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Executive summary

ZKOonog

2T6X0G Tou NnapadoTeou eival va dwaoel AenTopegpeig NAnpopopieg yia Tn diaxeipion
™G Bpewng Twv puNAwv Kai Tou kpiBapiot oTo cuoTnua TNG PIOAOYIKNG Yewpyia Kal
va napouacidaon éva odnyo yia Tn Bpéywn Twv guTwy oTa nAaiocia Tng dpdaong C1. Ta
napadoTea “Review report of Plant Nutrition Fertility Scheme” kai “Plant Nutrition

manual for each crop” ouvevawBnkav yia okonoug cuvoxng.

AvVTIKTUNOG

Ma Tnv enapkr) Kal NOIOTIKA Napaywyr| BioAoyikwv npoidvtwy oTo KpiBdpl kal oTa
unAa, n Odiaxeipion TNG Bpewng anoTelei TOV ONUAVTIKOTEPO OUVTEAEOTN
napaywyng. EidikdéTepa otnv €kBeon nepidapPdavovtal AenTopgpeieg nou apopouV
TNV PUANODIaYVWOTIKY, TIG €I0P0EG BPenTIKWY OTOoIXEiwV OTO oUoTNNa anod
OPYQVIKEG MNYEG, OIPA ANO MPAKTIKEG MOU agopouv Tn diaxeipion TG Bpewng
TO6o0 OTo KpIBApl 6oo kal ota pnAa. Téhog napoucialovral anAd PripaTta nou

npenel va akolhouBei o PBiokaMiepyntig oTig ouvBnkeg Tng Kumpou yia Tnv

opBoloyikn Bpewn Twv puUTGV.

AnoteAéopara

H avaokoénnon Twv npakTikav ol onoieg epappolovtal otn PBioloyikr) yewpyia, yia
™ Opéyn Twv PUTWV eixe wG anoTéleopa Tn dnuioupyia evog nivaka nou
napouciadel To EUPOG TWV TIHWV EAAEIWPNG TWV KUPIOTEPWY BPENTIKWV OTOIXEIWV YIa
TIG duo kaM\iepyeieg. lNapouciaoTnkav pe peydaAn AenTopépela €€I0WOEIG
unoloyiopoU Tng Xpenong N yia Tnv napaywyr] OCUYKEKPIPNEVNG MNAPAYWYNG.
EnnpooBeta and Ta anotehéopaTa paivetal 0TI yia Tnv anoBrkeuon avBpaka oTo

£0aPog n dlaxeipion TwVv UNOAEIYPATWY TNG KAANIEPYEIAG €ival IDIQITEPA CNUAVTIKH.

Zupgngpacpara

Augnpévn yvowon Twv PiokaAigpynTov oe BepaTa anopdakpuvong Twv BpenTikoov
oToixeiwv Ba Ponbrjosl onuavTika oTov kKaBopioud oTpaTnyikwy Mo opBoAoYIKAG
Bpewng oto cuoTnua TnG BiroAoyikng yewpyiag TOoo oTo kpiBAapl 6oo Kal oTa pAAa

UE OTOXO TN HEIWON TWV EKMNOMPNWY agpiwy Tou Bepuoknmiou.



Executive summary

Purpose

The aim of this report is to provide detail information for plant nutrition in barley and
apples grown under organic farming schemes. In particular, “Review report of Plant
Nutrition Fertility Scheme” kai “Plant Nutrition manual for each crop” have been

brought together for consistency purposes

Outcome

For a sufficient production of high-quality organic products in barley and apples,
nutrient management is the most important factor. This report includes details of
plant analysis, the input of nutrients derived from organic resources into the system,
a range of practices on plant nutrient management schemes in both barley and
apples. Finally, we present a plant nutrition manual in the form of simple steps to be
taken by the organic grower under the climatic conditions of Cyprus for the

reasonable plant nutrition of both crops..

Results

The review of organic farming practices for plant nutrition has resulted in a table
showing the concentration range for the optimum nutrient content of the main
nutrients both for barley and apples after plant analysis. Crop rotations and apple
orchards floor management are fundamental to design a sustainable nutrient
management scheme. We presented in detail equations for calculating the use of N
as a manual for plant nutrition both in barley and apples. Also, it seems that to
sequestrate carbon into the soil crop residues management is of particular

importance.

Conclusion

Increased knowledge of organic farmers regarding the nutrient budget in the system
is expected to reduce organic inputs and subsequently GHG emissions. Nutrient
management practices should be designed to maximize C inputs and to maintain

and promote sustainability in soils.
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Introduction

In organic apple and barley production nutrient management is of prime
importance because it determines plant productivity and the quality of the
products. In this report we present the nutrient requirements of apple fruits and
barley, the tools that are currently available to investigate the nutrient status of
the crop, the inputs that are available for use in order to satisfy the needs of the
crop and finally specific management practices that should be followed by the

farmers in order to improve the current practices.

Plant Analysis

The diagnosis of nutrient deficiencies or excess in deciduous trees and
particularly in stone fruits like apples and pears can be performed through plant
analysis. The presence of a deficiency of a nutrient using this method is based on
its critical concentration within plant at a specific growth stage. Particularly the
critical concentration is defined as the concentration of a nutrient in plants that
results in 90% of maximum yield or growth of the crop that is of interest. Plant
leaves are usually the most appropriate part of plants that can be used to

determine the nutrition status of the crop.

The concentration of nutrients in plant leaves depends on several abiotic and
biotic factors. For example plant age, leaf position, growth stage, pest and
diseases are crucial biotic factors controlling plant nutrition and the accumulation
of nutrients in plant leaves. Abiotic factors such as temperature, soil moisture, pH,
light intensity, precipitation and RH are affecting nutrients concentration in plant
leaves. Cultural practices such as pruning, soil cultivation, orchards floor
management and organic inputs are also affecting the concentration of nutrients

in plant leaves.

During the growing period the fluctuation of plant nutrients concentration are
observed and this is related to the growth stage of the trees (bloom, fruit set, fruit
fill and maturity). The change of nutrient levels is attributed to their translocation
within different plant organs in order to satisfy the increased needs at a specific
time. Plant analysis will therefore reveal hidden nutrient stresses, will confirm

visual deficiency symptoms, and test the effectiveness of nutrient management
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scheme. The use of plant analysis results as a guide will also provide significant
and important information regarding yields and quality issues of the crop
especially in organic farming systems. Therefore sampling of plant leaves of
specific growth stage and time is important in order to have the most accurate

estimation of crop nutritional condition.

Under Cyprus conditions, for apples the youngest fully mature leaf including the
petiole is sampled from mid-shoots of the current season, are taken between late
June and late July (4 to 8 weeks after bloom) depending on the area and the
cultivar. Totally 30 to 40 leaves are sufficient to assess the nutrient condition of an
apple cultivar. The amount of macronutrients and some micronutrients in apple

leaves are presented in the following table:

Table 1. Nutrient limits in apple leaves depicting nutrient statues of the trees.

Nutrient Deficient
Nitrogen (%) >3 20-24 1.6-1.9 <1.6
Phosphorus (%) > 0.30 0.15-0.20 0.10-0.14 <0.10
Potassium (%) > 2 1.1-1.5 0.8-1.0 <0.8
Calcium (%) >2.5 1.1-2.0 0.7-1.0 <0.7
Magnesium (%) > 0.50 0.25-0.35 0.18-0.24 <0.18
Zinc (ppm) > 50 16 - 50 10-15 <10
Manganese (ppm) > 200 25-100 20 - 24 < 20
Boron (ppm) > 200 20 - 60 15-19 <15

For barley, samples can be taken during feekes stages 3 to 9 and the entire
above ground portion of plant is sampled. Totally 30 to 40 plants are sufficient
depending on the size. The critical levels of nutrients for barley are presented in

the following table:

Table 2. Critical nutrient levels for barley

3 0.15 2 0.10 0.15 0.10 25




A drawback of plant analysis for barley is the fact that the results are less reliable
as crop approaches maturity. Besides nitrogen, for barley it is extremely
important to maintain N/S ratio between 10 and 15 in order to have optimum
yields. Ratio of N/S greater than or equal to 20 indicate that sulfur is limiting in
relation to nitrogen causing significant disorders resulting to yield decrease and

loss of quality.

Organic inputs for nutrient management

In organic farming, closed cycles using internal resources and inputs are
preferred to open cycles based on external resources. If the latter are used, they
should be organic materials from other organic farms natural substances
materials obtained naturally, or mineral fertilizers with low solubility.

Exceptionally, however, synthetic resources and inputs may be permissible if

Figure 1. Composting facilities at AR

there are no suitable alternatives. Such products, which must be scrutinized by
the Commission and EU countries before authorization, are listed in the annexes

to the implementing regulation (Commission Regulation (EC) No. 889/2008).



In Cyprus the most regularly used organic inputs are commercial composts and
farmyard manures while lately an increase of humic substances and biofertilizers
as well as biostimulants was noticed. Composting of pruning material is not a
practice that is systematically performed. This is a major drawback for the system
because the nutrients present in the pruning material are excluded from the
nutrient balance of the crop. In addition, in an environmental point of view, the
carbon that is removed from the crop never returns to the system and a

sequestration potential is lost. At ARl a drum composting system was developed

and plant residues and animal manures are composted.

For a successful apple nutritional scheme the following growth stages are critical:
1) but burst 2) fruit set and 3) post harvest period (depending on the variety and
climate). During these stages nutrient availability should be the maximum and the
synchronization of organic inputs mineralization with the crop demand is critical
to achieve maximum production and improve fruit quality. There are no available

data regarding the performance of organic inputs in apple orchards.
For barley crop rotation and organic inputs are critical for the efficient use of

nutrients within the system. Particularly, the application of manures to soil is the

Figure 2. Barley critical growth stages for
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main source of nutrients for the crop. This is attributed to the fact that barley
cultivation and livestock production in Cyprus are linked and farmyard manure is
regularly incorporated into the soil. The difficulties matching nutrients (especially

N) to barley demands is well recognised. The highest demand for nitrogen for
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barley are noticed during growth stages 31 to 39 (Figure 2). Usually nutrients are
released from organic sources at a time when the demand of the crop is
minimum leading to excess amount of nutrients prone to leaching and runoff.
Similarly, large N concentration in green manure crops creates a potential risk of

N loses (ground water leaching or gaseous emissions).

For a successful barley nutrient scheme nitrogen and potassium are the nutrients
required in the highest quantity. In Cyprus potassium deficiencies have not been
noticed so far. Usually, the nutrient requirements of barley are covered from soil
reserves, legumes incorporation and manures or compost applications. The
nutrient management scheme in barley seems to be closely related with soil
fertility buildup since there is room for improving the environmental performance

and the productivity of the system.

Nutrient management practices for organic apples and barley

The objective of the farmer according the aforementioned data is to satisfied
crop demands when this is necessary. At the same time environmental issues and
orchard soil management should be also taken into account in order to further
build up soil fertility. So far farmers are not including soil or plant analysis in their
strategy how to fertilize their orchards in both systems. Thus the first step for a
successful management scheme is to assess and estimate the nutrient condition
of the crop. Before the incorporation of organic inputs (farmyard manure,
composts, blood meals etc) farmers should at least know the amount of nitrogen
contained in the input that will be used. This is extremely important since this
figure gives an estimate of the nitrogen that will be available to the crop and the
nutrient causing N2O emissions. The challenge at this point is to synchronise
apples nutrient demands with the mineralization of the nutrients from the organic
input. The rate at which nitrogen is immobilised or released from organic inputs
depends on several factors. The most important is C/N ratio of the applied
material. Organic inputs with low C/N ratio (15/1 to 20/1) such as legumes are
releasing nitrogen more rapidly compared to material with higher C/N ratio (i.e
40/1). In addition, farmer should be aware regarding the amount of nutrients that
are removed from the cultivated soil during harvest. In organic farming systems

especially in apple orchards, the plant biomass that is generated during pruning
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should be introduced eventually into the system to minimise losses of N as well
as other nutrients. Similarly, incorporation of barley stalk residue into the soil

should be performed after harvesting in barley.

General steps that must be followed in a balanced nutrient
management practices for barley and apples

The following steps should be therefore followed to determine the organic input
rate needed for the crop. The values used for the following estimations have
been calculated from unpublished data that are available at Agricultural

Chemistry Laboratory of Agricultural Research Institute

Step 1. Estimate the amount of nutrients removed after harvest

Yield in kg of apples or barley (seed or hay) per hectare x
(Dry Matter content) x Y1 g = R1

The average dry matter value of apple fruits ranges between 0.11 to 0.15

Y1 use 4.2 g for apples (the average amount of N in
apple fruits).

Y1 use 3.2 g for barley seeds (the average amount of N

in barley seeds)

Y1 use 3.7 for barley hay (the average amount of N in
barley hay)



Step 2. Determine the amount of nutrients inputs from soil, irrigation water

and external inputs (green manures, manure, compost, others)

Step 2.1 Determine the mineralization potential of nitrogen from soil organic
matter

Amount of soil organic matter (%) x Soil weight per hectare x

Amount of Nitrogen in soil organic matter (%) x 0.012 x 0.7= R2

Soil weight per hectare is calculated to a specific depth, usually 15 or 20 cm. The
weith of soil is determined using the bulk density of the soil which is depended
on soil texture. For example good structute clay soils exhibiting bulk densities
ranking between 1.1 to 1.4 tn/m3 while sandy soils usually have higher bulk
densities ranking from 1.3 to 1.7 tn/m3. Thus the total weight of a clay loam soil in
15 cm depth with bulk density of 1.45 tn/m3is 2175 tn/ha

The quantity of nitrogen in organic matter is ranking from 0.6 to 5% depending

on the type of soils and the environmental conditions (Brady and Weil, 2002)

The mineralization percent of soil organic matter for one year 0.012 (unpublished

data, Laboratory of Agricultural Chemistry ARI)

N recovery from the crop, 0.7 (unpublished data, Department of Soil Sciences
ARI)

Step 2.2 Determine the available amount of nutrients in irrigation water

NO3-N in mg/L x Water applied in the orchard (L) x 0.65 = R3

0.65 is the recovery factor of nitrogen from the crop (unpublished data,

Department of Soil Sciences ARI)



Step 2.3. Determine the total and the available nutrient content of the organic
input (especially for manure and composts). This step is strongly recommended for
the successful nutrient management scheme of the orchard. Then apply the results

of the analysis in the following equation

Amount applied (tn per hectare) x Dry matter content (%) x N content

(%) x Mineralization rate of the organic input (%) x 0.5 = R4

0.5 is the recovery factor of nitrogen from the crop .

The mineralization rate of manures and composts depends on the maturity of the
material, the origin as well as environmental factors. Incubation studies of
different organic amendments revealed that compost mineralization rate is 0.05
while the mature manure mineralization rate is 0.3 (Dalias et al., unpublished

data).

Step 2.4 If legumes are included in the scheme then biomass and N content should

be determined.

Dry biomass production (tn per hectare) x N content (%) x

Mineralization rate of the organic input (%) x 0.5 = R5

0.5 is the recovery factor of nitrogen from the crop

The mineralization rate of manures and composts depends on the maturity of the
material, the origin as well as environmental factors. Incubation studies of

different organic amendments revealed that green manure is 0.6.



Step 4. Calculate the rates of application needed to supply the

recommended amounts of nitrogen.

R1-(R2+R3+R4+R5)= Ré6

If R6 is positive then proceed to extra inputs
If R6 is negative don't take any action

During the manure incorporation into the soil, organic farmer should be aware of
the amount of P and K inputs in the system. Regular application of these types of
inputs without knowing the amount of P that is added into the soil might cause
excessive P buildup that should also be avoided. Plant analysis should be
performed during the growing season to evaluate the nutritional condition of the

crop and the nutrient management strategy that was followed particularly for

apples.

Conclusions

The implementation of a balanced nutrient management scheme is essential to
increase yields of high quality. A major challenge in organic farming is to
synchnonize mineralization rates with nutrient uptake from the cultivated crop.
Nutrient inputs in organic farming systems are derived from manures, composts
and green manures that are included in the crop rotation scheme particularly for
barley. Increased knowledge of organic farmers regarding the nutrient budget in
the system is expected to reduce organic inputs and subsequently GHG
emissions. Nutrient management practices should be designed to maximize C

inputs and to maintain and promote sustainability in soils.
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