, on average (1999-2000)

Nutriorit Balance elements, kg ha”
Sorg Ster | Scar | Sey |

P 5.9 1.2 11.1 0.7
K 32.1 17.3 69.3 3.0
Table 3

The phosphorus and potassium balances in
agricultural land in Poland, on average, kg ha™!

(1999-2000)
Nutrient Soil surface
balance
P 2.7
K -16.9

1999-2000 (GUS, 2000a; GUS, 2000b; GUS, 2001).
The main aim of the investigations was to study the four
basic elements of the phosphorus and potassium
balances for the new Polish voivodeships (after the
administrative reform). Values of particular balance
elements were estimated as averages for the country

according to OECD method (OECD, 1999) modified
for Polish conditions and using SFOM model
(Jadczyszyn et al., 2000). The elements of balance and
the way how to calculate them are presented in Table 1
and are expressed for agricultural land (AL). The
balances are given for nutrients expressed in elementary
form and presented on the maps with the new
administrative division of Poland.

Results

The elements of the phosphorus and potassium
balance are presented in Table 2, but total balance in
Table 3. The highest rates of phosphorus were applied
in mineral fertilizer, while those of potassium - in
organic fertilizer. The amount of potassium supplied
in mineral fertilizers is equal to half of the quantity
supplied in organic fertilizers. The very highest quantity
of potassium was uptake by crops and forage. The soil
surface phosphorus balance in Poland in the years
1999-2000 was sustainable, but potassium balance
showed a deficit of about -17 kg K ha™! of agricultural
land.

P and K balances presented on the maps (Figs. 1,2)
show the country’s regional differentiation in the new

Fig. 1. Soil surface phosphorus balance for agricultural land in Poland.
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dolnoslaskie
o |

<-15kgha'K
-15--30kgha'K
>-30kgha' K

Fig. 2. Soil surface potassium balance for agricultural land in Poland.

administrative division starting from 1999. The regional
differentiation of nutrient balances is affected by the
intensity of animal and crop production.

The total phosphorus balance in the majority of
voivodeships is sustainable, however, not all the
phosphorus is utilized by crops. In some southwestern
regions of Poland — the Opolskie and Dolnoslaskie
voivodeships — the phosphorus balance is negative.
These two voivodeships have very good soil-climatic
conditions what results in a high crop production
intensity. Decreasing of plant available phosphorus
content in the soil in this region due to a negative balance
could increase the soil degradation risk.

The potassium balance was negative in the whole
country, but regional distribution is shown in Fig. 2.
The highest deficit is in the Dolno$laskie and Opolskie
voivodeships, which is almost -40 kg K ha'. The
permanent potassium deficit in the long run may lead
tosoil degradation. Central and north provinces present
arelatively small K deficit—less than 15 kg ha'. These
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voivodeships have a various structure of land use and
average soil-climatic conditions, but the crop and
animal production intensity is very low.

Conclusion

The soil surface phosphorus balance in Poland is
sustainable, except for the Opolskie and Dolnoslaskie
voivodeships where it was found negative.

The potassium balance was negative throughout the
whole country. A critical situation for potassium was
observed in the Opolskie and Dolno§lgskie
voivodeships where the deficitreached -40kgha' K.
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Anotacija
Noveérotas saméra bitiskas at3kiribas starp valsts regioniem, galvenokart sakara ar lopkopibas un augkopibas
dazado intensitati. Kalija bilance ir negativa visos valsts regionos (atseviskos pat lidz -40 kg ha! K), savukart
fosfora - tikai Opolskie and Dolnoslaskie vojevodistés. Ilgstosa negativa fosfora bilance var veicinit lauksaimniecib

izmantojamas zemes augsnu degradaciju.
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The effect of potassium and phosphorus fertilizers on
the potato yield depending on pedoclimatic conditions
Fosfora un kalija mineralmeslu ietekme uz kartupelu razu
atkariba no augsnes un klimatiskajiem apstakliem

Alar Astover, Hugo Roostalu
Institute of Soil Science and Agrochemistry, Estonian Agricultural University,
e-mail: astover@eau.ee; roostalu@eau.ce

Abstract. On potassium poor soils, the average effectiveness of K fertilizer norm is 60-80 kg of tubers per kg of
K, O, while in favorable years it can be as high as 120-140 kg. On soils with lactate soluble potassium below 130
mg K, Okg', moderate amounts of potassium fertilizers provide a yield increase of potato almost every year. On
soils with very high potassium content, potassium fertilizers ensure yield increase only in one to three years out of
ten. Anincrease in soil potassium content by 10 mg K,O kg decreased the average effectiveness of the K rate by
5.5kgof tubers per 1kg of K,O applied. Phosphorus fertilizers produce a positive effect every other year on soils
with the lactate soluble P,O, content below 200 mg kg''. On phosphorus poor soils (below 70 mg kg*), the effect
of phosphorus fertilizers is evident almost every year, and the effectiveness of the use of low phosphorus amounts
(P,,) is on average higher than 50 kg of tubers per kg P,O,. The increase of plant available phosphorus insoil by

10 mgkg results in reduction of P use by 3.2 kg of tubers on average per 1 kg of P,O, applied.
Key words: PK fertilizers and balance, potatoes, profitability of fertilization.

Introduction

The European agricultural production and agrarian
policy has undergone dramatic changes during the last
decade, which have considerably influenced the
development of rural areas as well as the whole
agricultural sector. Reforms have been particularly
large-scale in East European countries and in the former
republics of the Soviet Union (FAOSTAT; Ruben et
al., 1998; Csaki, 2000). Sustainable use of natural and
economic resources has gained increasing importance
(Veldkamp and Fresco, 1997; Bade and Kruseman,
1998). Besides conventional agricultural production,
the role of alternative farming systems has increased
significantly, which ensures an ecologically cleaner and
healthier environment. The applied farming system
determines the efficiency of utilization of resources
(Struik and Bonciarelli, 1997; Uhlin, 1998), the nutrient
balance of soils (Schroder, Asperen et al., 1996;
Kitterer and Andren, 1999; Roostalu et al., 2000; Ross
et al,, 1999) as well as the general state of the
environment and agroecosystems (Waldon et al., 1998;
Hoffmann et al., 2000). By increasing the efficiency of
plant nutrient recycling within agricultural system, it is
possible to reduce the load to the environment.
Depending on the pedoclimatic conditions of a
particular region, it is necessary to establish an optimum
level of the intensity of crop and livestock production
as well as their proportions on the levels of the farm, the
region and the state (Granstedt, 2000).

Agricultural production in present-day Estonia has
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become extremely unstable and brings in little profit.
According to the FAO, crop production has decreased
t0 28% in Estonia (FAOSTAT; Roostalu et al., 2000).
The decline in crop production as well as in the level of
all agricultural production is due to soaring prices of
machinery, fertilizers and pesticides as well as to drastic
changes in the marketing of agricultural products.
Compared with the 1980s, the average amount of
nitrogen fertilizers applied per hectare of arable land in
the period of regained independence has decreased up
to 6 times, the amount of phosphorus fertilizers - 20
times, the amount of potassium fertilizers — 30 times,
the amount of organic fertilizers — 4 times, and the
amount of pesticides -5 times. Basing on the results of
variety comparison experiments, the yield of cereals in
agricultural enterprises and on farms makes 40-50%,
and the yield of potato —35-40% of the potential yield.

In the period of large-scale production when an
average of up to 84-96 kg of potassium, 46-69 kg of
phosphorus and 10-12 t of manure were used per hectare
of arable land, the total balance of these nutrients was
markedly positive (Roostalu et al., 2000).

The amount of potassium removed with the yield
was 72kg K,O ha ', while the amount applied for crops
was approximately twice as large. In the case of
phosphorus, an average-of 28-30 kg P,O; per hectare of
arable land was removed with the yield, while the
amount applied with fertilizers was 78-85 kg of P,0O;
per hectare. Proceeding from this, the content of lactate
soluble potassium in the soil increased on average by
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22%, while the content of lactate soluble phosphorus
increased more than twice during this period.

During the period of Estonia’s re-independence, the
balance of all main nutrient elements has become
negative as a consequence of inadequate fertilization.
The average amounts removed from the soil with the
yield were 55kg N, 21 kg P,O,, and 54 kg K,O, while
the amounts returned to the soil -30kg N, 11kg P,O,,
and 18 kg K,O. Thus, the present production takes place
largely at the expense of the soil resources created by
farmers in the 1970s-1990s. The content of soil lactate
soluble potassium of Estonian arable land is low for
43.4%, moderate for 42.6%, and high for 14.0% of
soils. The content of lactate soluble phosphorus is very
low or low for 28.9%, moderate for 46.8% and high or
very high for 24.3% of soils (Jarvan et al., 1996).

In the case of general balance of potassium and
phosphorus, it is necessary to take into account that in
the first year plants utilize only certain part of available
nutrients. Among mineral fertilizers, plants utilize 50-
70% of potassium in the first year of application with a
total of 60-80% per rotation (Piho, 1973; 1977). From
manure, plants assimilate 50-70% of potassium in the
first year and with a total of 70-80%. Assimilation of
phosphorus from superphosphate varies from 10 to 30%
in the first year of application, while the amount

assimilated from manure is 20-40%, with a total of 25-
45% and 40-60% per rotation, respectively. Utilization
of potassium and phosphorus from soil resources
depends on the crop, and even more on the content of
nutrient elements available in the soil. In the case of a
very low content of soil nutrient elements, the plants
are able to utilize 8-26% of phosphorus resources and
15-90% of potassium resources. Thus, considering our
current application of potassium and phosphorus
fertilizers, it can be supposed that the active balance of
these nutrient elements is significantly more negative
than is reflected by their total balance.

Materials and methods

The present study summarizes the results of
previous fertilization experiments conducted with
potato (Aamisepp, 1939; Eesti pollumajandusteadus. . .,
1946; Umarik, 1946; Talpsepp, 1966, 1969, 1970;
Viileberg, 1966; Sutter, 1967; Sirendi, 1969; Turbas,
1969; Sepp, 1972,1974, 1978; Piho, 1971,1973,1977,
1978; Kirblane and Tartlan, 1989; Valgus, 1992), as
well as analyses of crop response to the application of
the potassium and phosphorus fertilizers and related
agroeconomic risk factors. The database, which contains
the results of more than 250 field experiments
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Fig. 1. Probability of the average effectiveness and profitability of
potassium fertilizer rate K, depending on soil lactate soluble K,Ocontent.
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performed in Estonia with medium- or late-maturing
potato varieties, was used. These experiments have been
carried out onsoils with very different texture and other
properties. The impact of soil and climate conditions
on the effectiveness of fertilizers has been assessed
according to the theory of probability.

The assessment is based on regression analysis,
which has the following general form of the equation:

y=a,+ax-aPr+apPr-aPr,
where y - average effectiveness of fertilizer rate K|
or P per kg K,O or P,O.kg";
x— lactate soluble K,O or P,O;content in soil,
mgkg';
Pr - probability, %.

In the calculation of the profitability of fertilization
(Rv, %) it was assumed that the commercial yield (60%
from total) is sold at 1.5 EEK kg, but the rest of the
yield is converted to milk or pork, the selling price of
which is 3.0 and 20 EEK kg, respectively. The cost of
fertilizers is 3.3 EEK kg for K,O and 10.9 EEK kg
for P,O,, the cost of harvesting is 0.2 EEK kg. The
feeding of animals proceeded from a balanced feed
ration and the calculation of the requirement for
metabolizable energy and protein was based on the
requirement for purchased concentrated fodder and its
cost.

‘ 10 ‘20 30 40

_— e

Results and discussion

The effectiveness of potassium fertilizers to a great
extent depends on soil potassium level, use of the
nitrogen and phosphorus fertilizers and manure, and
the crop specifics, and also on climatic conditions
during the potato growth period (Fig. 1). For a longer
period average, the effectiveness of fertilizer rate K|
for potatoes, compared with NP background on soils
with verylow and low content of available potassium, is
60 to 80 kg of tubers per kg of K,O applied. However,
in one favorable year out of ten it may evenreach 120 to
140 kg of tubers per kg K,O applied. On soils with
moderate and high potassium content, average
effectiveness was 25 t040kg K,O kg, butin 1-2 years
out of ten, fertilizer use may not increase the yield of
potato. On soils with very high potassium content, the
probability of yield increase, which will pay back the
expenses of potassium use, is low — 30-60%. If only
potassium fertilizers are applied on the background of
manure, their effectiveness remains considerably lower.
According to Piho (1973), the effectiveness of
potassium fertilizers higher than average can be
expected if the summer is relatively cool, but
agronomically effective fertilizer rate is 66 to 200 kg of
K,O ha"', which may vary more than two times
depending on the weather conditions.
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80
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—%— 170 mgP kg —0—220 mgP kg ' ——265 mgP kg !
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Fig. 2. Probability of the average effectiveness and profitability of
phosphorus fertilizer rate P, depending onsoil lactate soluble P,O, content.
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As potassium fertilizers can significantly increase
the potato yield and are relatively cheap (3.3 EEK per
kg of K,0), their application using moderate rates is
profitable and involves small economic risk on soils
where the content of available potassium does not
exceed 110 mg K,O kg. However, on soils with low
potassium requirement the probability of economic risk
isrelatively high.

The effectiveness of phosphorus fertilizers and the
fertilization profitability depend on the soil fertilizer
requirement and also on the weather conditions (Fig.
2).

Analysis of all experimental results suggest that
average effectiveness of fertilizer rate P, on soils with a
very high and high fertilizer requirement is 50-60 kg of
tubers per kg P,O, when phosphorus fertilizer is used
together with nitrogen. However, in this case it is
necessary to take into consideration that the effec-
tiveness of phosphorus fertilizers increases when
nitrogen fertilizer is used. When nitrogen fertilizers are
not applied, the effectiveness of phosphorus fertilizer
remains markedly lower.

On soils with a medium content of available
phosphorus, the average effectiveness of fertilizer rate
P,, was approximately 40 kg of tubers per kg P,0;,
while on soils with a low fertilizer requirement, the
expected average effectiveness was 24 kg of tubers per
kg P,O,. Onssoils with a low phosphorus requirement,
appli-cation of phosphorus fertilizers may not result in
yieldincrease at all in two years out of ten. On soils with
still higher phosphorus content, weather-related
economic risk is far greater. When the content of soil
lactate soluble phosphorus is 220 mg of P,O,kg?, the
yield increase due to phosphorus fertilizers can be
expected only in 3-5 years out of ten. In fertilization of
potato, it is necessary to take into account that the
effectiveness of phosphorus fertilizers considerably
depends on climatic conditions. The difference in the
effectiveness of these fertilizers can be 4-7-fold in
different years.

Agronomically effective phosphorus fertilizer rates
are usually higher than the fertilizer amounts actually
used and can differ 2-3 times in different years.
Depending on soil fertilizer requirement, these rates
can be 90-250 kg ha* of P,O, (Piho, 1973).

Phosphorus fertilizers are relatively expensive.
Analysis of the profitability of their application reveals
that on soils with a medium phosphorus content, the
use of phosphorus fertilizers is completely justified
because the average fertilization profitability is 60-
120%, depending on yield increase realization
possibilities. Although on soils with a lower fertilization
need, profit gained from fertilizer use could be quite
large in some years. Probability to get profitis the lower
the higher is the plant available phosphorus content in
soil.
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Conclusion

The complex analysis of the results of fertilization
experiments allowed determining the impact of natural
and- economic risk factors on the effectiveness of
fertilization. The higher is the soil nutrient content, the
lower are the effectiveness of fertilizers and agroeco-
logically and economically grounded application rates
of fertilizers. The difference in the average effectiveness
of potassium fertilizers (K,,) between favorable and
unfavorable years can be up to 80-90 kg of K,Okg?,
that of phosphorus fertilizers (P,,)—upto90-100kg of
P,O, kg'. The profitability of fertilization depends
primarily on fertilizer effectiveness and also on such
economic risk factors as the cost of fertilizers, the cost
related to the management of yield increase as well as
sales income. On soils with high potassium and
phosphorus requirement, the profitability of the
application of fertilizer rate K, or P, can exceed 140-
170%. But in the case of lactate soluble potassium- and
phosphorus-rich soils, considerable profit from
fertilization can be obtained in less than two or three
years out of ten.
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Anotacija
Augsnés ar zemu kalija nodroSinajumu, lietojot 60 kg K,O ha’', méslosanas efektivitate sasniedz 60-80 kg
bumbulu uz katru ar méslojumu izmantoto K,O kilogramu. Labvéligos gados is raditajs var sasniegt pat lidz 120-
140 kg bumbuju. Augsneés, kuras laktata §kistosa kalija saturs ir mazaks par 130 mg kg, mérenas Kalija mineralméslu
normas gandriz ik gadus nodro$ina kartupeju raZas pieaugumu. Palielinoties dugsnes kalija nodroSinajumam,
pakapeniski samazinas atdeve no izlietota kalija méslojuma. Praktiski ikgad€ju atdevi no fosfora méslojuma var
iegit, ja ta laktata $kistoSo savienojumu saturs augsné ir zem 70 mg kg
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Phosphorus uptake and balance by winter and spring wheat
Fosfora uznemsana un bilance ziemas un vasaras kvieSu séjumos

Roberts Vucans, Janis Livinanis, Adrija Dorbe
Department of Soil Science and Agrochemistry, LLU, e-mail: vucans@cs.llu.lv

Abstract. The impact of mineral fertilizers on P uptake and balance by winter and spring wheat was studied on
experimental farm “Peterlauki” of the Faculty of Agriculture, LLU. The experiments were carried out on sod-
pseudogley sandy clay loam soil in 1999-2001. Potassium fertilizer rate K, was constant over the entire experiment,
but phosphorus rates were as follows: P, P, P, and P, for winter wheat, and P, P, P, Py, for spring wheat. Two
different nitrogen levels N, and N, ,; for winter wheat, and N, and N, for spring wheat were used. Meteorological
conditions during the experimental years were quite different. The experiment showed that P content in the grain
of winter wheat changed depending on fertilizer rate and meteorological conditions. More significant P changes
were observed at a lower nitrogenrate (N,,). Neither fertilizer nor weather conditions affected the P content in
straw. Changes of P content in the grain and straw of spring wheat varied. Higher P fertilizer rates resulted in
increased phosphorus removal by the yield of winter and spring wheat, but this tendency was more expressed at
lower N fertilizer rates. Growing P fertilizer rates for winter wheat increased N utilization coefficient from 0.64
to 0.93 at N K, but at N, K, — from 0.59 to 0.63. In spring wheat, growing P fertilizer rates increased N
utilization coefficient from 0.52 t0 0.56 at N K, but at N, K —from 0.47 t0 0.49. All P fertilizer rates applied

in winter wheat and spring wheat provided a positive total P balance.

Key words: phosphorus, balance, uptake.

Introduction

The purpose of this research was to study the
influence of mineral fertilizers on P uptake and balance
in winter and spring wheat. This is of importance in
investigating plant nutrient turnover and ecological
aspects of fertilizer application. Data obtained by many
researchers regarding P fertilizer utilization are rather
contradictory. Efficiency of P commercial fertilizers
depends on P level in soil, weather conditions, balance
of other plant nutrients in soil, and other factors
(Feizien€, 2000; Amesun, 1999; TTocrHuxos, 1988).
Soils and meteorological conditions are quite variable
in Latvia, thus having impact on phosphorus uptake
and utilization by plants. Differences in P content (DL-
method) were confirmed by the results of soil
agrochemical investigations over the period 1959-1990
and agricultural land monitoring in sample farms
(1995-1996). Fertility survey results show that 37-38%
of agricultural land in Latvia are very low and low (<70
mgkg™), 33% — medium, but 29-30% - high and very
high in available phosphorus (Skromanis, 1994; Zemes
..., 1997). Investigations showed correlation between
soil nutrient status and crop response to fertilizers, i.e.
more fertile the soil, the lower the fertilizer use
efficiency (Amesnun, 1999; Vaisvila, 2000). Recent
investigations showed some changes in soil fertility
status due to the nutrient management practice, what is
commonly used in the farming practice in Latvia today.
Plant nutrient balance in agricultural land of Latvia

was negative. Particularly for phosphorus it was -5 kg
ha' of P,O; (Livmanis, 2001). Similar relationship was
observed in long-term stationary experiments of
Agricultural Land Monitoring program, where in 1993
1999 the phos-phorus content in soil of monitoring plots
decreased approximately by 46 mg kg or 24% on
average. In this period, P level in the soil essentially
increased in 10% of plots, decreased in 60%, and did
not essentially change in 30% of plots (Gemste, 2001).

Research results presented in this paper are a part
of long-term complex investigations on plant nutrient
turnover in cereal crop rotation.

Materials and methods

The impact of mineral fertilizers on uptake and
balance of P in winter wheat ‘Moda‘ and spring wheat
‘Eta’ was studied on experimental farm “Péterlauki” of
the Faculty of Agriculture, LLU. The experiments were
carried out on sod-pseudogley sandy clay loam soil
(Stagnic Luvisols according to FAO Legend, 1990) from
1999 t02001. The main agrochemical properties were:
organic matter (Tyurin‘s method) - 2629 g kg (15-
17 g kg' C__); pHKCI - 7.0-7.3; plant available
phosphorus fDL-method) - 110-150 mg kg, and
exchangeable potassium (DL-method) - 185-240 mg
kg of soil. Potassium fertilizer rate K, was constant
over the whole experiment. Applied phosphorus
fertilizer rates were as follows: P, P, Py, and P, for

winter wheat, and P,P,, P, P, forspring wheat*.

* — Here and afterwards designation P, K, means 45 and 90 kg ha! of P,0,and KO, respectively.
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These investigations were conducted at different N
fertilizer levels: N, and N, ., for winter wheat, and
N, and N, for spring wheat. Previous crop for winter
wheatwas 1styear clover, and oil radish for spring wheat.
The experiment consisted of 9 treatments in four
replicates. The total plot size was 100 m?, the harvested
area — 24.24 m? Fertilizer application was hand
broadcast, kinds of fertilizers: ammonium nitrate, single
superphosphate, and potassium chioride.

During the investigation years, unusually early and
warm spring was observed. Daily temperaturesin 1991
averaged 5°C higher in April and in the last decade of
March 1999, therefore the beginning of vegetation
started comparatively early. The first half of May in
1999 was cold and dry with rather severe frost, but
weather conditions in this period of 2000 and 2001
were close to long-term averages. Most favorable
weather conditions during tillering stage and anthesis
in 2001 gave about 9 to 13 grains per ear more thanin
other investigation years. During grain yield formation
there was enough moisture and heat over all
investigation period. This period of 2001 was
characterized by higher temperatures compared with
long-term averages and resulted in small grain increase
in yield. In 2000, abundant rainfall in the period of
grain maturation and harvesting negatively affected the
grain quality. From yield formation aspect, more
suitable meteorological conditions were observed in
2000. The year 1999 was characterized by early and

cold spring, as well as by dry first half of the vegetation
period, but 2001 was wet with warm end of June and
start of July.

Results and discussion

Experimental data showed changes in the P,O,
uptake and content in wheat what was influenced both
by fertilizer rate and meteorological conditions of the
growing season. Analysis of winter wheat (Table 1)
showed a higher P content in grain in 1999, but lower —
in 2000, when the highest total yield was obtained due
to weather conditions during the vegetation period.

Increasing both N and P fertilizer rates resulted in
changes of P,O, content in wheat. The effect of used
P,O; rates on P content was more obvious in 2000.
Obtained average data show that P,O, rate increased
from 0 to 120kg ha at nitrogen level N, resulting in
0.07% more P in grain. At nitrogen level N, , the
increase of P,O,rate up to 60 kg ha! resulted in 0.14%
more P in grain. Further increase of P fertilizer up to
120kg ha' resulted in P content reduction by 0.05%.
Neither fertilizer nor weather conditions affected the P
content in winter wheat straw. In spring wheat, more
expressed variability in P content was observed both in
grain and straw. In 2000, increased P rates resulted in
increased P,O; content both in grain and straw at both
N levels. However, in 1999, this tendency was observed
onlyatlower N rate (N, ). Further increase in N fertilizer

Table 1
P,0, content in winter wheat, %
Treatment Grain Straw
1999 2000 2001 average 1999 2000 2001 average
NoPoKo 0.96 0.77 0.83 0.85 0.16 0.21 0.16 0.18
NeoPoKoo 0.96 0.67 0.88 0.84 0.15 0.17 0.16 0.16
NsoPeoKoo 0.97 0.78 0.90 0.88 0.17 0.16 0.14 0.16
NesoPooKoo 0.97 0.82 0.92 0.90 0.18 0.16 0.14 0.16
NsoP120Ko0 0.97 0.80 0.95 0.91 0.21 0.16 0.14 0.17
Ni120PoKoo 0.93 0.64 0.89 0.82 0.15 0.17 0.14 0.15
Ni120Ps0Koo 0.99 0.91 0.97 0.96 0.14 0.18 0.15 0.16
N120PsoKo0 0.99 0.89 0.97 0.95 0.16 0.17 0.16 0.16
Ni20P120K00 0.99 0.76 0.97 0.91 0.15 0.17 0.16 0.16
Table 2
P,0, content in spring wheat, %
Grain Straw
Treatment ™55 T 2000 | 2001 | average | 1999 | 2000 | 2001 | average
NoPoKo 1.06 1.00 0.96 1.00 0.15 0.23 0.28 0.23
NeoPoKso 1.03 1.00 0.98 1.00 0.14 0.23 0.27 0.22
NeoP4sKoo 1.08 1.03 1.00 1.03 0.13 0.26 0.29 0.24
NsoPsoKoo 1.07 1.03 1.00 1.03 0.12 «0.26 0.29 0.24
NesoPsoKoo 1.15 1.04 0.98 1.05 0.12 0.28 0.27 0.24
NooPoKoo 1.16 1.01 1.01 1.05 0.15 0.28 0.25 0.23
NooP4sKoo 0.87 1.05 0.95 0.97 0.12 0.30 0.27 0.24
NooPsoKoo 0.87 1.05 1.04 1.00 0.15 0.28 0.29 0.25
NooPooKoo 0.93 1.09 1.06 1.04 0.15 0.30 0.29 0.26
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rates resulted in reduction of P,O, content (Table 2). In
our experiment, significant P,O, changes in grain and
straw were not observed in 2001. In 2000, for spring
wheat, close correlation was found between the P content
in grain and the straw cropyield (r=0.820).

The 3-year averagesshowed increase in PO, content
by 0.03-0.05% in spring wheat grain due to growing P
fertilizer rates at lower N level, but at higher N level
decrease in PO, content was observed.

In straw, lower phosphorus content was observed in
1999 when application of increased P fertilizer rates
resulted in decrease of phosphorus content by 0.02% at
a lower nitrogen rate (N ). However, in 2000, 0.5%
increase was observed. At higher N level, some tendency
of increased P,O; content was found in 2001. Average
results showed increase in P content at lower N level
provided only by P fertilizer rate 45 kg ha', but at higher
N level this tendency was observed with other P fertilizer
rates.

Collinearity Diagnostics testing between grain, straw
yield and P content in yield showed that this relationship
in spring wheat was observed only in 2000 with more
suitable meteorological conditions and the highest yield:
for grain r=0.798, and for straw r=0.874. For winter
wheat, close correlation between grain yield and its P

content was found in 2001 (r==0.905), but between straw
yield and its P content in 2000
(r=-0.678).

Increase of P fertilizer rates in winter wheat resulted
inmost expressed tendency to increase the P removal
with grainyield, as it was observed in 2001 (Table 3) as
well as in 1999, except for treatment N ,,P K, For
straw yield, this tendency was observed over all
experimental years at the lowest nitrogen rate (N)-
Total P removal was highest in 2000, when the highest
grain and straw yields of winter wheat were obtained.
An increased P,O; rate resulted in increase of total
(grain+straw) P removal from 41.5 to 54.3kg ha' on
average applying N . AtN,, , P removal was from 46.7
to 59.5 kg ha'. This observation was found when
applying up to P_, but at P, , some reduction in
phosphorus removal was found.

The increase of P fertilizer rates at both N levels
contributed to N uptake in winter and spring wheat by
12.7-30.7 and 14.3-18.6 kg of N ha’l, respectively. In
spring wheat, certain variation in P removal was
observed between the experimental years. However,
highest P removal was observed in 2000. In this year,
correlation between the increase of P rates and P
removal was closest. In spring wheat, increased P

Table 3
P,O, removal by winter wheat yield, kg ha"
Treatment Grain Straw Graint+straw
1999 | 2000 | 2001 | average | 1999 | 2000 | 2001 | average | 1999 | 2000 | 2001 average
NoPoKo 265 | 32.8 | 29.7 30.1 3.6 9.9 6.6 7.4 30.1 | 42.7 | 36.3 37.5
NeoPoKoo 313 | 341 | 354 33.7 4.1 9.6 7.8 7.8 353 [ 436 | 43.1 41.5
NsoPsoKoo 36.0 | 45.1 | 38.7 40.7 49 10.5 7.6 8.4 41.0 | 556 | 46.4 49.1
NeoPsoK g0 354 | 503 | 41.1 43.6 50 | 116 | 8.1 9.2 404 | 619 | 493 52.7
NeoP120Koo | 38.7 | 49.7 | 43.3 447 6.3 11.7 8.4 9.5 450 | 61.4 | 51.7 543
Ni20PoKso 349 | 37.4 | 40.2 37.6 43 {116 | 8.5 9.1 39.1 | 49.1 | 48.7 46.7
Ni20PsoKoo | 39.6 | 58.5 | 44.5 49.2 43 | 134 | 9.2 10.2 43.8 { 72.0 | 53.7 59.4
Ni20PooKoo | 39.7 | 57.6 | 45.2 49.1 48 | 13.0 | 10.0 10.4 445 | 70.6 | 55.2 59.5
Ni20P120Koo | 39.2 | 49.4 | 45.7 456 145 12.8 | 10.1 10.3 437 1622 | 558 55.9
0,05, 5.9 - 1.4 — 6.7 -
* — this criteria is applicable for evaluation of differences between both treatments and years.
Table 4
P,O, removal by spring wheat yield, kg ha"!
Treatment Grain Straw Graintstraw
19991 2000 { 2001 Javerage| 1999 | 2000 |2001 |average| 1999 | 2000 | 2001 average
NoPoKo 280 383 322 33.4 4.5 9.7 1122 93 325 | 48.0 | 444 427
NeoPoKoo 31.5] 42.1 37.2 37.5 49 94 | 13.0| 95 36.4 | 515 | 50.2 47.0
NeoP4sKoo 35.1| 46.3 40.0 41.1 44 | 11.6 | 14.7] 109 39.5 | 57.9 | 54.7 51.9
NsoPsoKoo 3421} 474 394 41.1 42 1123|144 11.0 384 | 597 | 538 52.1
NeoPsoKso . | 37.3 | 48.2 38.9 42.1 4.0 134 1135] 11.0 | 413 616 | 523 53.1
NooPoKoo 3731 46.2 38.6 41.2 5.6 12.8 | 123 10.6 | 429 | 59.0 | 50.9 51.9
NsoPasKoo 28.8 | 50.2 37.8 40.3 44 1421147 119 332 [ 644 | 526 52.1
IN9oPsoKoo 286 509 414 41.7 54 [1371162]| 126 340 | 646 | 57.6 54.3
NooPooKog 3141 528 423 434 53 14.7 {16.1 | 12.8 366 1674 | 58.4 56.3
voos. 5.1 - 2.0 - 6.5 -

* — this criteria is applicable for evaluation of differences between both treatments and years.
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fertilizer rates at N, resulted in total P removal from
47.01053.1kgha? onaverage, butat N —from 51.9 to
56.3 kg ha'! (Table 4). The increase of P fertilizer rates
at both N levels resulted in higher N uptake —
by 8.7-11.2and 8.7-10.6 kg ha, respectively.

Results of Anova Twwo-Factor analysis indicate that
P removal by 1 ton of grain and 1 ton of grain+straw of
winter wheat was influenced by fertilizers
(P=0.019-0.033) and weather conditions in a
particular experimental year (P<0.01). As to spring
wheat, differences were observed in P removal by 1 ton
of grain and straw in a particular experimental year
(P=0.004) as a result of nitrogen and phosphorus
fertilizer application.

Table 5 presents the amount of removed P in winter
wheat by 1 ton of grain and 1 ton of grain+straw. In

treatments with P fertilizer, applying N, the removal
of Pwas 7.6-7.8 kg t' reaching 8.4-8.5kgha' atN  in
treatments N, P_ K, and N, P K ,and 7.8 kg t'in
treatment N, P K Phosphorus removal at lower N
level was 9.2-9.5 kg t’, but in corresponding treatments
at higher N level — 10.1-10.2 kg t! and 9.5 kg t,
respectively.

Considering that phosphorus content was higher in
spring wheat than in winter wheat, P removal by 1 ton
of product was also higher (Table 6). Removal by grain
atN, changedfrom 9.1 to9.2kg t*, but at higher N rate
(N,,) — from 8.7 to 9.3 kg t*'. Total removal
(grain+straw) changed from 11.5 to 11.7, and from
11.2to 12.0 kg t!, respectively.

The obtained data showed that phosphorus

Table 5
P,0O, removal by 1 ton of winter wheat, kg ha™
Treatment Grain Grain+straw
1999 2000 2001 average 1999 2000 2001 | average
NoPoKo 8.26 6.62 7.14 7.33 9.37 8.61 8.72 9.12
NeoPoKoso 8.26 5.76 7.57 7.04 9.33 7.38 9.23 8.67
NsoPsoKoo 8.34 6.71 7.74 7.60 9.48 8.28 9.27 9.17
NsoPsoKoo 8.34 7.05 7.91 7.89 9.52 8.68 9.48 9.55
NesoP120Ks0 8.34 6.88 8.17 7.82 9.70 8.50 9.76 9.48
Ni20PoKs0 8.00 5.50 7.65 6.88 8.98 7.21 9.27 8.54
Ni20PsoKoo 8.51 7.83 8.34 8.45 9.49 9.62 10.07 10.21
Ni20PsoKso 8.51 7.65 8.34 8.36 9.55 9.38 10.19 10.13
Ni20P120K90 8.51 6.54 8.34 7.75 9.49 8.23 10.19 9.51
Table 6
P,O, removal by 1 ton of spring wheat, kg ha™!
Grain Grain+straw
Treatment | 1999 2000 2001 average 1999 2000 2001 average |
NoPoKo 9.33 8.60 8.26 8.84 10.83 10.78 11.39 11.30
NeoPoKoo 9.03 8.60 8.43 8.79 10.42 10.52 11.38 11.02
NeoP4sKoo 9.50 8.86 8.60 9.08 10.69 11.07 11.77 11.48
NeoPsoKso 9.40 8.86 8.60 9.09 10.56 11.16 11.74 11.52
NeoPsoKso 10.15 8.94 8.43 9.23 11.25 11.42 11.35 11.65
NooPoKso 10.20 8.69 8.69 9.22 11.73 11.09 11.46 11.59
NooPisKoo 7.69 9.03 8.17 8.67 8.88 11.58 11.35 11.22
NsoPsoK oo 7.55 9.03 8.94 8.91 8.98 11.46 12.44 11.59
| NogPooK oo 8.21 9.37 9.12 9.25 9.59 11.98 12.58 11.98
Table 7
Plant nutrient utilization coefficients, on average in 1999-2001
Winter wheat Spring wheat
treatment N P20s K20 treatment N P20s K20
NesoPoKoo 0.42 - 0.20 [NesoPoKso 0.38 - 0.20
NsoPsoKso 0.64 0.13 0.31 |NeoPssKso 0.52 0.11 0.35
NesoPaoKso 0.78 0.12 0.37 [NesoPsoKso 0.56 0.09 0.32
NeoP120Kso 0.93 0.11 0.40  [NsoPsoKso 0.56 0.07 0.35
Ni20PoKoo 0.47 - 0.48 |NgoPoKso 0.37 - 0.28
Niz20PsoKso 0.59 0.21 0.74 |NooPasKoo 0.47 - 0.51
Ni20Ps0Koo 0.60 0.14 0.74  |NooPsoKso 0.49 0.04 0.63
Ni20P120K90 0.63 0.08 0.74  [NogPgoKog 0.49 0.05 0.68 |
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utilization from fertilizers was rather low. It could be
explained by a comparatively high soil P content.
Nevertheless, during the experimental years, P was
utilized better by winter wheat than by spring wheat. It
should be emphasized that P fertilizers affected N use
efficiency and uptake by wheat (Table 7).

Growing P fertilizer rates from 0 to 120 kg ha!
resulted inincrease of N utilization coefficient by winter
wheat from 0.64 to 0.93 at N_K_, and from 0.59 to
0.63atN , K, . For spring wheat, the obtained average
data indicate low P fertilizer use efficiency, though in
particular years these parameters were higher. For winter
wheat, high N use efficiency affected by P fertilizers
should be emphasized. For spring wheat, P fertilizer
effect on N utilization was lower. Increased P fertilizer
ratesatN_ K increased N utilization coefficient from
0.52t00.56,but at N, K, - from 0.47 to 0.49. Input of
P fertilizer showed positive effect on K utilization for
both crops, however, higher parameters were obtained
for winter wheat. In balance calculations, P removal by
straw was not considered, as straw was chopped and left
on the field. Phosphorus balance calculations showed
that for winter and spring wheat, positive balance was
obtained inall treatments where P fertilizers were used.
We consider that P fertilizer rate should be increased
from 45 to 60 kg ha'!, because meteorological conditions
during the experimental years were not very favorable
and the obtained yields under similar soil conditions
usually might be higher.

Conclusions

Based on the results obtained infield experiments
on sod-pseudogley sandy clay loam soil with medium
and high phosphorus sufficiency level during 1999-
2001, the following conclusions are proposed:

1. phosphorus mineral fertilizer showed low effect
on P uptake by wheat plants;

2. nitrogen fertilizer influenced the P uptake by
wheat more than phosphorus fertilizer. Growing P
fertilizer rates tended to increase the P content in crop
yield;

3. phosphorus removal was more influenced by
meteorological conditions of a particular growing
season and was responsible for significant yield

variations;
4. the used P fertilizer rates for winter and spring
wheat provided a positive phosphorus balance in soil.
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Anotacija

Pétijumu merkis bija noskaidrot méslojuma ietekmi uz fosfora uzpemsanu un bilanci ziemas un vasaras
kvieSos, ka ari noskaidrot méslojuma izmanto$anos. Lauka izméginajumi veikti Augsnes un agrokimijas katedras
augsekas stacionara smaga smilSmala pseidoglejota augsné LLU Macibu un pétijumu saimnieciba “Péterlauki”
1999.-2001. gada. Kalija méslojuma deva bija nemainiga visos méslojuma variantos (K ), bet fosfora méslojuma
devas bija sekojosas: ziemas kvieSiem — P, P; Py P, unvasaraskviesiem — PP, P.; P, . Fosforaméslojuma
efektivitate tika pétita pie diviem slapekja limepiem: N un N, (ziemas kvie$iem), ka ari N, un N, (vasaras
kvieSiem). AtSkirigo meteorologisko apstakju ietekmé pétijumu gados bija vérojamas graudu kimiska sastiva un
iznesu svarstibas. Slapek]a méslojums fosfora uzpemsanu ietekmeéja vairak neka fosfora méslojums. Savukart
fosfora méslojums palielinaja slapek]a izmantoSanas koeficientu no mineralmésliem lidz 0.93. Visas lietotas P
méslojuma normas ziemas un vasaras kvieSiem nodrosinaja pozitivu kopéjo fosfora bilanci.
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The effect of phosphorus and potassium fertilization
on the efficiency of flax bacterization
Kalija un fosfora méslojuma ietekme uz linu bakterizacijas efektivitati

Natalia Mikhailouskaya, Nina Kurilovitch, Svetlana Djusova
Belorussian Research Institute for Soil Science and Agrochemistry,
e-mail: brissa@mail.belpak.by

Abstract. Results of the pot and field experiments showed that balanced phosphorus and potassium nutrition is
the main prerequisite for biological nitrogen fixation of associative N, fixing bacteria Azospirillum brasilense in
association with flax roots. Phosphorus and potassium are of prior importance for the formation of beneficial N,
fixing bacteria-plant roots association. Inoculation technology in complex with P and K fertilization provided a
significant increase in flax yield and improvement of fiber quality.
Key words: phosphorus, potassium, flax, diazotrophs, inoculation.

Introduction

Flax is a traditional crop for Belarus. At present,
flax occupies 68 000 hectares. Itis of great importance
to develop a modern ecologically friendly and
economically profitable technology for flax growing. It
is known that flax needs a relatively low level of N
nutrition, and high doses of nitrogen negatively influence
the yield and quality of flax (Adonun, Kopenckui,
1979). It is supposed that flax nitrogen requirement
might be partly supplied by biological nitrogen fixed by
diazotrophs bacteria in association with the flax roots.
In this case, balanced potassium and phosphorus
nutrition is of prior importance.

Azospirillum brasilense are plant growth pro-moting
rhizobacteria. These bacteria are widespread in soils of
temperate zones (YMapos, 1986). Data from the
experiments with cereal crops have demonstrated
benefit from Azospirillum inoculation (Bashan,
Levanony, 1990; Boddey, Dobereiner, 1995). Local
natural strain Azospirillum brasilense B-4485 possesses
high N, fixing activity both in pure culture and in
association with cereal roots. A. brasilense B-4485 was
very effective for the barley, wheat and perennial grasses
inoculation (Buabadurym, 1997; Mu-xaitnosckas,
1997, 1999).

Azospirillum brasilense was found to possess no
obligate specificity in respect of the host plant (Bashan,
Levanony, 1990; Bashan et al., 1995). Thus, it is of
great practical interest to test the effect of Azospirillum
brasilense B-4485 on the flax plant growth. As it is
known, flax requirement in nitrogen fertilization is
relatively low. Excess of nitrogen may result in lodging
of plants and development of diseases (Adonun,
Kopenckuit, 1979). There is information about the
reduction of fiber yield and quality due to excess of
nitrogen (AdonuH, Kopetckuit, 1979). The relatively

low need of flax plants for nitrogen suggests the
possibility to stimulate biological N, fixation by means
of associative diazotrophs introduction. The aim of the
present experiment was to study the aspects of flax
supply with biological nitrogen fixed by the diazotrophs
bacteria in association with the flax roots.

Materials and methods

The influence of phosphorus and potassium
fertilization on the activity of the flax—-Azospirillum
brasilense association was studied in the pot and field
experiments on sod-podzolic sandy loam soil during
the years 1999-2001.

In the pot experiment, the effect of inoculation was
studied at different levels of fertilizer application.
Mineral nutrition treatments were: P K, P,K,, NP K,
N,P,K,. Fertilizer doses applied (mgkg'): N, =20, P,
-40, K, - 60,N,-40, P, - 80,K, - 120. Flax cultivar
'Start’ was grown. The soil was characterized by
following agrochemical parameters: humus - 2.43%
(Tyurin method); pHKCI - 5.7; P,O, - 280 mg kg™;
K,O - 190 mg kg (Kirsanov method).

Fertilizer treatments in the field experiment were
as follows: N P, K, N, P K, N, P K * . Soil agro-
chemical parameters: humus—1.55% (Tyurin method);
pHKCI - 5.5; P,O, - 180 mg kg'; K,O - 160 mg kg
(Kirsanov method). The weather conditions in 1999
and 2001 were characterized by lack of precipitation,
but in 2000 - an excess of rainfall was observed.

In the pot and field experiments before sowing, flax
seeds were inoculated with peat mixed with local strain
of Azospirillum brasilense B-4485. Bacteria con-
centration in biological fertilizer was equal to 10 billion
cells per gram.

Flax fiber was obtained by water-retting. Fiber
quality was estimated using the quality index or average

* _ Here and afterwards for field experiment designation P, K, means 60 and 90 kg ha of P,0O, and K, O, respectively.
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straw number (Adounn, Koperckuit, 1979).

Results

The pot experiment showed benefit from a balanced
phosphorus and potassium fertilization in complex with
Azospirillum brasilense inoculation of flax. This
technology has led to significant improvement of the
flax yield component — the total and technical stem
lengths. PK application demonstrated highest re-
sponses of the technical stem length — 8.20-8.45 cm.
Introduction of Azospirillum brasilense was equivalent
to mineral nitrogen application. Inoculation responses
of the technical stem length on the background of NPK
treatment did not exceed 0.25 cm (Fig. 1). The same
tendency was observed for the total stem length which
was increased by 8.2-8.5 cm due to inoculation.

A beneficial effect of N, fixing bacteria on the flax
straw and flax seed yields was observed: the yield of
straw was 1.5-1.7 times and yield of flax seeds was 1.7
times higher compared with uninoculated P+K

treatments (Figs. 2, 3).

Experimental data showed that efficiency of bacteria
application at both studied NPK treatments was lower
in comparison with P+K+inoculation variants.
Inoculation responses of straw and flax seeds were
approximately two times lower (Figs. 2, 3).

Data of the pot experiments corresponded well with
the results of the three-year field experiment performed
also on sod-podzolic sandy loam soil. Effects of
Azospirillum brasilense inoculation on the yield of flax
seeds and flax fiber were equivalent to the application
of 15kg ha'N on the background with optimal doses of
phosphorus and potassium (P, K, ) (Table 1). High
and comparable yields of flax seeds and flax fiber were
obtained at treatments P, K +A. brasilense and
NP Ky NP K, +A. brasilense and NP
(Tables 1, 2). Top yields of flax seeds and long fiber
were observed as a result of N, P, K, +A. brasilense
and N, P K, application (Tables 1, 2). The field
experiment showed that use of the biological preparation

Azospirillum
control
response

N2P2K2

Fig. 1. Effect of the fertilizer and bacteria application on the technical stem length of flax (2001).

/' Azospirillum
-/ ‘tontrol
response

Fig. 2. Influence of fertilizers and inoculation on the yield of flax straw (2001).
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Fig. 3. Effect of fertilizers and inoculation on the yield of flax seeds (2001).

Table 1
The effect of fertilizers and A. brasilense B-4485 on
the yields of flax seeds and straw (1999-2001)
Treatment Flax seeds, t ha'' Flax straw, t ha”
control | A. brasilense | control | A. brasilense
NoPgsoKog 0.65 0.84 5.00 6.19
NisPsoKog 0.78 0.90 5.95 7.04
NagPgoKog 0.93 - 7.01 -
LSD 0.05 0.41
Table 2
The effect of fertilizers and A. brasilense B-4485
on the yield and quality of flax fiber (1999-2001)
Treatment Fiber vield, t ha” Fiber quality
total long fiber .
control | A.brasilense control A.brasilense control | Abrasilense
NoPeoKan 1.26 1.70 0.67 1.09 1.50 2.30
NisPsoKog 1.58 1.85 0.96 1.15 2.00 2.25
NigPsoKoag 1.88 - 1.19 - 2.00 -
LSD 0.15 0.08 0.17

of diazotroph bacteria has resulted in a significant
improvement of the flax fiber yield and quality. The
total yield of fiber was 1.5 times higher and the yield of
long fiber was 1.7 times higher at N ;P K, +A.
brasilense application compared with N P K,
application without nitrogen fixing bacteria intro-
duction. The best average quality index or “number” of
flax straws was obtained due to biological soil
management of flax N nutrition and PK fertilizing (Table
2}
Discussion

The pot and field experiments gave a possibility to
compare the efficiency of two different technologies of
flax growing — NPK fertilizing and biological N nutrition
together with PK application. The experimental data
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demonstrated no nitrogen deficit for flax plant at
inoculated treatments compared with N fertilizer
treatments. Efficiency of PK+A. brasilense soil
management exceeded the effect of NPK fertilizing.
Balanced phosphorus and potassium nutrition was the
main precondition for flax nitrogen requirement supply
with biological nitrogen.

For the formation of beneficial N, fixing bacteria—
plant roots association, phosphorus and potassium
concentrations in soil play the dominant role.
Underestimation of the phosphorus and potassium
supply for plants and rhizobacteria leads to the failure
of inoculation experiments. Balanced phosphorus and
potassium nutrition is one of most important pre-
conditions for a successful inoculation of crops with N,
fixing microorganisms.
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Phosphorus and potassium concentrations in soil
strongly affect N, fixing microflora survival, propagation
and activity in the root zone of plants. Optimal contents
of phosphorus and potassium in soil provided profitable
relationships between plants and both aborigine and
introduced populations of N, fixing bacteria.

Potassium concentration is a significant factor
affecting specific biochemical processes in plant roots.
Changes in potassium concentration influence the
amounts and chemical composition of the root
metabolites. As it is known, the increase of potassium
content stimulates the excretion of such metabolites as
malic acid and its derivatives by plant roots (Kraffczyk,
et al., 1984). Malic acid and its salts are found to be
most preferable sources of carbon for survival and
activity of associative N, fixing bacteria of the genus
Azospirillum (¥ mapos, 1986; Bashan, Levanony, 1990;
Kraffczyk, et al., 1984). Therefore potassium
concentration strongly affects formation of beneficial
association between the introduced population of
Azospinillum brasilense and the plant roots.

The three-year field experiment showed that
balanced phosphorus and potassium nutrition (P K,)
together with application of active natural strains of
Azospirillum brasilense is a beneficial technology for
flax nitrogen requirement supply.

Associative N, fixing bacteria Azospirillum
brasilense may benefit plants through several
mechanisms: production of plant growth promoting
substances, stimulation of root development, improve-
ment of mineral nutrients uptake and root-associated
nitrogen fixation activity. Plant growth promoting effect
of bacteria of the genus Azospirillum was found to exceed
the influence of diazotrophs of other taxonomic groups
(Okon, 1982).

Conclusions

The experimental data showed possibility of a
partial or full replacement of flax N fertilization by
bacteria application. The main precondition for
successful bacterization is a balanced phosphorus and
potassium fertilizing. Balanced PK nutrition provides
formation of profitable roots-introduced bacteria
relationships and stimulation of nitrogen fixation
activity in the root zone. No nitrogen deficit for flax
plants was found due to Azospirillum brasilense
inoculation in complex with phosphorus and potassium
fertilizing compared with NPK application. The three-
year field experiment demonstrated that the effect of
inoculation on the yield of flax seeds and fiber was
equivalent to 15 kg ha N application with an optimal
phosphorus and potassium rate (P K,). The
application of the biological preparation resulted in a
significant improvement of flax fiber quality. The best
quality of flax fiber was obtained due to application of
biological soil management of flax N nutrition and PK
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fertilizing. Implementation of the biotechnology may
benefit the ecology and economy of flax growing. The
biotechnology proved to ensure sustainability of
environment and effective use of plant resources.
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Anotacija

Noskaidrots, ka sabalanséts PK méslojums ir viens no galvenajiem priekSnoteikumiem slapek]a saistitdjas

ar PK méslojumu nodrosinaja biitisku linu raZas pieaugumu un skiedras kvalitates uzlaboSanos. Pétijumu rezultati
liecina, ka biologiski fiksétais slapeklis var daléji vai pat pilniba nodroSinat linu vajadzibu péc §i bartbas elementa.
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Fertilization systems and plant available PK in soil and in the crop yield
Augiem viegli izmantojama fosfora un kilija savienojumi augsné un $o
elementu saturs raza, lietojot dazadas méslosanas sistémas

Gintautas Greimas
Voke Branch of Lithuanian Institute of Agriculture, e-mail: sekretoriatas@voke lzi.it

Abstract. Two fertilization systems (organo-mineral and mineral) were studied in a field croprotation containing
52% of cereals in southeastern part of Lithuania over the period 1978-1996. Results show that farmyard manure
(FYM) applications (104 t ha!) in combination with fertilizers N, P .K,, once or twice per rotation (organo-
mineral fertilization system) increased the content of plant available phosphorus and potassium in topsoil (0-20
cm). This fertilization system significantly increased the accumulation of both elements in crops. Organo-mineral
fertilization system significantly increased the crop yield and the phosphorus and potassium removal. This
fertilization system also maintained a positive PK balance in the field crop rotation. Combination of FYM (rate
52tha') withN,, P K, considerably increased the plant available phosphorus content in topsoil, whereas
potassium increase was insignificant. Potassium removal with the crop yield was very high, what resulted in a
negative balance. Mineral fertilization system after a 18-years application almost did not change the plant available
phosphorus and potassium content in soil. Application of N,y P1Kss, tWice per rotation increased the phosphorus
and potassium removal with the cropyield. For this reason, potassium balance was negative, but for phosphorus

— positive.

Key words: fertilization system, phosphorus, potassium, removal, balance.

Introduction

Sod-podzolic loamy sand soils prevail in the
southeast of Lithuania. Their distribution is 64.3%
from the total area of agricultural land in this part of
Lithuania. These soils have a weak structure with a low
content of humus. The plant available phosphorus
(P,0O;) and potassium (K,0) level is very low (Mazvila
et al,, 1992). Therefore, the purpose of fertilization
systems is to supply crops with nutrients and provide
soil fertility increase.

Experimental results of Lithuanian and foreign
researchers show that yield of agricultural crops greatly
depends on plant available phosphorus content in soil
(Tripolskaja, 2000). E. Otabbong with co-workers
investigated the soil P status and distribution in soil in
the Ultuna long-term soil organic matter experiment
over the period 1957-1992. Balance sheet calculations
were performed based on cumulative P uptake in 35
years (1957-1997). Results showed that P deficit was
within range 10-60 kg ha'! indicating that some of P had
migrated to the subsoil (Otabbong, Person et al., 1997).

Long-term fertilizer experiments were set up in
northern Germany in 1988 to study the influence of
growing potassium fertilizer rates in sandy soils (0, 60,
120, and 180 K ha') on soil K test values and crop
yield. Rye and barley did not respond to K fertilization
ina 7-year period even though the soil test value of K,
plots (without K fertilizers) decreased from 90 to 30
mg kg within 3 years. This value remained almost
constant thereafter. Crop potassium removal reached
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75 kg ha'' of K and probably was supplied from the
soil’s non-exchangeable K fraction. Maximum potato
yield was obtained applying 60 kg ha" of K annually,
what resulted in soil K test value of 60 mg kg'. The
yield in control plots decreased to 21% from the level
in above mentioned fertilized plot (Wulf, Schulz et al.,
1998).

Fertilization intensity changes the level of available
phosphorus and potassium in soil (Nillson, 1993;
Niklicek et al., 1984). Therefore, the role of a
fertilization system is very important.

Application of various organic materials andin their
combination with mineral fertilizers has a positive effect
on physical and agrochemical properties of different
soils (Eriksson, 1980; Gerzabek et al., 1995). Plant
nutrient removal with crops depends on the yield size.
As the yield depends on the mineral and organic
fertilizer rates (Nillson, 1993), a rational fertilization
system should provide a high yield of crops as well as
increase the soil fertility. Therefore, plant nutrient
balance should be positive regardless of a crop rotation

type.

Materials and methods

The experiment was carried out on Sod-podzolic
sandy loam soil (HaplicEuvisols, FAO, 1990) formed
on fluvioglacial deposits at the Voke branch of Lithu-
anian Institute of Agriculture over the period 1979-
1996. The influence of the two fertilization systems
(organo-mineral and mineral) on the content of
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available phosphorus and potassium in soil and their
accu-mulation in the crop yield were studied.

Soil agrochemical properties before the experiment
were as follows: pHKCI 5.1-5.4, hydrolytic acidity
(according to Kappen) — 2.6-3.1 cmol(+) kg, ex-
changeable bases (according to Kappen-Gilkovich) -
5.6-7.4 cmol(+) kg, plant available phosphorus—110-
139 P,O, mg kg"' and potassium - 149-204 K,O mg
kg! (A-L method), humus (Tyurin method) - 2.07-
2.51%.

Farmyard manure (FYM) with peat or straw litter
was used as organic fertilizer. The average composition
was as follows: dry matter —25.7%, total N (according
to Kjeldahl) — 0.59%, P,O, (calorimetric method) -
0.20%, K,O (flame photometer)—0.45%. Ammonium
nitrate, granulated superphosphate and potassium
chloride were used as mineral fertilizers. The crop
fertilization scheme is seenin Table 1.

Soil samples were taken after each rotation (every 6
years). In the study, data from 1978 (before the

experiment), 1984, 1990, and 1996 are presented. Single
FYM (52 t ha') rate was calculated according to the
nitrogen amount in it and corresponded to 300 kg ha*
of N. Phosphorus and potassium applied with mineral
fertilizers were equivalent to 0.5 manure rate and
corresponded to 55 kg ha' of P,O, and 118 kg ha” of
K,O. In this study, designations P and K mean P,O,
and K, O, respectively. The phosphorus and potassium
field balance was calculated taking into account PK
applied with FYM and mineral fertilizers as input value,
and PK removed by crops as output value. Recovery
rate was considered as ration between PK applied with
fertilizers and PK removed by crops expressed as
percentage. For statistical analysis (LSD,), yield
variations among years were taken as replications.

Results

Data presented in Table 2 show a significant
influence of various fertilization systems on the plant
available P,0, and K,O content in topsoil (0-20 cm).

Table 1
Crop fertilization scheme in field rotation
Treatment
1 2 l 3 4 l 5 6
Crop Unferti- FYM twice per rotation FYM once per rotation Mineral
lized 104 t ha' 52tha” 52 tha’ 104 t ha" NPK
FYM+NPK FYM+NPK FYM+NPK | FYM+NPK | fertilizers
Potatoes - 52tha’ 26tha’ 52tha’ 104 t ha™ Niso
FYM+Ps K5 FYM+Pg Kis1 |FYM+Pg K s | FYM+PgKigi | Pi3sKaoo
Barley — Nag Noo Nso Neo Nizo
Lupine—oats - Nso Noo Neo Neo Nizo
mixture
Rye-+undersown 52tha’ 26 tha Noo Nso Noo
perennial grasses FYMrate+Pg Kis1 | FYMrate+Pg K3 PaiKiss PaiKis Pi36Ka99
Perennial grasses| — 0 0 0 0 0
Rye - Nizo Nizo Nog Noo Nizo |
Table 2
Influence of fertilization systems on the plant available
phosphorus and potassium content in topsoil (0-20 cm)
Year Treatments LSDys
L1 -2 3 4 —1— 51§
P,0s, mg kg soil
1978 125 131 117 123 110 139
1984 125 135 141 140 141 155 19.1
1990 93 137 127 123 118 119
11996 100 176 181 183 152 | 152
K20, mg kg™ soil
1978 149 155 160 204 164 195
1984 174 248 240 279 270 263 49.5
1990 110 208 218 223 235 171
1996 83 347 249 230 224 191
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Both rates of FYM (52 t ha and 104 t ha') similarly
increased the P,O,amount in soil - 2.3-3.5 mg kg soil
per year. Using mineral fertilization system, the level
insoil increased by 0.72 mg kg™ per year. In this case, P
increase was insignificant compared with its initial value.
On unfertilized plots, during 18 years of crop
cultivation, the level of plant available P,O, decreased
from 125 mg kg to 100 mg kg™ of soil.

FYM application (104 t ha') once or twice per
rotation significantly increased the plant available K,O
content in topsoil (treatments 2 and 5) compared with
its value before the experiment. A significant increase
in the content of available K,O was also observed at the
application of 52 t ha! of FYM in combination with
NPK fertilizers twice (26+26 t ha') per rotation
(treatment 3). Using this rate once per rotation or
applying mineral fertilizers alone had no influence on
available K,O forms in the soil.

Table 3 illustrates the P,0, and K,O removal with
the crop yield. After 18 years of manure use, the field
crops removed P,O; from 52.6 kg ha' to 101.4 kg
ha’, and K,O from 186.4 kg ha" to 578.5 kg ha'. In
unfertilized soil, phosphorus removal was from 48.3
kg ha! to 65.4 kg ha, but that of potassium — from
111.6 kg ha' t0252.2 kg ha™. The total (18 years) field
balance of P,O, and K,O is seen in Table 4. Data show
that the field balance of phosphorus was positive under
all fertilization systems. Recovery rate was from 167.5%

10225.3%.

Field balance of potassium was positive under
application of 104 kg ha! of FYM in combination with
NPK once or twice per rotation. Recovery rate was
from 115.9% to 119.2%. Using 52 t ha! of FYM or
mineral fertilizer alone, the field balance of potassium
was negative and its recovery rate was under 100%.

Discussion

The available phosphorus content in soil during the
experiment increased unevenly (Table 2). It was very
intensive during 1990-1996, what is connected with the
composition of used FYM. During the last three years,
FYM with straw litter was with a high P,O, and K,O
content. Previously, FYM with peat litter was used. The
P,O; content in organic matter of peat was more
constant compared with straw (Gerzabek et al., 1995).
This explains why P,O; level in soil was higher in 1996
than in 1984 and 1990. The influence of mineral
fertilization system on the content of available
phosphorus in soil was insignificant. It might be
explained by increasing mineral fertilizer rates what
caused soil acidification (from 5.4 to 4.6 pHKCI,
respectively) after a 18-years application. In this case,
part of available phosphorus was possibly transformed
into insoluble ferro-aluminium compounds.

In 1996, the level of available potassium in soil

Table 3
PK removal with crop yield, kg ha', 1979-1996
Treatments
Crops 1 2 3 4 5 6
P0s | K20 | P20Os | K:O | P.Os K20 [P2Os| KO |P0s| KO | P0s! K0
| Potatoes 48.3 2306 | 66.9 | 3694 | 603 | 350.8 {622 356.1 | 71.3 | 389.0 | 62.6 | 3922
Barley 55.0 {13841 91.0 | 3059 | 91.0 | 2947 [81.3 | 2580 |859 | 2724 | 824 | 267.4
Lupine-oats | 65.4 | 221.1 | 99.8 | 578.5 | 101.4 | 503.2 | 91.1 | 467.9 |96.4 | 531.1 | 96.4 | 483.0
mixture
Ryetgrasses | 583 | 1116 | 89.2 | 198.6 84.0 186.4 1929 | 256.0 [91.4 [ 2682 | 92.3 | 254.0
Perennial 55.6 | 252.2 | 65.4 | 389.4 | 62.4 | 361.5 |53.5]| 294.0 | 58.8 | 315.7 | 52.6 | 292.0
grasses
Rye 79.8 [192.5]97.5 | 284.5 | 103.8 | 2904 (949 | 2832 1 94.7| 291.1 | 98.0 | 3082
Table 4
PK field balance, 1979-1996
Applied with Removed with
Treat- | fertilizers, kg ha™ crops, kg ha Balance, Recovery rate,
ments | (manure+mineral | (main+by-product) kg ha %
fertilizers)
_ P;0s K;0 P20s K;0 P;0s K;0 P20s K0
1 - - 362 1146 —362 —1146 - -
2 1122 2466 510 2126 612 340 220.0 115.9
3 804 1774 503 1987 301 —213 159.8 89.3
4 804 1774 476 1915 328 141 168.9 92.6
5 1122 2466 498 2068 624 398 225.3 119.2
6 804 1774 480 1997 324 —223 167.5 88.8
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significantly increased compared with its initial content
under application of 104 t ha'! of FYM in combination
with NPK fertilizers once or twice per rotation.
However, the increase in available K,O over the period
1978-1996 was variable and probably was dependent
on soil’s sampling time and also some unknown factors.
Insignificant decrease in available K,O in topsoil under
mineral fertilization system might be connected with
the high removal of this element together with the crop’s
yield and intensive application of nitrogen fertilizers
(1800 kg ha! over the period 1979-1996), what
increased the leaching of K,O to subsoil.

Lupine-oats mixture, winter rye and barley used very
high amounts of phosphorus (Table 3). Compared with
unfertilized soil, phosphorus removal increased from
26.3t0 36.0 kg ha' (barley), from 25.7 to 36.0 kg ha™!
(mixture), from 12.0 to 23.0 kg ha (potatoes). The
influence of fertilization systems on P,O, removal was
approximately the same and was not directly dependent
onFYM rates.

Potassium removal was considerably higher
compared with phosphorus removal. The highest
potassium removal was with lupine-oats mixture,
potatoes, and perennial grasses. Cereal crops, such as
barley and winter rye, also removed comparatively high
amounts of K.O. Applying FYM twice (52+52 tha')
or once (104 t ha) per rotation (treatments 2 and 5)
considerably increased the potassium removal
compared with 52 t ha'* of FYM use only. However,
removal of this element from soil, compared with
unfertilized plots, was very high. Application of mineral
NPK fertilizers only (mineral fertilization system) also
significantly increased the K,O removal with the crop
yield.

Phosphorus field balance was positive under all
fertilization systems and was directly dependent on the
FYM rate. Mineral fertilization system also maintained
a positive phosphorus balance and its influence was
equalto 52 tha! of FYM. At this fertilization system,
the recovery rate was within 160-168%. 104 t ha™! of
FYM increased a positive phosphorus balance with
recovery rate from 220 to 225%.

Application of 52 t ha'! of FYM in combination
with mineral fertilizers once or twice per rotation as
well as mineral fertilizers alone maintained a negative
potassium field balance (Table 4). In this case, the
recovery rate was from 89 to 93%.

A positive potassium balance with recovery rate
from 116 to 199% was provided applying 104 t ha of
FYM in combination with mineral fertilizers once or
twice per rotation.

Conclusions

1. Use of 104 t ha'! of FYM in combination with
N, P, Ky, (organo-mineral fertilization system) once
or twice per rotation increased the plant available
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phosphorus and potassium content in sandy loam soil
as well as the PK content in crop yield. PK removal
with the cropyield was directly dependent on the used
FYMrate.

2. Fertilization with mineral fertilizers only
(mineral fertilization system) insignificantly increased
the level of plant available phosphorus and slightly
reduced the level of available potassium in the soil.

3. The P,0, and K,O field balance directly
correlated with the FYM application rate. Higher FYM
rates provided a higher positive PK balance in the soil.
Lower rates provided a positive phosphorus, but
negative potassium balance.

4. Mineral fertilizer system maintained a positive
phosphorus balance, the same as 52 t ha of FYM.
Potassium balance in this case was negative.
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Anotacija

Pétijumi veikti 1978.-1996. gada augsekas, kuras graudaugu ipatsvars sasniedza 52%. Iegiitie rezultati rada, ka
kiitsméslu lietoSana (104 t ha) kopa ar mineralmésliem N 1o 162K, T€1ZI vai divas reizes rotacija paaugstinija
augiem izmantojamo PK savienojumu daudzumu augsnes 0-20 cm slani un 3o elementu akumulaciju kultiraugu
ra%a. Sads méslojums nodrosinaja pozitivu PK bilanci augsekas rotacija. Savukart, lietojot tikai mineralmeéslus, 18
gadu laika augiem izmantojamo PK savienojumu daudzums augsné praktiski nemainijas. MésloSanas norma
NP 1Ky, divas reizes rotacija palielinaja $o elementu iznesi ar raZu un veidoja negativu kalija, bet pozitivu
fosfora bilanci.
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The efficiency of potassium fertilizers on the yield of agricultural
crops and agrochemical properties of soils of different genesis
Kilija méslojuma ietekme uz kultiiraugu razu un
daZadas genézes augSnu agrokimiskajam ipasibam

Zigmas Vaisvila
Lithuanian University of Agriculture, e-mail: LAA@NORA.LZUA.LT
Kristinas Matusevicius, Jonas Arbacauskas, Leonas Eitminavi¢ius
Agrochemical Research center of Lithuanian Agricultural Institute, e-mail: LZI_ATC@euteka.lt

Abstract. Fertilization experiments were carried out in crop rotation established on Epicalcari-Endohypogleyic
Cambisols moraine sandy loam in Central Lithuania and on glacial lacustrine silty loam soil in Lower Nemunas.
Plant available potassium in topsoil (0-20 cm) was 58 and 87 mg kg, and non-exchangeable potassium — 153 and
624 mg kg, respectively. It was found that potassium fertilization in combination with medium nitrogen and
phosphorus rates essentially increased the yield of winter wheat, sugar beet, spring barley grain and annual grasses.
However, use of potassium fertilizers on silty loam soil did not increase the yield of winter wheat and sugar beet.
Crops grown insilty loam soil assimilated potassium better than those grown in sandy loam. After application of
medium (109 kg ha ') potassium fertilizer rate, the amount of available potassium taken up by plants was 20 kg
ha! lower in sandy loam soil and 20 kg ha™! higher in silty loam, compared with the amount used with fertilizers.

Key words: soil genesis, potassium fertilizer, agricultural crops.

Introduction

The main source of potassium for growing plants
under natural conditions is weathering of potassium-
containing minerals. Potassium in soil is found in the
structure of minerals, absorbed on the surface of clay
minerals and organic matter, and also found in soil
solution (Barber, 1984; Onnanu, 1984).

All forms of potassium are in equilibrium and are
important for plant nutrition, although potassium
availability from different forms is different (Ouuany,
1984). The main source for plant nutrition is ex-
changeable soil potassium (Barber, 1984; Gosek, 2000).

According to the literature, efficiency of potassium
fertilizers greatly depends on the content of plant
available (exchangeable) potassium in soil (Svedas,
1993; Vaidvila, 1996; Kraus, 2000). The research in
Germany shows that the effect of K fertilizer is different
even at similar amounts of exchangeable potassium. It
is so because in soils of loess origin the crops can use
potassium from non-exchangeable fraction (Kuhlman,
Wehrman, 1984).

In Lithuania, a number of experiments have been
carried out to study the effect of potassium fertilizer on
the content of available potassium in soil (Vaisvila, 1996,
Svedas, 1993). However, not enough data is available
on agricultural crops grown in soils of different genesis
with a different potassium content. Therefore, the
objective of this study was to determine the effect of
potassium fertilizer on the yield of agricultural crops
and the productivity of a full crop rotation. The
influence of K fertilizers on the changes of plant
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available potassium taking into consideration the soil
genesis and potassium content in soil was also studied.

Materials and methods

Investigations were carried out in Middle Lith-
vanian lowland (1987-1991, Panevézys district,
Ramygala) and Lower Nemunas plain (1990-1995;
Sakiai district, Kritikai).

The soil in Ramygala is formed on moraine —
Epicalcari-Endohypogleyic Cambisol, sandyloam, and
is characterized by low plant available (58 mg kg*;
A-L method) and non-exchangeable (154 mg kg?;
Pchiolkin’s method) potassium content in topsoil. Soil
pHKCI -7.5.

The soil in Kritkai is formed on glacial lacustrine
sediments — Epicalcari-Endohypogleyic Cambisol, silty
loam, and is low in plant available potassium (86 mg
kg™), but high in non-exchangeable potassium (619 mg
kg!), pHKCi-7.4.

For the trials, four fields were used where winter
wheat, sugar beet, spring barley and annual grasses were
grown. Experimental scheme is presented in
Table 1.

The yield of winter wheat and spring barley is
presented at standard moisture (14%) content, that of
annual grasses—on dry matter basis, and of sugar beet—
at natural moisture content.

The potassium balance by agricultural crops was
calculated according to simple methodology: the input
was K amount applied with fertilizers, and output —
removed from the soil with agricultural cropyield.
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Table 1
The influence of fertilizers on the yield of agricultural crops and
crop rotation productivity
Wanter w::—rijd Spring Sugar beet Annual grass Metabolic energy
kg ha' yield, t ha™ kg ha yielc_jl, kg ha yielt}l], ke ha” f:-ﬁ
t ha t ha
wheat | barley
Cambisol, sandy loam (1987-1991)
Peo Poo Pss Pes
+NeoKo | 3.98 2.85 +Ni20Ko 26.6 +NeoKo 3.66 +N75Ko 64.8
+NeoKeo | 445 | 349 | +Ni2oKizo | 334 | +NeoKeo 4.04 +NisKss 78.6
+NeoKoo | 4.58 | 3.73 | +Nj0Kjes | 31.3 +NgoKoo 4.18 +N75K )00 739
+Ni2oKeo | 480 | 344 | +NaoKizo | 325 +N, 4.45 +N32sK7s 80.8
LSDgs [0.220 | 0.150 LSDgs 1.60 LSDgs 0.260 LSDgs 7.30
Cambisol, silty loam (1990—1995)
Pso Pog Pas Pss
+NeoKo | 5.60 4.24 +Nj20Ko 36.5 +NeoKo 6.38 +N75Ko 91.3
+NsoKso 5.54 5.02 +N20K 120 374 +NesoKso 6.58 +N7sK7s 95.5
+NsoKoo | 5.54 4.80 +Ni20K 65 36.2 +NgoKog 6.84 +N75K 109 93.8
+Niz0Ks0 | 6.12 5.31 +N210Kyo0 | 384 +NeoKeo 6.38 +N28K7s 101.0
LSDos [0.210] 0.200 LSDegs 1.90 LSDos 0.260 LSDgs 4.20
The amount of metabolic energy was calculated by~ (Vaisvila, 1996).

equations using the total content of digestible organic
material (Jankauskas, Jankauskiené, Svedas, 1999).

In the study, phosphorus and potassium are
expressed as oxides (P,0; and K,0).

Results

Winter wheat According to previous research—in
moraine sandy loam soils with plant available potassium
of 50-100 mg kg, K fertilizer application (together
with nitrogen and phosphorus) increased the yield of
winter wheat by 0.51 t ha. If K content in soil was
higher than 100-150 mg kg™, the same fertilizer rates
increased the yield only by 0.27 t ha! (Vaisvila, 1996).

Data presented in Table 1 show that the yield of
winter wheat grain reached 5.60 t ha' in potassium-
poor silty loam using only the nitrogen and phosphorus
fertilizers. Potassium fertilizers in combination with
medium rate of the nitrogen and phosphorus fertilizers
did not increase the yield of wheat. The yield in sandy
loam without potassium fertilization was lower (3.98 t
ha'). However, the yield of winter wheat grain was
increased by potassium fertilizers (0.60 t ha” or 13.1%)
compared with the yield obtained in plots without
potassium fertilizers.

When the rate of nitrogen fertilizers was increased
from 60 to 120 kg ha’, the yield of winter wheat increased
by0.35 tha™ in sandy loam, and in silty loam —even by
0.58 tha.

Sugar beet. According to the research data, the yield
of sugar beet increased by 3.0 t ha’, using potassium
fertilizers in soils formed on moraine, when the content
of available potassium in soil was 50-100 mg kg
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It was found that potassium content was almost
sufficient for sugar beet and winter wheat in silty loam,
where potassium availability was higher than in sandy
loam soil, and K might be used also from non-
exchangeable resources. The yield of sugar beet inssilty
loam was 9.9 t ha' or 37.2% higher than in sandy loam
soil where the content of potassium was similar. An
essential increase in sugar beet yield was not obtained
after using potassium fertilizers (120 kg ha?) in
combination with medium rate of nitrogen and
phosphorus fertilizers. Compared with plots without
potassium fertilizers, significant yield increase (1.9 t
ha) was obtained in silty loam after using high rate of
nitrogen (210 kg ha?). As to sugar beet, the yield
increased by 6.8 t ha™ or 25.6% in sandy loam soil using
potassium fertilizers (120 kg ha') in combination with
medium rate of nitrogen and phosphorus fertilizers.

Spring barley. Utilization of potassium from silty
loam soil by spring barley was also very effective,
therefore maximum yield (4.24 t ha') was obtained in
plots without potassium fertilizers. Vegetation period
for barley is shorter than for other crops, therefore
potassium fertilizer use in sandy loam increased the
yield by 0.88 tha? (30.9%), but in silty loam — by 0.78
tha(18.4%), compared with the yield in plots without
potassium fertilizers. The optimal rate of potassium
fertilizers was 90 kg ha'! in sandy loam, and 60 kg ha™' -
in silty loam soil. -

Annual grasses were more productive in silty loam
with more favorable soil physical properties, more
constant moisture regime and a higher plant nutrient
content. Insilty loamsoils, after applying only potassium
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Table 2

The influence of potassium fertilizers on
plant available potassium content in soil

Average sntiual Average removal of Pitagiom Cpntem of potassit_llm
fertilization rate K20, kg ha - L balance, —in topsoil me ke’ |
in crop rotation |a yield ; yieic + kg ha" bef?re aﬁ.er
increase experiment | experiment
Cambisol, sandy loam, 1988-1991, 58 mg kg' K;0
N7sPssKo 70.7 0 -70.7 59 52
N7sPssK7s 85.1 14.4 —-10.1 57 56
NzsPssK 109 90.2 19.5 18.8 58 57
Ni28PesKs 93.0 22.3 —-18.0 717 61
Cambisol, silty loam, 1990-1995. 87 mg kg™’ K;0
N1sPssKo 116.6 0 -116.6 88 107
N7sPsaKss 126.4 9.8 -51.4 89 113
N7sPssKioo 127.4 10.8 -184 88 124
Ny28PssKss 139.1 22.5 —64.1 89 116

and phosphorus fertilizers, the yield of annual grasses
was 6.38 t ha, in sandy loam soil — only 3.66 t ha. In
these soils, potassium fertilizers applied at a rate of 90
kg haincreased the annual grass yield by 0.46 and 0.52
tha?, respectively.

Crop rotation productivity. According to the
research data, average metabolic energy insiltyloam in
plots without potassium fertilizers reached even 26.5
GJ ha', what is 40.9% higher than in sandy loam.
Potassium fertilizers in moraine sandy loam with low
content of potassium were very effective: average crop
rotation productivity increased by 13.8 G ha™* (21.3%)
compared with plots without potassium fertilizers,
whereas in glacial lacustrine soil — only by 4.2 GJ ha’!
(4.6%).

Potassium balance and content in soil. According
to calculations, the crops removed comparatively more
potassium than it was used annually applying 75 or 109
kg ha! fertilizers in silty loam soil. Almost in all cases
negative balance was obtained, with the exception of
sandy loam soil where 109 kg ha™! potassium fertilizers
were applied annually (Table 2).

The maximum soil K utilization by crops was
obtained in silty loam. However, in this type of soil
(probably because of buffer capacity) the potassium
content did not decrease. In sandy loam soil, the amount
of available potassium decreased by 9 mgkg™'. Due to
application of potassium fertilizers, the amount of
available potassium in arable layer of sandy loam almost
did not change during the study period. In silty loam,
27 mg kg more potassium was found compared with
plots without fertilization.

Discussion

Complicated processes of plant nutrient migration,
transformation, and sorption take place in the soil.
However, the intensity of these processes differs in soils
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of different genesis (Barber, 1984; Onuanu, 1984).

The research showed that soil exchangeable
fertilizer potassium influenced the crop yield and
exhibited certain specific characteristics in soils of
different genesis. The yield of crops cultivated in silty
loam Cambisol of glacial lacustrine origin was
significantly higher than that obtained in sandy loam
soil. Potassium fertilizers were effective for all crops
grown in sandy loam Cambisol, while in silty loam soil,
K fertilizers were efficient only for spring barley and
annual grasses despite the fact that the content of
exchangeable potassium in soil was similar. The
experiment showed that the efficiency of potassium
fertilizers is influenced both by non-exchangeable
potassium content in soil and other soil characteristics,
as well as specifics of plant physiology.

Conclusions

1. The yield of winter wheat in silty loam soil of
glacial lacustrine deposits without potassium fertilizer
use was 1.62 t ha'! or 40.7%, of sugar beet—9.9 tha™ or
37.2%, spring barley — 1.39 t ha or 48.8%, annual
grasses (dry matter) — 2.72 t ha' or 74.3%, but
productivity of a full crop rotation was 26.5 GJ ha™' of
metabolic energy or 40.0% more than in sandy loam
soil on moraine with a similar content of potassium.

2. The yield of winter wheat in sandy loam soil was
increased by potassium fertilizers by 0.6 tha™ or 15.1%,
of sugar beet — by 6.8 t ha™ or 25.6%, barley - 0.88 t
ha! or 30.9%, annual grasses in dry matter — 2.72 t
ha or 74.3%, and average productivity of croprotation
—13.8 GJ ha of metabolic energy or 21.3%. Potassium
fertilizers were not effective in silty loam soil on glacial
lacustrine deposits with a similar content of potassium
for winter wheat and sugar beet, but the yield of barley
and annual grasses, and productivity of crop rotation in
this soil was increased by potassium fertilizers: by 0.78
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thalor18.1%;0.4tha' or 7.2%; 4.2 GT ha' o1 4.6%,
respectively.

3. Whenannual potassium rate was 109 kg ha'!, the
crops in sandy loam took up about 20 kg ha less, but in
silty loam — 20 kg ha"! more potassium than supplied
with fertilizers.

4. During the research period, plant available
potassium content in silty loam plots without K fertilizer
use almost did not change, but in sandy loam increased
by 9 mg kg
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Anotacija
Pétijumi veikti divés Epicalcari~Endohypogleyic Cambisol augsnés, viena veidojusies uz morénu malsmilts,
bet otra—ledaja ezera nogulumiem, putek]aina malsmilts. Veicot ilggadigus izméginajumus, skaidrota méslojuma
ietekme uz augsekas rotacijas produktivitati un kilija satura izmainam augsné. Noskaidrots, ka augsne, kas veidojusies
uzledaja ezera nogulumiem, spéj pilnigak nodrosinat kultiraugus ar tiem nepieciesamo kaliju, tadeéjadi samazinot

méslojuma vajadzibu.
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The influence of fertilization on different forms of
phosphorus and their change in soil
Meéslojuma ietekme uz dazadu fosfora savienojumu uzkrasanos augsné
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Abstract. Total, fractional, and phosphorus extracted by 7 different extragents were determined in soil samples
from crop rotation fertilization experiments in Skemiai, Radviliskis region, in Kriukai, Sakiai, and Rumokai,
Vilkaviskis region. A reliable increase of total phosphorus in layers 0-20 cm and 21-40 cm was obtained in plots
of long-term fertilization (28 years) experiment where high rates (90-180 kg ha') of phosphorus fertilizers were
used. However, total amount of phosphorus did not change essentially even in arable layer where 60-120 kg ha!
of P,O, was applied annually during the period of 8 years. When fractional phosphorus was determined by the
method of Chang-Jackson, the most significant increase in 1M NH,Cl soluble phosphorus was found in Skemiai
experiment, while in Kriukai and Rumokai the changes were insignificant. Compared with the A-I. method, other
investigated extragents extracted smaller amount of mobile phosphorus from soil - from 0.17% to 94.0%.

Key words: soil, methods, fertilization rate, phosphorus.

Introduction

High and invariable cropyield in most cases depends
on soil agrochemical properties (especially amount of
plant available P,O;) and fertilization. When research
on P fertilizer efficiency is carried out, it is necessary to
determine the phosphorus forms in soil, their
transformations, select analytical methods and derive
correlation coefficients in order to compare the data
from various methods.

According to Ribakova (Pbi6akosa et al., 1981),
who investigated various methods for phosphorus
determination in soil, the closest correlation of
phosphorus content with the crop yield was obtained
when anionic resin method was employed. The data
obtained by this method was very similar to the data
obtained by radiometric method. Use 0f0.5% NaHCO,
gives closer correlation with the crop yield compared
with 0.1IM HCI+0.3% NH,F. In pot experiments
carried out in England, correlation of phosphorus in
soil and crop yield was high when it was determined
using 0.01M CaCl, and the method of Egner-Riehm-~
Domingo (Hynlauder et al., 1996).

After comparing the methods of Olsen, Bray-1,
Bray-2, Morgan, Williams—Stuart, Dajer, Egner, Trog
and others in India, it was concluded that essential
correlation was obtained using methods of Dajer,
Williams-Stuart, Bray-1, Bray-2, and Olsen (Milap
and Dhillon, 1994).

According to the research data in Great Britain and
Greece, extraction of available phosphorus by 2%
NaHCO, was dependent on temperature. When
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temperature was increased by 1°C, the amount of
phosphorus in the extract increased by 3% (Simonis,
1996). With reference to V. Machacek, the amount of
phosphorus extracted by 0.01M CaCl, correlated with
phosphorus accumulated by plants (Machacek, 1996).
However, in Luvisol, with the rate of phosphorus
fertilizers 0-50 kg, the increase of phosphorus was linear
using the 0.01M CaCl, extraction. The changes were
not significant when high rates of fertilizers (80 kg
ha! P) were used.

L. Vorobyova (Polese, Ukraine) found that in forest
soil, 0.01M CaCl, solution extracted phosphorus from
the soil liquid phase and partly from that part of reserve
pool which relatively easily moves from the soil solid
phase to the liquid one. This exhibits the phosphate
availability in non-calcareous soils (BopoGbeBa et al.,
1995).

Material and methods

The investigations were carried out during 1971~
2000 on the basis of multi-factor experiments in four
locations. In Skemiai, Radviliskis region, the soils were
Epicalcari- and Endocalcari Endohypogleyic Cambisol
(WRB, 1998), morainic sandy loam (Brown gleyic
calcareous sandy loam, Lithuanian Soil classification).

Crop rotation experiment in Kriukai, Sakiai district,
lasted for 8 years. The soil was Epicalcari-Endo-
hypogleyic Cambisol (WRB, 1998), glacial lacustrive
silty medium loam.

Crop rotation experiment in Rumokai, Vilkaviskis
region, lasted for 3 years, and the soil was Calcari—~
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Epihypogleyic Luvisol (WRB, 1998), glacial lacustrive
silty light loam. Soil samples were mineralized by
concentrated H,SO, in Kjeldahl apparatus. Total
phosphorus was determined using colorimetric method,
fractional phosphorus — by the method of Chang-
Jackson (Ackunasy et al., 1963), mobile phosphorus —
by following methods:
- M-01 buffer solution:
CH,CH(OH)COOH +CH,COOH +CH,COONH,,
pH 3.7 (Egner-Riehm—-Domingo), 1:20*;
- M-02: 2% NaHCO,+0.76% (NH,), SO,,
pH 7.0, 1:25;
- M-03: 0.01M CaCl,, 1:25;
- M-04: 0.03% MgSO,, 1:5;
~ M-05: Pi test — H,O 1:50 sorption on anion
resins and re-extraction by 0.1M HCI;
- M-06: 0.5M CH,COONH, +
+0.05M CH,COOH+0.02M Na,EDTA,
pH 4.65, 1:10;
- M-07: 0.5M CH,COONH_+
+0.05M CH,COOH+0.02M Na, EDTA,
pH 7.0, 1:10.
Phosphorus fertilizer rates and their content in soil
are presented in oxide form (P,0;).

Results and discussion

According to the research data, concentration of
total phosphorus in soil might be changed using long-
term fertilization with a high phosphorus fertilizer rate.
In the experiments, the amount of total phosphorus in
comparison with the control increased 1.48-1.51 times
in Skemiai, where fertilization was used for 28 years

(N120-180P woso - andN 120-180F 120—180K90-120)' Where high

phosphorus and potassium fertilizer rates without
nitrogen were used — even 1.7 times higher (Table 1).
Use of moderate fertilization rates for 8 and 3 years did
not significantly change the phosphorus content.

Use of fertilizers influenced distribution of
phosphorus among different fractions detected
by the method of Chang-Jackson (Fig. 1). In
long-term experiment in Skemiai, in plots with
N 00Pos_120Ks01200 the phosphorus amount in arable
layer (0-20 cm) doubled; in 2140 cm layer —increased
1.46 imes. When phosphorus fertilization rate was 120-
180 kg ha', the amount of soil phosphorus in arable
layer 0-20 cm increased 3.1-3.4 times, and in layer 21-
40 cm - doubled. Using phosphorus extraction from
topsoil samples by ammonium fluoride, due to
phosphorus fertilizer use the relative amount of
phosphorus increased more in organic fraction than in
mineral fraction, but in subsoil - just the opposite. An
analogous tendency was also observed
using phosphorus extraction by 0.1M NaOH. In plots
where phosphorus fertilizers were used, changes in
IMNH,Cl extractable phosphorus were very low and
formed only 1.3% from all other fractions. In plots with
systematic fertilization, the phosphorus content
increased 9.6 to 24.8 times. A considerable increase of
aluminum phosphates (extractable by 0.5M NH ,F
solution) and calcium phosphates was found, although
the increase of tricalcium phosphate concentration was
not so expressed. Crop rotation experiment in Kriukai
lasted for 8 years and revealed that in topsoil (0-20 cm)
the sum of phosphorus in all fractions did not change
significantly in comparison with unfertilized control.

Long-term fertilization and total phosphorus (P,0,) content (%) in soil, fevlel
and standard deviation, 1998
Skemiai, Radviliskis region Kriukai, Sakiai region
0-20 cm 21-40 cm 0-20 cm 21-40 cm
Treatment layer layer Treatment layer layer
Control 0.106+0.008 | 0.083+0.007 {Control 0.125+0.009 0.104+0.007
Neo-90Poo—120 0.118+0.009 | 0.100+0.008 [Pso Koo 0.127+0.009 0.105+0.007
Neo-90P90-120K90-120 0.1441+0.014 | 0.093+0.007 |Neo Po Koo 0.122+0.009 0.110+0.008
P120-180K 120-180 0.180+0.009 | 0.11940.008 {Neo Pso K9o/ 0.124+0.009 0.106+0.007
N 120-180P120-180 0.157+0.013} 0.111+0.009 [Neo P120 Kso 0.125+0.009 0.106+0.007
Ni20-180K20-180 0.105+0.008 | 0.082+0.007 [Ni20 PsoKiso 0.130+0.009 0.096+0.007
Ni20-180P120-180K90-120 | 0.160+£0.013 | 0.12240.010 [N120 P20 Kis0 (;.‘12710.009 0.106+0.007

* — Here and afterwards - soil/extractant ratio, w/v.
** - Here and afterwards designation P, K . and similar means 120 and 180 kg ha™! of PO, and K, 0O, respectively.
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Skemiai, Radviliskis region
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Fig. 1. Fertilizer use and fractional composition of
topsoil (0-20 cm) phosphorus, mg kg, 1998.

Mineral phosphorus soluble in 0.5M NH,F increased,
but part of organic phosphorus soluble in 0.1M NaOH
decreased. However, in Rumokai, where investigations
were carried out in silty light loam soil only for 3 years,
the sum of phosphorus in all fractions increased even
by 21% in plots where the maximum fertilizer rate was
used.

In long-term experiment in Skemiai, significant
changes of mobile P,O, were obtained using different
analytical methods (M-01-M-07). The lowest amount
of mobjle P,O,was obtained in plots where phosphorus
fertilizers were not used, butonlyN . . K = .. The
highest amount of mobile P,O,was obtained when
P o 15K .15 Was applied (Table 2). However, the
amount of phosphorus analyzed by different methods
in above mentioned soil/solution ratio increased
unequally. The amount of mobile P,O, analyzed by A-
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L method (M-01) increased 4.0 times in
comparison with the control, but using
following solutions: 2% NaHCO,+0.76%
(NH,),SO, (M-02), Pi test (M-05), and
0.5M CH,COONH,+0.05M CH,COOH+0.02M
Na,EDTA, pH 4.65 (M-06) - increased 6.2-9.4 times,
using 0.03% MgSO, solution (M-04) - increased 18
times, but in 0.01M CaCl, solution (M-03) — 47.5
times.

Comparison among concentrations of soil
phosphorus extracted by different solutions revealed
that compared with A-L method (M-01) other
extractants extracted a lower amount of mobile
phosphorus, e.g. 11-53% ~ using M-02; 0.17-0.40%
- M-03;047-20.0% — M-04; 6.1-16.0% — M-05;

31.094.0% — M-06; 8.9-46% — M-07.
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Table 2

Long-term fertilization effect on the amount of mobile phosphorus in soil
extracted by different solutions, Skemiai, Radviliskis region, 1998

T¥eatncut P,0s mg kg™’ extracted by different extragents, and standard deviation
MOl | M02 | M03 [ Mo4 | M05 | M06 | M7
Topsoil (0-20 cm)
Control 88+10 6.1+0.8 0.6+0.1 1.6+0.4 6.3+42.2 38+2 2142
P120-180K 120180 350+35 | 40.6+1.84 | 10.8+40.2 | 76.0+7.7 | 59.2+28.8 237432 e
Neo-50Pso-120 243+12 | 24.0+18.6 | 5.0+3.9 | 23.9+16.0 | 33.1+10.0 | 173431 101434
[N60-90P90-120K90-120 218+18 | 14.4+13.6 | 3.5+0.8 16.542.9 | 3424123 | 177+15 100+1
Nso-90P120-180K 90-120 297432 | 37.949.6 | 3.0+0.59 | 17.9+2.7 22.1+2.2 16146 94+19
Niz20-180P120-180 300428 | 35.1+5.2 8.3+42.5 | 23.2+18.9 | 39.6422.4 | 200+14 12243
Nizo-180P120-180Koo-120 | 315+7 34.5+40.1 | 7.0+0.1 | 46.7+1.3 - - -
Ni20-180K120-180 67+13 4.4+0.5 0.3+0.1 2.0+0.8 4.142.5 24+7 12+5
Ni20-180P120-180K 120.10 | 320+7 | 42.843.0 | 9.6+1.6 | 64.8+6.7 - - —
Subsoil (21-40 cm)
Control 79.545 3.0+0.5 0.4+0.2 1.7+0.2 3.6+1.2 19.6+6.7 10+8
P120-150K 120 180 305449 | 35.847.0 | 42+1.6 | 36.4+7.1 38.0+49.9 | 204+50 | 128+49
Neo-50Pso-120 158+37 17.0+4.6 1.1+0.5 10.9+6.0 11.2+2.3 89427 45+6
Neo-90Ps0-120K90-120 158+52 12.8+5.9 1.0+0.7 3.7+1.9 10.3+0.9 76+51 51+37
[ N60-90P120-180K90-120 221478 | 30.0+411.5 | 2.442.0 | 22.9+12.6 | 42.3426.2 153+76 77+44
[Ni20-180P120-180 227435 | 23.1+5.3 | 2.0+0.6 12.4+44.8 17.849.6 | 139+13 | 76+22
Ni20-180P120-180Ko0-120 | 232489 | 27.3+13.7 | 2.6+29 | 24.4421 4 18.3+13.3 | 143+145 | 88+65
IN120-180K 120-180 83424 29408 | 0.4+0.1 2.2+40.1 5.2+1.6 23+15 18+17
Ni20-180P120-180K 120-180 | 252+19 | 30.942.3 | 2.6+02 | 21.8+0.4 30.4+40.1 155+14 | 138+6
Conclusions Acknowledgements

1. Extensive long-term fertilization considerably
changed the soil total phosphorus content. In Skemiai,
Radviliskis region, where fertilization was used for 28
years (NM P:zu-lmKuch and Nlm-lsnpm-me-mu)’
the total phosphorus content increased 1.48 times, but
using NP, . K . & — 1.7 times compared with
unfertilized plots. When high fertilizer rates were used,
easily soluble phosphorus content increased more
rapidly compared with other fractions.

2. Correlation analysis between A-L method and
others used in this study showed a relationship which in
all cases was reliable. The closest relationship was found
using ammonium acetate+Na,EDTA, pH 4.65 and
ammonium acetate+Na,EDTA, pH 7.0, but weakest —
using 0.01M CaClL,.

3. Evaluation of the positive and negative sides of
all investigated methods showed that A-L method
(uncertainty 7.9-9.5%) was the most appropriate. Also
the following solutions, because of their simplicity, low
costs and universality, can be recommended for testing
the soil mobile phosphorus and potassium: (1) 0.03%
MgSO,, (2) 0.5M CH,COONH,+0.05M
CH,COOH+ 0.02M Na,EDTA, pH 4.65, or (3) 0.01M

CaCl,
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Anotacija

Augsnes paraugi vakti stacionaros, ilggadigos méslofanas izméginajumu laukos, no aramkartas (0-20 cm) un
zemaramkartas (21-40 cm) augsnes slaniem. Augsné noteikts kopéjais fosfors un fosfora savienojumi, kas pariet
$kiduma, lietojot noteikta sastdva ekstragentu (kopuma salidzinati 7). Ilgstosa fosfora mineralmeéslu lieto3ana ir
batiski mainijusi gan kop€ja fosfora saturu augsné (pie lielam mineralméslu normam), gan ari fosfora savienojumu
frakcionalo sastavu. Izvértéjot dazadas augsnes fosfora noteikSanas metodes, analizgjot to priekSrocibas un trilkumus,
secindts, ka A-L metodi var uzskatit par piemérotako pétitajam augsném.
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The effect of a fertilization system on the yield and its quality in crop rotation
Augsekas rotacijas produktivitate un razas kvalitate
atkariba no lietotas mesloSanas sistémas

Vitali Lapa, Nadezhda Ivakhnenko
Belorussian Research Institute for Soil Science and Agrochemistry, e-mail: brissa@mail.belpak.by

Abstract. The study reports on the most effective fertilization system found for sod-podzolic loamy sand soil
underlaid by sand with high PK supply. This fertilization system included 100% compensation of yield PK
removal using fertilizer rates: P, K . and split application of 105kg ha™* of nitrogen. The system provided high
crop rotation productivity (6.14 t ha' feed units) and yield quality.

Key words: fertilization system, yield, crop quality.

Introduction

A rational fertilization system should ensure the
planned yield level of agricultural crops, improve the
yield quality and maintain the soil fertility. However,
use of technologies oriented to high crop yields not
always results in the improvement of product quality.
Weather conditions, fertility status, soil management,
crop variety and nitrogen fertilizers play important role
in the formation of the crop yield and its quality. On
sod-podzolic loamy sand soil, which is characterized
by good potassium and phosphorus supply, both level
of nitrogen nutrition and terms of N fertilizer application
during vegetation are of great importance (IlIke.n,
Ipyannkos, Iepenemiua, 1989).

The purpose of this investigation was to develop a
new fertilization system for high and sustainable
productivity and yield quality in crop rotation (potato,
barley, winter rye and oat) on sod-podzotic loamy sand
soils with a high PK supply.

Material and methods

A long-term field experiment (1995-2000) was
carried out on sod-podzolic loamy sand soil underlaid
by sand at the depth of 0.3-0.5 m in Uzda district, Minsk
region. The soil was characterized by following
agrochemical properties: pHKCl - 5.9-6.2, hydrolytic
acidity~ 1.58-1.92, exchangeable cations (S)9.10-9.52
cmol(+) kg, exchangeable calcium - 4.4-4.8,
exchangeable magnesium — 1.3-1.6 cmol(+) kg,
mobile phosphorus (Kirsanov method) P,O, ~ 170-
290, mobile potassium K,O (Kirsanovmethod)-130-
230 mg kg! of soil, humus (Tyurin method) - 2.5-
3.0%.

The treatments included different levels of Kand P
fertilizer application. The rate calculation was as
follows: deficit balance (50% of yield removal
compensation), maintenance balance (100% of
removal compensation) and positive balance (150% of
removal compensation). Estimated cropyields: potato
-25.0 tha; barley, winter rye and oat-4.0 tha'. Crop
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rotation: potato, barley, winter rye and oat. Cattle
manure with straw (70 t ha') was applied in autumn
over the years 1994-1996. Manure composition: dry
matter — 31.5%, pHKCI - 8.55, crude ash — 51.3%,
total N - 0.36%, P,0, - 0.18%, K,O - 0.75%. The
experiment was performed in 4 replicates with total
plot size 45 m* Harvest area for grain crops — 32 m?
and for potato - 28 m?. Mineral fertilizers (am-monium
nitrate, ammoniated single superphosphate and
potassium chloride) were applied under presowing
cultivation in accordance with experimental treatments
(Table 1). Presowing soil cuitivation and plant growing
were performed in accordance with intensive tech-
nologies’ recommendations for the row and grain crops
(IlIxesnn, [pyauukos, Ilepenemiia, 1989; Annpees
u ap., 1986). Integrated plant protection system was
used.

Soil analyses were performed using traditional
methods: hydrolytic acidity — Kappen method,
exchangeable cations — Kappen-Gilkovitch method,
potassium and phosphorus — Kirsanov method,
exchangeable calcium and magnesium — in 1M KCl.
For evaluation of protein content in plants, Barnshtein
method was used. To determine N and P in plants, the
endophenol and vanadium-molybdenum calorimetric
methods were used. Potassium was determined using
flame photometer; calcium and magnesium — by atom
absorption. Organic fertilizers were analyzed using
traditional methods.

Weather conditions varied during the investigation
period of 1995-2000. The driest weather was observed
in 1996 and 1999, but 1995 and 1997-1998 were
characterized by almost normal weather conditions.
Temperature differences were less significant, except
for 2000 when strong frost was observed in May and
June. Hydrothermic coefficients during the inves-
tigations in 1995, 1996, 1997, 1998, 1999 and 2000 for
the vegetation period (April, May, June, July, August)
were equal to 1.42, 1.18, 1.92, 2.48, 0.85, and 0.98,
respectively.
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Table 1
Fertilizer application in crop rotation (1995-2000)
Treat-| 3 NPK for Potato Barley* Winter rye** QOat
ment | crop rotation, ‘Orbita’, ‘Sjabra’, "Verasen’, ‘Dukat’,
kg ha” 1995-1997 1996-1998 1997-1999 1998-2000
1 Without fertilizer (control)
2 Manure, Manure, Aftereffect of Aftereffect of Aftereffect of
70 tha' - 70tha™ - 70 tha” manure | 70 tha  manure | 70 tha" manure
background background
PK positive balance
3 NiooP2so NooP7o NeoP7o P7g + Nogo NgoP1o
4 NagoKsio NooK 150 NeoKi20 Kj20+ Nog NeoK20
5 P2soKs10 P2oKs0 P2oK120 P20K20 P7oKi20
6 NigoP2soKs10 NeoP70Kis0 NzoP70Ki20 P70K 20 + Neo NioP70K120
7 NsooP2s0Ks10 Nog P7oKjs0 NesoP70Ki20 P70K120+ Noo NeoP7oK 120
8 Na20P280Ks10 Ni20P70Ki150 NeoP70Ki20+N3o | P7oKi20+Noo+N3o | NsoP70Ki20+N3o
PK maintenance balance
9 P160Ka60 PaoKi20 P4oKso PioKgo P4oKso
10 | NysoPjs0Ksso NeoP1oK 20 N3gP40Kso P4oKso+Neo N30P40Kso
11 | NiooP160Ksso Noo P1oKij20 NeoP4oKso PaoKsgotNoo |  NeoPsoKgo |
12 | Na2oPis0Kis0 Ni20P410K 120 Neo PsoKso+Nig PaoKgo+Nog+Nip NeoP1oKszo+N3o
PK deficit balance
13 PgoK 80 P20Kso P20Kao P20Ka0 P20K40
14 | NjgoPsoKjso NeoP20Ks0 N3oP20Kag P20Ka40+Nso NaoP20K40
15 | NiooPsoKiso NooP2oKeo Neo P20Kao P20Ka0+Ngo NeoPz0Kso

* —additionally N, at phase 32 (Zadoks scale) for barley and oat;
** N inspring at the beginning of vegetation + N, at phase 32 (Zadoks scale) of winter rye.

Results and discussion

Experimental results showed close correlation
between fertilizer efficiency, crop productivity and
weather conditions. The highest yield (23.4 t ha') and
a payback of 21.4 kg of potato tubers per 1 kg NPK
applied were obtained using organo-mineral
fertilization system with maintenance PK balance
(NP K,* ) (Jlama, Maxuenxo, 1999). Also for
barley ‘Sjabra’ the highest grain yield (4.4 t ha) was
observed using fertilization system with maintenance
PK balance, what included P, K, application,
aftereffect of 70 t ha! of manure, and split nitrogen
application (N at basal fertilizing and N, at phase 32
of development (Zadoks scale)) (Table 2). This
fertilization system provided a 1.7 t ha* grain response
due to NPK application, including 0.8 t ha" as a result
of N fertilizers. Payback of 1 kg NPK was equal to 8.6
kg of grain, but payback of 1 kg N fertilizers reached 8.9
kg of grain (JIana, Baxsenko, 2000).

The maximum yield of winter rye ‘Verasen’ (4.1 t
ha') was observed using fertilization system with
maintenance PK balance, when 240 kg ha! of NPK
(N, P Ks,) Was applied (Table 2). Payback of 1 kg
NPK fertilizers was equal to 7.3 kg, but for 1 kg of N
fertilizers — 14.7 kg of grain. Grain response due to

aftereffect of organic fertilizers reached 0.11 t ha!. There
was a 0.08-0.20 t ha’! grain yield increase due to
application of K and P fertilizers. In 1997 and 1998,
efficiency of NP treatment was 0.16 and 0.08 t ha! higher
compared with the use of NK fertilizers. The increase
in N fertilizer rates led to the cropyield increase using
all studied fertilization systems. Maximum payback of
mineral fertilizers (NPK) was obtained using
fertilization system with a deficit PK balance. The
highest N fertilizer payback was observed at N,
application in spring (at the beginning of vegetation)
using fertilization system with a deficit or maintenance
PK balance (Table 2).

As three years’ average, the maximum yield of oat
grain (3.73 tha') was obtained after application of 210
kg ha" of mineral fertilizers including 90 kg of nitrogen
(split application) and P, K, (maintenance balance).
The payback of 1 kg NPK was equal to 5.0 kg of grain,
but payback of 1 kg N —to 9.3 kg of grain (Table 2).

It was found that the highest crop rotation
productivity, i.e. 6.14 tha” feed units (f.u.), was obtained
by split application of the highest N fertilizer rate (105
kg ha') using P, K'(100% compensation of the P,O,
and K,Oyield removal). At this treatment, payback of
1 kg of NPK was relatively high - 8.7 f.u., but payback

* — Here and afterwards designation NP, K,  and similar means 40 and 120 kg of P,0,and K,O, respectively.
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Table 2
Effect of a fertilization system on crop rotation productivity
Yield, tha” Annual Yield increase, |Response, f.u. per
Treat- Sriniter yleld tha' fu. 1 kg of fertilizers
ment | potato | barley rye oat | tha'fu.
NPK N NPK N
1 14.4 2.22 1.96 2.34 3.40 - = - =
2 18.7 2.71 2.07 2.68 4.09 - - - -
3 21.5 4.16 3.88 3.17 5.67 1.58 - 10.9 -
4 18.8 4.33 3.84 3.49 5.62 1.53 - 7.6 —
5 19.8 3.85 2.56 3.20 5.09 1.00 — 5.1 -
6 21.7 425 3.51 3.49 5.69 1.60 0.60 6.6 13.3
7 232 4.37 3.86 3.66 6.04 1.95 0.95 7.2 12,7
8 229 4.55 3.97 3.92 6.20 2.11 1.11 7.0 10.6
9 20.1 3.61 2.36 2.89 4.72 0.63 - 4.8 -
10 23.4 4.10 3.55 3.30 5.72 1.63 1.00 9.3 222
11 21.9 4.14 3.67 3.35 5.68 1.59 0.96 7.8 12.8
12 22.8 441 4.12 3.73 6.14 2.05 1.42 8.7 13.5
13 19.9 3.44 2.28 2.85 4.59 0.50 - 7.8 -
14 21.0 3.96 3.46 3.29 5.44 1.35 0.85 12.3 182
15 21.8 3.90 3.64 3.50 5.62 1.53 1.03 10.9 133
LSDgs 1.4 0.26 0.24 0.28 0.20 - - — —
Table 3
Influence of a fertilization system on crop quality
Potato tubers Winter Annual
Treat- dry starch nitratesl, Potato | Barley rye Oat protein :
ment | matter mgkg~ | (tubers) | (grain) (grain) (grain) | vield, t ha
% protein content in dry matter, %
1 223 14.1 54.1 8.7 8.3 6.9 6.0 0.172
2 21.3 14.2 59.6 8.5 8.8 7.3 6.7 0.222
3 20.8 13.9 92.7 10.2 9.0 8.7 8.2 0.335
4 20.3 13.0 94.8 10.0 8.9 8.5 8.0 0318
5 19.6 13.2 64.0 8.7 8.5 7.8 7.1 0.254
6 19.7 13.6 84.1 10.2 8.6 8.1 - 7.7 0.319
7 21.0 13.1 97.6 10.1 9.2 8.7 8.2 0.358
8 20.1 134 106.2 10.6 9.4 8.9 8.7 0.376
9 20.6 13.4 56.8 9.2 8.5 7.5 7.2 0252
10 21.0 13.7 82.7 10.0 8.7 8.0 7.7 0.325
11 19.9 134 98.5 10.3 9.5 8.6 8.1 0.334
12 20.1 13.2 123.0 10.3 9.5 9.1 8.2 0.366
13 21.6 14.2 55.8 8.6 8.7 7.9 6.9 0.246
14 20.6 13.7 91.3 10.5 8.8 8.1 7.1 0.309
15 20.3 13.4 87.8 10.7 9.0 8.4 1.3 0.329
LSDgs 1.01 0.59 11.2 0.4 0.28 0.33 0.35 -

of N fertilizers reached 13.5 f.u. Treatments which
included an average annual application of N i

(50% compensation of the P,0, and K, Oyield removal)
provided an average annual crop rotation productivity
- 5.44-5.62 t ha! fu., what was 0.65 t ha' fu. less
compared with 100% oompensation of the potassium
and phosphorus removal. However, payback of 1 kg
NPK was higher at this treatment—10.9-12.3 f.u.

64

PK fertilizer application which ensures its positive
balance (N, P, K average annual rates) did not
give asignificant crop yield increase in crop rotation. A
reduction of payback of 1 kg NPK to 6.6-7.2 f.u. was
observed (Table 2).

It is important to determine the main factors
effecting the crop yield after N fertilizer application
and at different PK balances (negative, maintenance

LLU Raksti 8 (303), 2003; 62-65
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and positive). Among these factors, soil fertility status,
soil management and crop variety were found to
dominate and affect the crop yield by 56-62%. We
estimated that nitrogen affected the plant yield by 16-
23%, the potassium and phosphorus influence was
estimated as 9-17%, but use of organic fertilizers— 11-
13%.

Agricultural production quality is one of most
important parameters in selecting an adequate
fertilization system. Experimental data showed that
application of mineral fertilizers caused reduction in
the dry matter and starch content in potato tubers. Also
increase in nitrate content in potato tubers was observed:
the highest (123 mg kg'') was obtained using 120 kg of
N and P_K,,, (maintenance balance). However, the
nitrate content was within the maximally allowed
concentration as set in Belarus (150 mg kg*). Another
important potato quality parameter is the protein
content. Peculiarity of potato protein is its high lysine
content what is significant in food quality. The content
of protein in potato tubers increased from 8.5 10 9.2%,
when potassium and phosphorus rates were raised from
0 to P,K,,. The increase of N fertilizer rates also
stimulated the protein accumulation in potato.

Among grain crops, barley was characterized by the
highest protein content. The maximum protein content
in grain (9.5%) was obtained by split application of
nitrogen fertilizers at treatment N at basal fertilizing
+ N, at phase 32 (Zadoks scale) using P, K, . For
winter rye grain—9.1% at N, inspring at the beginning
of vegetation + N_ at phase 32 (Zadoks scale) and
P, K, For oat grain - 8.7% at N in spring + N, at
phase 32 (Zadoks scale) and P, K _ (positive balance).

The highest protein yield (0.376 t ha™) in crop
rotation was obtained using average N, P, K . peryear.
The treatment with the highest productivity was
characterized by a higher protein yield - 0.366 t ha™!

(Table 3).

The highest productivity (6.0-6.2 tha'f.u.) and crop
quality was obtained due to average applicationof 17.5
t ha'! of organic fertilizers and using PK mineral
fertilizers for 100% yield removal compensation.

Conclusion

The highest crop rotation productivity on sod-
podzolic loamy sand soil was provided using the
following fertilization systems for potato tubers (23.4 t
ha') - 70 t ha' of manure + NP K, . for barley
grain (4.4 t ha') - N, P, K,; for winter rye grain
(41tha’)-N,, P K,; for oat grain (3.73 tha') -
N, 0P 0 Kso- Application of maintenance fertilization
system provided a high protein content in grain (8.2-
9.5%) and good potato tuber quality (starch-13.2%),
nitrates — 123 mgkg!, protein- 10.3%).
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Anotacija
Pétijumi veikti 1995.-2000. gada velénu podzoléta smilsmala augsné, kurai 0.3-0.5 m dzijuma atrodas smilSains
materils un kurai raksturigs augsts PK nodrosinajums. Lietotas méslosanas sistémas tika veidotas tadejadi, lai ar
méslojumu kompensétu noteiktu fosfora un kalija daju —50, 100 un 150% apméra, ko kultiiraugi iznes no augsnes
ar planoto raZu. Méslo$anas sistémas vértétas gan péc iegitas kultiraugu raZas lieluma, galvenajiem tas kvalitates
raditajiem, gan ari péc méslo$anas lidzek]u lietoSanas agronomiskas efektivitates.
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The effect of long-term fertilizer application on the phosphorus and
potassium balance in drained sod-podzolic soil
Ilggadigas mesloSanas lidzeklu lietosanas ietekme uz fosfora un
kalija bilanci drenéta velenu podzolaugsné

Inara Lipenite, Juris Stikans
Department of Soil Science and Agrochemistry, LLU, e-mail: linara@cs.llu.lv

Abstract. The effect of annual long-term application of different fertilizer rates on the phosphorus and potassium
balance in drained unlimed and limed soil has been investigated. Balance input and output elements were calculated
from the field trial data obtained during 1982-1999. It was estimated that application of fertilizer rates less than P,
and K, had led to the deficit of these nutrients in soil. A positive balance of potassium
(15-47 kg ha' yr') and phosphorus (20-47.8 kg ha! yr') was obtained using fertilizer rates P K,and P, K .
However, such surplus formed due to annual return of nutrients in the crop’s by-product. Sufficient increase in
available phosphorus content in soil was observed using P,,, though the increase in available potassium content

was found even using fertilizer rate K ..

Key words: phosphorus, potassium, nutrient balance, off-take, leaching losses.

Introduction

Efficient use of plant nutrients is a necessary action
to sustain long-lasting agricultural production.
Sufficient nutrient amounts ensure sustainable use of
soil recourses and improve the crop productivity. At
the same time, intensive fertilizing is related to a surplus
balance and nutrient losses. To minimize the high
surplus and losses of plant nutrients from the agricultural
system, their input needs to be reduced, but recycling
within the system — increased (Granstedt, 2000; Parris,
1998).

According to HELCOM and PARCOM recom-
mendations and the EC agricultural policy, nutrient
balances should be used: 1) to promote efficient
application of fertilizers, 2) to reduce nutrient losses
from agriculture, 3) to reduce inputs of nutrients.
Although among nutrients the primary limitations have
been settled for nitrogen, the use of phosphorus is also
a live issue. It is stated that the available phosphorus
content in arable topsoil should not exceed the
requirements of an acceptable crop production.
Phosphorus input should be of the same size as the
phosphorus removed (Jakobsson, 2001).

The EC directives do not limit the potassium
fertilizer application, but it is known that for an efficient
use and setting of potassium fertilizer rates the balance
method is the most appropriate (ITpokomes, 1988;
Diest, 1990). Nevertheless, other experiments show that
the difference method for assessing potassium and
phosphorus efficiency is not the most appropriate. It is
stressed that more useful might be the determination of
critical levels of readily soluble nutrients in each soil
(Johnston, 2001). An excessive use of potassium can
increase its content in crop production, change the Ca:K
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ratio in soil and stimulate the transfer of available
potassium into a more fixed form (Bocax, 2001).

In Latvia, large areas of arable land are naturally
acid, low in plant nutrients and are characterized by an
enhanced soil water percolation. Their effective use is
almost impossible without lime and fertilizer
applications and drainage. This can cause
environmental stress, especially on recultivated drained
soils with enhanced soil water percolation. Therefore
planning of fertilizer application on such soils should
be of major importance.

"The purpose of present investigations was to evaluate
the effect of long-term application of different
phosphorus and potassium fertilizer rates on the changes
in plant available phosphorus and potassium contents
in soil, losses of these nutrients by drainage water, and
the balance of potassium and phosphorus in soil.

Materials and methods

In 1981, a long-term field trial with experimental
drainage system was established at the Latvian Research
Institute of Agriculture (currently Skriveri Research
Centre of the Latvia University of Agri-culture) on sod-
podzolic soil (fine-loamy, mixed, semiactive Boralfic
Udic Argiboroll (Soil Taxonomy, 1994); Glossalbi-
Luvic Phaeozem (WRB, 2001)). The total area (1.6
ha) of experimental field was split into 16 plots (15x50
m). Each plot was supplied with a seepage tile drain at
adepth of 80-100 cm and an inspection well for drain
water samnpling.

Two-factor experiment layout was used.

Factor A - soil liming (oil-shale ash was spread at
the beginning of the experiment):

1. no liming;
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2.2.851CaCO, ha';

3.5.7tCaCO, ha';

4.11.4tCaCO, ha'.

Factor B—fertilizer use (annual rates):

1. no fertilizers;

2. NP K.*;

NP K

4. N135P90K135'

Crop rotation since the beginning of the 1982
experiment was as follows: winter rye, spring wheat,
spring barley, oats, potato, spring rape, clover. The main
soil parameters at the beginning of the experiment were:
pHKCI - 4.7-4.9, plant available phosphorus — 10-20
mgkg™ and potassium - 40-60 mg kg (Egner-Riehm
DL method) (TOCT 26209-84), soil organic carbon —
11-12 g kg (Tyurin’s method) (TOCT 26213-84).

The intensity of drain water flowwas measured and
water samples for analyses from each plot were taken
daily during the periods of drainage. Samples were
analyzed for phosphorus by colorimetric analysis
(molibdate complex), and for potassium —using flame
photometry.

The potassium and phosphorus balances were
calculated as difference between nutrient input by lime
and fertilizers, and nutrient output by crop yield plus
leaching losses by drainage water. Removal of
phosphorus and potassium by yield was calculated taking
into consideration the yield level and its chemical
composition for each plot during the whole period of
the experiment.

Results and discussion

Soil liming at the beginning of the experiment
resulted in an essential change of soil acidity.
Application of lime rate 2.85 t CaCO, ha" reduced the
exchangeable acidity of soil to pHKC1 5.2-5.8, rate 5.7
tof CaCO, ha' - pHKCI 5.6-6.4,and 11.4 t of CaCO,

ha'! - pHKC1 5.9-6.6 in comparison with initial pHKCl
4.74.9.

During the 17-years period of the experiment, the
content of plant available phosphorus and potassium
in soil changed significantly according to the lime and
fertilizer rates applied. Due to the very low phosphorus
content in soil at the beginning of the experiment, the
application of P, and P, led to further decrease of its
content and was below 6 mg P,O, kg™ at the end of the
experiment, especially when the soil was limed.
Essential increase of soil phosphorus content was
observed using only the maximum phosphorus rate P, :
by 39-81 mg kg depending on the lime rate. Unlike
phosphorus, the available potassium content during the
experiment had not decreased even without potassium
fertilizer application, probably due to its mobilization
from soil resources. Regular use of fertilizers (K, and
K,,,) increased the potassium content in soil 2-3 times
as it was at the beginning of the experiment. The
dynamics of PK changes in soil can be described using
the equations in Table 1.

The plant nutrient off-take was calculated from the
yield of crops’ main product and the nutrient con-
centration in it. The yield of the by-product always
remained on the field and the nutrients taken up by the
biomass were directly returned back into the soil. Results
showed that phosphorus (P,0,) off-take by the crop
yield varied from 8 to 46 kg ha™! yr? according to the
phosphorus fertilizer rate. The off-take from limed soil
was 3to 5 kg higher. The potassium removal was always
higher than that of phosphorus. In unfertilized soil, the
K,O off-take was 22-28 kg, with fertilizer rates K, —
50-57kg, K, - 69-85kg, and K ., — 90-98 kg per ha
per year (Fig. 1). Due to higher crop yields in limed
plots, the removal of phosphorus and potassium was
higher from limed soil than that from acid soil.

Leaching losses of phosphorus and potassium

Table 1
Dynamics of the changes of plant available phosphorus and potassium content in soil
Treatment Phosphorus Potassium
Fen:;tl;zer Ctafa(})ls, Equation of regression R’ Equation of regression R
NoPoKo 0 y=19.52-1.11x 0.76 v=49.l3—2.39}(-'-0.2;‘.‘%){2 0.96
5.7 y=15.89-0.92x 0.59 [v=50.02—-1.12x+0.1 'I"x2 0.98
NasP3oKas 0 |y=15.30+1.50x-0.10x" 0.49 |y=34.56+2.78x+0.03x" 0.98
57  |y=10.83+2.13x-0.13x" 0.70 |y=45.58-0.08x+0.20x" 0.99
NooPsoKso 0 v=5.49+5.81x-0.29x" 0.80 v=48.03-!~15.58x+{).2Sx2 0.98
5.7 y=9.80+5. lth-—O.Z_!ix_2 0.45 |y=49.76+7.60x+0.04x" 0.98
Ni3sPooKi3s 0 \p'=¢5.‘¢15+8.46x—(.'l.33){2 0.91 [v=29.79+11.53x+0. 13x° 0.99
B 5.7 y=24.83+3 .'3"151;—0.05:{2 0.94 [v=83 .ITIS.—(II.{]Cl\4x+0.64)(2 0.99

Note: x — number of years since the beginning of the experiment,
y~- content of plant available phosphorus or potassium in soil, mg kg

* ~ Here and afterwards designations N, P,;, K,/ (and similar) show the amount of nitrogen, phosphorus and po
tassium, kg per ha, which was applied with fertilizers and expressed for phosphorus as P,0, and for potassium as

K,0.
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caused by drainage were not significant. Most drainage
was formed inspring. The total annual amount of drain
water removed was 17-254 mm or 3-37% of the total
annual precipitation. Depending on the amount of
precipitation, about 0.1-0.5 kg of P,O, ha annually
leached from both limed and acid soils. The loss of
potassium reached 3.5-4 kg ha™! from acid soil and 0.6-
1.7 kg ha™ from limed soil (Stikans et al., 1996).

The phosphorus and potassium balance was related
significantly to the fertilizer rate annually incorporated
in the soil. Additional input of potassium and
phosphorus was by lime: 0.9 kg P,O.ha” and 12.2 kg
K,O ha' yr' for each limed plot using lime rate 5.7 t
CaCO, ha™. As the results showed (Fig. 2), the deficit
of phosphorus occurred in plots without phosphorus
fertilizer application. In limed soil with a small fertilizer
rate (P,;), the balance was also very low — only 0.2 kg
ha"'. Annual application of fertilizer rates P, and P,
led to a positive phosphorus balance because the
increase in phosphorus removal by the crop yield was
not very high. In spite of phosphorus accumulation by
about 45 kg ha per year using P, the increase in
available phosphorus content in the soil was not
significant — about 2.2-4.5 mg kg yr' depending on
the soil acidity level.

Due to higher removal by yield, the deficit of
potassium was more essential (Fig. 3). In experimental
plots without potassium fertilizer application, the deficit
was higher in acid soil than in limed soil because of
potassium input by lime. In spite of a high negative
potassium balance, the decrease in soil potassium
content during the experiment was not observed.
Potassium surplus was found only when fertilizer rates
K, and K, were used. Annual accumulation of 42-47
kg of potassium in soil led to a significant increase in
plant available potassium content by 10-12 mg kg
yr'. Nevertheless, the effect of such enrichment of soil
with plant available potassium and phosphorus on the
cropyield was not adequate. The increase in crop yield
applying P, K .., incomparison with P_K,, treatment,
was very low and gradually decreased during the
experiment.

Conclusions

The phosphorus and potassium fertilizer rates
annually incorporated into the soil have to be balanced
with the nutrient removal by the crop yield and the
expected losses. In soils low in available phosphorus
and potassium content, fertilizer rates can be increased
with the aim to maintain the soil fertility and improve
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Fig. 1. The effect of fertilizer rates on the phosphorus and potassium removal
by the cropyield (main product).
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Fig. 2. The effect of fertilizer rates on phosphorus balance in long-term field experiments.

68

LLU Raksti 8 (303), 2003; 66-69



I Lipenite, J. Stikans The effect of long-term fertilizer application on the phosphorus and potassium balance

o without lime applicationl

Bimed: 5.7 t/ha CaCO3 |
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Fig. 3. The effect of fertilizer rates on potassium balance in long-term field experiments.

the soil nutrient level. This mostly refers to phosphorus,
as the available phosphorus content was increased only
when the input surpassed the output approximately
twice. Liming of acid soil produced better conditions
for the formation of crop yield and thus enlarged the
output of nutrients from the soil. Surplus of nutrients
obtained due to large fertilizer rates shows the
inefficiency of these rates.
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Anotacija

Lauka izméginajumi veikti 1982.-1999. gada ilggadigaja lauka drenaZas stacionara Skriveros. Pétijumos noteikta
augsnes kaJkoSanas un regularas dazadu NPK mineralméslu normu lietoanas ietekme uz augiem viegli
izmantojama fosfora un kalija saturu un bilanci augsné. Noskaidrots, ka ik gadu, ka nekalkota, ta ka]kota augsné
iestradajot fosfora un kalija mineralmeéslu normas, kas neparsniedz 30 kg ha' P,O, un 45 kg ha'' K, O, 30 augu
baribas elementu saturs augsné samazinajas, jo to iznesa ar razu un izskalo§anas zudumi ar drenu noteci parsniedza
ienesu ar kajkoSanas materialu un mineralmésliem. Mineralméslu norma P, K nodroSindja pozitiva PK bilanci,
bet viegliizmantojama fosfora daudzums augsné batiski palielinajas, tikai ik gadus iestradajot 90 kg ha' P,O..
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Optimization of mineral nutrition for perennial ryegrass seed production
MesloSanas optimizacija ganibu airenes séklaudzéSana

Skaidrite Bumane
Skriveri Research Center, LLU, e-mail: skbumane@sveiks.lv
Suleiman S. Bughrara
Crop and Soil Sciences Department, Michigan State University, e-mail: Bughrara@msu.edu

Abstract. The efficiency of N fertilizer used in perennial grass seed production in Latvia may affect the nitrogen
rate, grass species, and soil type. Grass seed production is a very important factor for farmer’s income in Latvia.
The objective of this research was to obtain productivity results for perennial ryegrass (Lolium perenne L.) at
different rates of mineral nutrition. Field experiments were carried out on sod-podzolic sandy loam soil. The
following mineral fertilizer rates were used: N and P,O,, each 0, 30, 60, 90, 120, K,0-0,40, 80,120, 160 kg ha".
Productivity of biomass and seeds was dependent on the following variables: genetic characteristics of particular
cultivars, mineral fertilizer rates, and meteorological conditions of the growing period. This research examines
the effects of varying mineral fertilizer rates on dry matter and seed yields by using perennial ryegrass cultivar
‘Spidola’ and relies on the local weather conditions. The average biomass yield was 2.21-6.07 t ha'* (on dry matter
basis), while the average seed yields were 255-672 and 136-390 kg ha! in the 1st and 2nd year stand, respectively.

Key words: fertilizer use, perennial ryegrass seed production, yield quality.

Introduction

Grass species often used for forage production as
hay or pasture systems include timothy (Phleum
pratensis L.), perennial ryegrass (Lolium perenne L.),
meadow fescue (Festuca pratensis Huds), orchardgrass
(Dactylis glomerata 1..) and Kentucky bluegrass (Poa
pratensis L). High yields of perennial ryegrass seed
productionin Latvia depend on abundant plant-available
N.

Perennial ryegrass species has great seed production
potential. However, it is very difficult to use, practically
due to the many biotic and abiotic factors forming
interaction within the system plant-environment—
fertilizers. In order to obtain a good perennial grass
seed yield, it is important to have these following
preconditions: high enough temperature, rain during
the flowering stage, seed maturation, as well as the use
of proper cultivars with high seed yielding capacity and
the application of adequate fertilization.

Perennial ryegrass is amajor component in different
seed mixtures that are used for grassland management
and forage production. This grass species plays an
important role in grassland productivity and forage
quality. Agro-climatic conditions have a very significant
role in grass seed production and optimization of
mineral nutrition for perennial ryegrass (Havstad, 1998).

Perennial ryegrass cultivars ‘Spidola’ were
developed at the Skriveri Research Center of the Latvia
University of Agriculture (LLU). It is a tetraploid
cultivar developed by doubling the chromosomal count
of perennial ryegrass ‘Prickulu 59°. The ‘Spidola’
attributes are of higher productivity than those of
‘Priekulu 2’, have better winter hardiness, good disease
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resistance, and provide good feedlot. Also ‘Spidola’
cultivar shows a preference for certain growing
conditions, is better suited for mineral soils, prefers
loamy or loamy sand soils, and does quite well on clay
soils, but is somewhat less responsive on light soils.
Peat soils are not suitable for growing of this cultivar of
perennial ryegrasses and do not have the ability to
tolerate excessive moisture for the long growing season
period. It is suitable for inclusion in seed mixtures
planned for establishment of permanent pastures and
is a late maturing pasture grass, good for late grazing.
Presently there is no research in Latvia on which it
is possible tomake good fertilizer use recommendations
and provide advisory support to farmers involved in the
perennial ryegrass seed production. The objective of
this research was to obtain productivity results for
perennial ryegrass at different rates of mineral nutrition.

Materials and methods

Field experiments were carried out on sod-podzolic
sandy loam soil (Luvic Phacozem, WRB, 1998), pHKCI
6.5, plant available P,0, 110 and K,O 204 mg kg
(Egner-Riehm), soil organic carbon 12.2 g kg™
(Tyurins’ method). Meteorological conditions of the
growing season were characterized by increased rainfall
(280-370 mm) during the seed production period
(June-August) in both years (2000 and 2001).
Randomized complete block design with four replicates
was used. The plot size was 16 m2 Five fertilizer rates
were applied in both years. Perennial ryegrass (12 kg
ha) was planted using Nordsten seed drill in May 1999
and 2000 after field preparation. The following mineral
fertilizer rates were used: N and P,O,, each of them 0,
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30, 60, 90, and 120 kg ha!, K,0 -0, 40, 80, 120, and
160 kg ha! (ammonium nitrate, single superphosphate
and potassium chloride). Weed control was performed
using MCPA 1| ha! in mixture with 8-10 g ha! of
Granstar. Seed yield response of cool-season grasses to
spring-applied N is usually limited because of lodging
(Young, etal., 1999). Lodging of perennial ryegrass plant
is a widespread problem. Crop lodging reduces seed
yield and interferes with seed harvest (Young, et al.,
1996).

Lodging of the perennial ryegrass stand was
evaluated during the growing season using a scale from
1t0 10 (1=the stand is completely lodged, 10=lodging
is not observable). The biomass, dry matter content,
seed yield as well as its chemical composition were
determined. Seed yield was recorded from the 1st year
and 2nd year sward use. Analysis of yield components
and other parameters were also recorded. The Kjeldahi
procedure was used for total nitrogen and crude protein
determination as described by Bremner and
Breitenbeck (1983). Dry matter digestibility in vitro
was obtained. Analysis of variance (ANOVA) was
conducted using the GLM procedure of SAS (SAS Inst.,
1990) at P=0.005 to test the effects of year, location, N
treatment, and all interactions.

Results and discussion

Fertilizer application showed positive effects on the
increase of 1st cut perennial ryegrass biomass. The dry
matter yield doubled and even more, compared with
unfertilized plots (Fig. 1). Significant increase of seed
yield was also obtained in both cases using 1st year and

7 -
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DM yield, t ha
o w B9 W

[
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2nd year sward use (Fig. 2). The clear tendency in the
observed yield (both biomass and seed) was more
dependent on N fertilizer treatments than on phos-
phorus and potassium. Even relatively small fertilizer
rates provided a significant yield increase, e.g. dry matter
(DM) yield of 4.00 t ha! was reached when only
N, P, K,* was applied but it is 1.79 times or 81%
higher compared with unfertilized treatments. Further
increase of nitrogen rates up to the maximum used in
the experiment (120 kg ha) produced a positive effect.
Perennial ryegrass ‘Spidola’ responded to N fertilizer
application; the DM yield for 1st cut increased by 1.85
t ha' or 60% as applied N rates increased from 30 to 90
kg ha'. Comparison of treatments with constant
nitrogen applications but different PK fertilizer rates
demonstrated only a slight effect.

The maximum dry matter yield (6.07 t ha') was
obtained using the highest (in this experiment) fertilizer
rates: N, P K . or all together 400 kg ha" plant
nutrients. Evaluating the plant nutrient use efficiency
by a single parameter ~ the yield increase per 1 kg of
nutrients applied — the range of tested treatments might
be as follows: N, P, K, —~17.9, N, P, K . ~ 10.0,
NP K, — 142, N P, K, -228 N P K,  ~124,
and N, P K . —9.7kg. Medium nitrogen and small
PKrates (N, P, 40) provided the maximal perennial
ryegrass dry matter increase per 1 kg of nutrients applied
-228kg.

Seed harvested early in the season produced a low
weight and low germination rate. Such seed was not
suitable for longer storage (Slapetys, 2001). Our finding
agreed with the research of Loeppky et al. (1999) that

o

30-30-40
30-90-120

60-60-80
90-30-40
90-90-120
120-120-160

NPK rates, kg ha™

Fig. 1. The dry matter yield (DM) of 1st cut perennial ryegrass, t ha!
(on average for 2000-2001).

— Here and afterwards designations P, X, and similar mean 30 and 40 kg ha™' of P,0; and KO, respectively.
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Fig. 2. The seed yield of 1st and 2nd cut perennial ryegrass, kg ha'!

(on average for 2000-2001).
Table 1
Average DM yield in 1st cut perennial ryegrass (2000-2001)
Treatment | Content in dry matter, g kg'l Crude protein | Digestibility,
crude protein | crude fiber | yield, t ha %
NoPoKo 91.1 257.0 0.20 65.2
N30P30K40 92.8 249.8 0.37 66.2
N3oPooK 120 95.8 248.5 0.44 68.1
NeoPsoKsgo 103.0 242.9 0.52 69.2
NooP30K 40 1114 254.8 0.65 62.8
NooPooK 120 114.6 253.3 0.68 66.5
Ni120P120K 160 133.4 254.0 0.81 66.3

nitrogen significantly increased forage seed yields of all
species except alfalfa, while phosphorus increased the
yields of forage seed for all crops except intermediate
wheatgrass. The yield response to N and P fertilizers
was affected by available soil N and P.

In the 1st production year, the produced seed yield
was 522 kg ha! or by 267 kg ha! more in treatment
N, P, K,, compared with unfertilized plot (Fig. 2). The
N fertilizer rate increase from 30 to 90 kg ha resulted
inincreased seed yields by 108 kg ha or 21%, however,
higher rates of P and K gave a seed yield of 187 kg
ha! or by 54 kg ha! more in treatment N, P, K.
compared with treatment receiving no fertilizer. The
seed yield increase by 144 kg ha™! or 77% was reached
applying 90 kg * of N. Increased P and K fertilizer rates
resulted ina Skg ha! or 3% seed yield increase.

Increased NPK rates resulted in the following
increase of seed yields: 105-164% in the 1st and 41-
201% in the 2nd production year. Fertilization proved
to be significant in all cases.

The crude protein (CP) content in grasses is one of
the quality indices if the grass is to be used as forage.
The CP content in the 1st cut grass ranged from 91.1 g
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kg' in NP K, treatment up to 133.4 g kg! in
N,,,P K treatment (Table 1).

The crude fiber (CF) content was 257.0 g kg™ and
digestibility was 65.2% in treatment N P K (Table 1).
The CP content increased by 1-5%, but digestibility
increased by 1-4% in treatments with NPK applied
(except at treatment N, P, K, where digestibility
reduced by 2.4%) compared with unfertilized plot.

The 1000 seed mass ranging from 2.8 t0 2.9 g and
higher by 0.1 g or 4.0% were obtained in the following
fertilizer treatments: N E e K o NP oK e and
N, P K., (Table 2).

The number of productive stems is one of the yield
structure indices and in the experiment in unfertilized
treatment constituted 869 per m?. In plots treated with
NPK fertilizer, the amount of productive stems ranged
from 1121 to 1298 per m? or 25-43% more compared
with unfertilized plot. .,

Lodging resistance is another important parameter
for seed production. If the stand is completely free from
lodging, usually the grass density is sparse and as a result
grass is low productive. A denser stand and higher
fertilizer (especially nitrogen) rates produce more
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Table 2

Effect of mineral fertilizer rates of 1st year perennial ryegrass on
the seed yield and its formative elements

Treatment | Seed yleld Productive stems, Lodging 1000 seed
kg ha number per m” | resistance, scores | _mass, g

NoPoKo 255 869 8.9 2.8
N3oP30K40 522 1121 7.0 2.8
N3oPgoK 20 539 1243 6.0 29
NeoPsoKso 592 1298 4.5 2.8
NooP30K40 630 1165 2.9 2.8
NooPgoK 20 653 1233 2.9 2.9
Ni20P120K 160 672 1234 22 29

LSDo,s 74.05 220.28 1.41 0.15

biomass per area unit but raise the lodging risk, that References

might seriously limit the obtained grass seed yield. The
estimated lodging resistance was 8.9 scores in perennial
ryegrass unfertilized plots (Table 2). Lodging resistance
decreased in plots with increased NPK fertilizer rates.
A relatively good perennial ryegrass seed yield might
be obtained if lodging resistance varies between 6 and
7.

Conclusion

The maximum dry matter yield can be obtained
using the highest fertilizer rates —~ N, P, K . The
maximum gain in seed yield can be obtained using
medium N and small PK rates (N, P, K, ). Additional
increases in PK rates produce a minimal dry mater
yield gain.

Using the lowest fertilization rate more than
doubled the seed yield compared with unfertilized
plots. Subsequent fertilizer rate increases for the first
year produced a nearly linear small increase in seed
yields. Second year seed yields increased from a little
more than a third of the 1st year yield for two lower
NPKrates to about one half of the 1st year yield. The
second year yields were higher compared with the 1st
year’s use of higher NPK rates. Optimal productive
density in perennial ryegrass seed plot is 1100-1298
productive ears per hectare. The fields of grass seed
were comparatively more productive with estimated
lodging resistance between 6 and 7. Optimization of
mineral nutrition in perennial ryegrass seed production
fields has a positive effect on yield structure and seed
quality parameters.
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Anotacija
Peétjjumi veikti 2000.-2001. gada velénu podzolétaja smagas malsmilts augsné, kopuma salidzinot 7 daZadas
mineralméshu kombinacijas. Skaidrota méslojuma ietekme uz ganibu airenes biemasas veidosanos, atsewslgem
tas kvalitates raditajiem, séklu raZu un tas veidojosiem faktoriem. Svariga nozime séklas raZas ieguvé ir airenes
veldres izturibai. Méslojums biitiski palielina séjumu biezibu, lidz ar to potencialo raZzu, tatu vienlaicigi pieaug
veldres risks, seviski nelabvéligos laika apstak]os. Autori uzskata, ka vélama séjumu bieziba ir 1100-1300 produktivo
skaruuz hektara, tatu veldres izturibai jabit vismaz 6-7 balles (1 balle - s&éjums pilniba saveldréjies, 10 balles -

veldres nav).
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Soil reaction and potassium content in soil
Kalija saturs augsné atkariba no tis reakcijas

Rima Veitiene, Danute Ozeraitiene
Lithuanian Institute of Agriculture, Vezaiciai Branch, e-mail: rimaveit@takas.lt

Abstract. Plant available (mobile) potassium fraction in soil is the main source of plant nutrition. The acid
moraine soils in Lithuania are rich in mobile potassium but its availability is dependent on other soil parameters,
especially on soil reaction. Findings from fertilization trials suggest that crop rotation yield is dependent on the
mobile potassium content in soil. In the present experiments, liming of acid soils resulted in decrease of the
potassium content in topsoil from 400 mg kg to 200 mg kg, During the soil acidification process, the mobile
potassium content mostly increased when soil reaction reached pH 4.5-4.7, and decreased when soil reaction was

pH5.0-5.5 and higher. Under these conditions, potassium fertilizers did not increase the cropyield. Reduction of
potassium content in soil was observed as a result of primary and periodical liming due to a higher removal of this
element with the yield (7, =0.57; 7x,0 = 0.72) and a more intensive leaching.

Key words: primary and periodical liming, potassium.

Introduction

Acidification of soil is one of the reasons for soil
chemical degradation. Liming is the most effective
method to improve acid soil. About two thirds of
severely affected acid soils are in Western Lithuania.
Decrease in acidity as a result of liming is dependent on
the rate, method of liming, as well as on soil texture,
amount of precipitation, and used mineral fertilizers
(Mazvila, 1998). On the other hand, the mobile
potassium content in soil strongly correlates with the
amount of soil clay fraction (Brenciene and Eidu-
keviciene, 1995). Field experiments carried out in
Lithuania show that in unlimed soil, due to acidification,
PpH drops down by 0.1 units annually (Knasys, 1985).
Soil acidification has been observed already two years
after primary liming (Veitiene, 2001).

In Lithuania, changes in the mobile phosphorus and
potassium content and ratio (K:P) in soil under liming
of different intensity have been studied (Plesevicius,
1986; Staputis, 1999). Some authors have found that
liming increases the mobile potassium insoil compared
with acid soil. After liming the more active calcium ion
displaces the less active potassium ion in the soil
adsorption complex. Reiterative liming shows no effect
on the content of mobile potassium (Plesevicius, 1986),
whereas intensive periodical liming results in decrease
of the potassium content in soil (Staputis, 1999).
Experiments in neutral loamy Dystric Cambisol have
shown that productivity of crop rotation increases when
the mobile potassium content reaches 200 mg kg, but
in light téxtured soil the maximum grain yield is
obtained when the mobile potassium is 150 mg kg
The grainyield rapidly decreases when the content of
mobile potassium in soil is above 170-250 mg kg!
(Eidukeviciene, Vasiliauskiene etal., 2001). Liming and
balanced fertilization is the only way to bridge the gap
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between the soil nutrient supply and crops’ nutrient
uptake in order to provide modern farming sus-
tainability (Jankauskas, 1998; Ciuberkiene, 1998;
Bansal, 2000).

Materials and methods

The soil liming field experiments were carried out
in Western Lithuania (Lithuanian Institute of Agri-
culture, Vezaiciai Branch), eastern part of littoral
lowland with moderately warm climatic conditions.
Soil - Dystric Albeluvisol (WRB, 1998), moraine loam.
Chemical characteristics of topsoil (0-20 cm) are
presented in Table 1. Studies included investigations of
the effect of primary (or basic) and periodical liming
on the content of mobile potassium in the whole soil
profile and were performed in three field trials with the
following design:

— Ist trial —unlimed and limed at 1.0 rate according
to the soil hydrolytic acidity;

-2nd trial - unlimed and limed at rates 0.5,1.0,2.0,
and 2.5 according to the soil hydrolytic acidity;

- 3rd trial ~ unlimed and limed at rates 0.5 every
Tthyear, 1.0 every 3rd-4th year, 2.0 every 3rd-4thyear,
2.5 every 7th year according to the soil hydrolytic
acidity.

Primary liming was performed in 1988 (1st trial)
using finely ground limestone (92.5% CaCO,),and in
1949 (2nd trial) using slaked lime containing 68.5% of
Ca0+MgO (on dry matter basis). Periodical liming
was done using finely ground limestone (3rd trial). The
following crop rotation was used: winter wheat, fodder
beet, barley with undersown grasses, perennial grasses
(two years) (1st trial) and sugar beet, barley with
undersown grasses, perennial grasses (two years), winter
wheat, peas-barley mixture for grain, and vetch—oats
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Table 1
Soil chemical characteristics, 1996
Treatments
Agrochemical parameters no liming after liming

pHKCI 4.05-4.60 52-54

Hydrolytic acidity, cmol(+) kg™ 41.6-55.0 24.0-35.1

Exchangeable bases, cmol(+) kg 28.7-445 71.3-93.7

Exchangeable acidity, cmol(+) kg 3.6-8.7 0.3-0.7

Mobile aluminum, mg kg 29.0-75.9 02-22

Mobile P20s, mg kg 105.0 — 125.0 127.0 - 152.0

Mobile K20, mg kg 238.0 —262.0 268.0 —297.0

Total N, % 0.12-0.14 0.10-0.13

Humus, g kg’ 8.5-289 n.d.

Table 2
Mobile potassium in soil influenced by liming, 1996
Treatment Parameter x+Sx Ratio P,05:K,0
pHKCI K;0, mg kg
Primary liming 10 years ago
Unlimed 4.0 +0.20 238 + 17 1.0:2.2
1st year after liming 5.4 +0.30 296 + 12 1.0:1.9
5th year after liming 52 +0.08 331 +16 1.0:2.7
10th year after liming 4.6 +0.13 343 +17 1.0:33
Primary liming 50 years ago
Unlimed 4.1 +0.06 331+20 1.0:2.0
0.5 rate 4.1 +0.04 290 + 20 1.0:1.6
1.0 rate 4.1 +0.02 297 +22 i
2.0 rate 4.2 +0.05 244 + 17 10: 19
2.5 rate 4.2 +0.03 234 +9 10:2.2
Periodical liming during 50 years

Unlimed 4.1 +0.06 331 +20 1.0:2.0
0.5 rate every 7th year 4.9 +0.03 173 + 11 1.0:14
1.0 rate every 3rd—4th 6.3 +0.01 198 + 10 1.0:1.3
year
2.0 rate every 3rd—4th 6.7 +£0.01 183 + 13 1.0:1.0
year
2.5 rate every 7th year 6.6 + 0.03 193 + 11 1.0:1.0

Note: x—average, Sx—standard deviation.

mixture for green forage (2nd and 3rd trials).

For all experimental plots, mineral fertilizers were
applied at the rate of N, P, K * annually, but organic
fertilizers - only once per rotation (for beet) at the rate
of 40 t ha'. Conventional soil tillage was used.
Randomized split plot design with four replicates was
used for all field experiments. Soil sampling and analysis
were pérformed in 1988-1999 (1st field trial) and in
1996-1999 (2nd and 3rd field trials). Soil samples were
taken from topsoil (0-20cm) (1st trial) and from the
whole profile down to a 100 cm depth (2nd and 3rd
trials) after harvesting. The profile sampling was

performed taking 4-9 replicate samples from every
10 cm, paying attention to the soils’ genetic horizons.
Soil samples were analyzed using the following methods:
pH - potentiometrically using glass electrode;
hydrolytic acidity —according to Kappen; exchangeable
acidity and mobile aluminum — according to Sokolov;
exchangeable bases—according to Kappen-Gilkovich;
mobile potassium and phosphorus —using AL-method,
total nitrogen — by Kjeldahl; humus — by Tyurin; soil
texture — by pipette method according to Kachinsky
(Cokonosa, 1975; Bamonnsa, Kopuaruna, 1986).
Inlittoral climatic region (Western Lithuania), the

* —Here and afterwards designation P K, means 60 and 60 kg ha" of P,0,and K,O, respectively.
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average amount of precipitation is more than 800 mm.
Such conditions favor leaching of chemical elements
and colloids. For the last 10 years the highest rainfall
was recorded in 1989 (943 mm), 1990 (1117 mm),
1994 (931 mm), and 1998 (1049 mm). The rainfall
was below normal in 1988 (537 mm) and in 1996 (695
mm). Experimental data were processed using
correlation-regression analysis,

Results

Primary liming of acid soil changed the soil reaction
aswell as the content of mobile potassium. In the first
year after liming, the content of potassium in the soil
was 268-297 mg kg. Five years later its content
increased to 297-363 mg kg, but after ten years - to
312-344 mgkg. The average increase of potassium in
limed soil was 15% compared with acid soil. Compared
with other chemical parameters, the increase in
potassium was quite remarkable after five years.
Fertilizing of acid soil with potassium in many cases
had no effect on crop rotation productivity. It is
connected with the disbalance of the P and K ratio in
soil. The ratio of potassium and phosphorus in the first
year after primary liming was 1.0:1.9, in the fifth year —
1.0:2.7, butin the tenth year after liming—1.0:3.3 (Table
2).

During 50 years of primary liming using com-
paratively high lime rates, the potassium content
decreased compared with unlimed soil. The P:K ratio
was favorable to many crops and varied between 1.0:1.6
and 1.0:2.3. As a result, after 50 years of liming, the soil
P:Kratio was similar to that of acid soil.

In plots with long-term (50 years) periodical liming
using 1.0 and 2.0 rates every 3-4 years, potassium content
decreased from 331 to 173 mg kg and the P:K ratio
(in oxide form) was the lowest (1.0:1.0) compared with
acid and only primary limed soil. From the point of
view of plant physiology, for many cereal crops as well

as for forage and technical crops, a favorable ratio of
phosphorus and potassium in soil solution is 1.0:1.0.
The highest content of mobile potassium was found in
soil with pH 4.4-4.8 (Fig. 1). We can point out that crop
yields were not dependent on the potassium content in
soil with the above mentioned reaction level. This might
be explained by the fact that many plants in crop rotation
are calcifiles and need neutral soil reaction. Also in
limed soil, where acidification process occurred and
the amount of potassium increased the P:K ratio,
fertilizer use was not effective. The mobile potassium
content decreased when soil reaction was 5.0-5.5 and
more, showing that use of potassium fertilizers is more
effective in limed soil than in acid soil.

To evaluate the effect of primary and periodical
liming on mobile potassium content in topsoil, initial,
Le. before the experiment, soil characteristics were used.
Fifty years before, the soil was very acid with low (70-
90 mg kg") content of mobile potassium. During the
50 years of manure use (280 t ha!) and application of
mineral fertilizers (P,O, 3080 and K,03360kgha),
mobile potassium accumulated in the whole acid soil
profile. The highest mobile potassium content was
found in the topsoil - 331 mg kg™ (Fig. 2). Compared
with acid soil, limedsoil (depending on the intensity of
liming) with the same fertilization had a significantly
lower content of mobile potassium. In plots limed 50
years before, the subsoil had a 43-97 mg kg lower
mobile potassium content compared with unlimed
plots. Regarding the mobile potassium content, the acid
and periodically limed soil differed essentially. The
mobile potassium content in periodically limed topsoil
was 1.7-1.9 times, but in subsoil - 1.3-1.7 times lower
compared with acid soil. Both primary and periodical
liming reduced the potassium content in soil. We
suppose it was due to higher removal of this element
with the crops’ yield and more intensive leaching what
was influenced by liming. The mobile potassium
content in bleached tongues of podzolic (E) horizon

-1
370 . mgkg 2
. ¢ y=-153,75x * +1471,9x - 31857
350 4, . : R* =0,4206
0 | s R=0,650
[ 2
310 -
L 2
290 . N
L 4 .
270 - A S
250 w ' { ' —
4.4 4.6 4.8 5 52 54 pHygc

Fig. 1. Mobile potassium content and soil reaction.
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Fig. 2. The effect of primary and periodical liming on
mobile potassium content in soil profile, mg kg* (Vezaiciai, 1999).

was slightly higher compared with intermediate soil
between the tongues.

Discussion

The mobile potassium content and P:K ratio in
moraine soil (Dystric Albeluvisol) was dependent on
the soil reaction. In naturally acid (pHKCI - 4.0-4.1)
soil, the mobile potassium content was 238-331 mg
kg',and P:Kratio in topsoil 1.0:2.1. After ten years of
primary liming, soil pH went down again - from pHKCl
5.4 to 4.4. During soil acidification, the mobile
potassium content increased and, as a result, the P:K
ratio changed from 1.0:2.1 to 1.0:3.3. The primary
liming using slaked lime and performed 50 years before,
even now shows influence on the content and ratio of
macronutrients insoil. At present, the mobile potassium
content (234-297mgkg") and P:K ratio (1.0:1.9-2.3)
are close to naturally acid soil. In soil with almost
neutral reaction (pHKCl 6.6-6.7), due to a 50 years’
periodical liming, the mobile potassium content in
topsoil was 183-193 mg kg, and P:K ratio - 1.0:1.0,
but in subsoil — 120-170 mg kg'! K,0, and PXK ratio
the same — 1.0:1.0. Compared with acid soil, the mobile
potassium content in topsoil was 1.7-1.9 times lower
and in subsoil 1.3-1.7 times lower. From the point of
view of plant nutrition, such changes influenced by
liming exhibit certain advantages. Still, there is no
common opinion about the optimal fertilizer scheme
which could be applied to crops in acid and limed soils
and could provide the best utilization of the plant

genotype potential.
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Anotacija

Skabas uz morénam veidojusas Lietuvas augsnes ir bagatas ar kaliju, tacu ta izmantojamiba augiem ir atkariga
no citam augsnes ipasibam, Ipasi no tas reakcijas. Pétijumos noskaidrots, ka péc skabo augénu kalkosanas kustiga
kalija saturs aramkarta samazinajas no 400 mg kg lidz 200 mg kg'*. Kustiga kalija daudzums augsné bija vislielakais
reakcijas intervala pH 4.54.7 un samazinajas, reakcijai paaugstinoties pH 5.0-5.5 un augstak. Sados apstak]os
kalija mineralméslu lietosana vairs nepalielina kultiraugu raZas. Kalija satura samazinajumu augsné novéroja gan
péc pamatkalkosanas, gan uzturo$as kalkoSanas. Tas tiek skaidrots tadéjadi, ka augsni kaJkojot, palielinas &
elementa iznesa ar raZu, ka ari tiek stimuléta ta izskalo$anas no augsnes.
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un optiski grati uztveramu burtu veidu lietoSana
pamatteksta nav pielaujama. Teksta laukuma attadlums no
lapas malam — 25 mm. Rindstarpu attalums - 1.5.
Manuskripta lietojamas SI sistdémas mérvienibas un ari
attiecigie salsinajumi.

Tabulas. Tabulam (visos potencialo izdevumu
manuskriptos) jabut veidotam programma MS Word vai
Excel. Tabulu virsraksti, teksts tajas un paskaidrojumi pie
tam tulkojami ari anglu valoda. Tabulam jabut
saprotamam ari tad, ja teksts nav lasits. Tabulu numuri
jaraksta ar arabu cipariem labaja pusé virs virsraksta. Tas
nedrikst parsniegt apdrukai paredzeto lapas laukumu, un
tabulu zemteksta piezimém jabit uz tas pasas lapas. Ja
tabula turpinas uz vairakam lappusém, tabulas galva bez
virsraksta jaatkarto katra lapa, virsraksta vieta rakstot
«.....tabulas turpindjums» vai «...... tabulas nobeigums».
Nav ieteicams veidot tabulas, kuram rindu vai kolonnu
skatts mazaks par tris.

Kolonnas skaitliem jabht nolidzinatiem. Daudzzimju
skait]i jasadala grupas pa trim. Ja kolonna uz leju
atkartojas tas pats skaitlis vai teksts, tas jaraksta atkartoti,
nedrikst likt atkartojuma simboliku. Ka decimaldalitajs
jalieto punkts.

Atteli. Diagrammas, zim&jumus un fotografijas uzskata
par atteliem. Skanétos att€lus, digitalas fotografijas un
zim&jumus var veidot jebkura grafiskaja programma, bet
ievietot tos MS Word ka ati€lus (Picture), nevis ka
attiecigds programmas objektus. Diagrammas ieteicams
veidot MS Excel vai MS Word, izmantojot Microsoft
Graph. Diagrammas vélams izvairitics no fonu un
ieramejuma liniju lietoSanas, tiklu liniju biczumam jabit
Yo pt, rakstzimju izmé€ram jabat tadam pasam ka
pamatteksta. Att€los jaizvairas no uzrakstiem uz tiem.
Uzrakstu vieta lietojami simboli vai cipari, kas atSifrejami
zem attéla. Paraksts zem attela sakas ar att€la numuru, tad
seko nosaukums, kas atklaj vai raksturo attela redzamo,
un tad attela lictoto ciparu, simbolu atSifrgjums. Attéla
nosaukums un visi paskaidrojumi taja tulkojami ari angju
valoda.

Formulas. Formulas jaraksta MS Equation programma.
Formulas teksta raksta atseviska rinda pa vidu. Formulas
numurg, numuru rakstot taja pa$a rinda starp divam
apalajam iekavam lapas labaja pusé. Formulas lietotajam
pamatvientbu lielumam jabat tadam pasam ki
pamatteksta. Kursiva rakstami piegemto apzim&jumu
simboli. Formulas ietverto liclumu mérvienibas raksta aiz
to nosaukumiem vai skaitliskajam veértibam teksta.
Formulu paskaidrojumi rakstami aiz formulas, katrs sava
rinda. Starp paskaidrojumu un mérvienibu liek defisi, bet
aiz meérvienibas — semikolu, un aiz ped€jas meérvienibas
paskaidrojuma — punktu.

Citejumi. Atsauces teksta picraksta, apalajas iekavas
ierakstot izmantota izdevuma autoru un izdoSanas gadu,
piem. (Monod, 1963).

Literatiiras saraksts darba beigas janoformeé alfabéta
kartiba, atseviSkus darbus pierakstot §adi: Zurnalu raksti
— Monod, J., Changeux, J. P, Jacob, F. (1963) Allosteric
proteins and cellular control systems. J. Mol. Biol., 6, pp.
306-329; gramatas — Chard, T. (1995) An Introduction to
Radioimmunoassay.  Elsevier, Amsterdam, 534 pp.;
Smith, A., Brown, T. (eds.) (1989) Cereal Rusts. Springer
Verlag, Berlin, 342 pp.; gramatu nodalas — Carrcy, E. A.
(1989) Peptide mapping. In: Protein Structure. Creighton,
T. E. (ed.) ILR Press, Oxtford, pp. 191-224. Ja atsauces
picraksta ar skaitli kvadratiekavas citéSanas seciba, tad ari
literattiras sarakstu noformé cit€Sanas seciba.

Atsauceém teksta jasakrit ar literattiras saraksta minétajiem
avotiem, un tiem jabat publiski picejamiem.

Finals. Recenzeto un atticcigi papildinito manuskripta
pédejo versiju autors(i) elcktroniska veida kopa ar
manuskriptu iesniedz tehniskajam redaktoram. Tekstu
atseviska MS Word faila, bet attelus, diagrammas u.c. to
programmu (Excel, PowerPoint, CorelDraw) failos,
kurds tie izpilditi. Tikai preciza visu icprick§ minéto
prastbu icveroSana sekmés sagatavoto manuskriptu atraku
publice§anu.

Atkapes no $o notcikumu prasibam pielaujamas,
saskanojot ar LLU Rakstu redkolégiju.

LLU Rakstu redkolégijas adrese:
Lielaiela 2, Jelgava, LV 3001
Tel.: 30 05671; fakss: 30 05685,
e-pasts: skuja@cs.Ilu.lv
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