GREEN MANURE AS AN ALTERNATIVE FOR IMPROVEMENT OF SOIL FERTILITY

CUAEPALIUNIATA KAKO AJITEPHATUBA 3A NOAOBPYBAKE HA N/ZIOAHOCTA HA NMOYBUTE
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Agro ecological and environmental aspects of conventional
agriculture

¢ Conventional agriculture is developed in order maximizing production and profits

¢ The industrialization of agriculture is supported by:

1. Capital - intensive farming;
2. Monocultures;

3. Irrigation;

4. Mineral fertilizers;

5. Chemical plant protection;
6.

Genetic manipulation;
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Agro ecological and environmental aspects of conventional
agriculture

» All together they create a system in which those pillars are interdependent from
one another, and each of them also intensifies for the needs of others

» In many areas of the world, conventional farming has threatened the future
fertility of the soil through:

¢ - Soil and water degradation;

+»* - Reducing diversity;
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Content of organic matter in the soils of the Republic of

Macedonia
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Agricultural regions for crop production in the Republic of
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EFFECTS OF GREEN MANURE - E®EKTU Of, CUAEPALMIATA

*** Nitrogen fixation

+*** Nitrogen conservation

** Making nitrogen available

> Effects on other soil nutrients

+* Effects on soil structure and properties
» Effects on weeds

+* Effects on pests

+» Effects on diseases
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Nitrogen fixation

"¢ Almost all legumes use Rhizobia bacteria to fix nitrogen from the
atmosphere

** Sometimes the nitrogen fixation still does not occur, even if the roots form a
symbiosis with the bacteria

** For effective fixation, a minimum soil temperature of about 7°C is needed
and the plants need to have adequate nutrients available to them

** The amount of nitrogen fixed varies between different species (Graph 1). In
broad terms it is related to total biomass production and so is affected by
speed of establishment and growing conditions (for example water
availability and weed competition).
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Nitrogen fixation

Cross
Rhizobium Spp. Inoculation Legume Types
Grouping
R. leguminosarum Pea group Pisum, Vicia, Lens
R. phaseali Bean group Phaseolus
R. trifolii Clover group Trifolium
Melilotus, Medi
R. meliloti Alfalfa group ot S 28
Trigonella
R. lupini Lupini group Lupinus, Orinthopus
R. Japonicum Soybean group Glycine
Rhizobium sp. Cowpea group Vigna, Arachis

Source: Abhinav Datta et al. Annals of Plant Sciences, 2015, 4 (01), 933-942
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Graph 1 Nitrogen fixation by different leguminous green manures showing the range of
measurements that have been made (data from Defra Project OF0316)

Source : Factsheet 24/10 Soil grown crops Projects FV 299 and 299a, 2010.
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Photos: Ljupco Mihajlov 2014
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GENERAL REQUIREMENTS THAT SHOULD BE MET FOR PLANT SPECIES BY GREEN MANURE

T’EHEPAJIHU UHOOPMALIUU KOU TPEBA AA CE NO3HABAAT 3A
PACTUTE/THUTE BUAOBMU 3A 3ENIEHO FYBPEHSE

Necessary to know: MoTtpebHo e aa ce 3Hae:

¢ family to which belong - 60TaHM4YKaTa NpunaaHocT

¢ growth habit - TUNOT Ha PacT U Xabutyc

s cycle - BUNONOLLKMOT LMKAYC

¢ rusticity - aBTOXTOHOCTa (MOTEKNOTO)

¢ weed competition - KOHKYPEHTHOCTA CO N/ieBennTe

s effects on soil - HUBHMOT edeKT BP3 NoyBsaTa

¢ nutrient recycling - PeuUnKInNpPaHe Ha XPaHAMBU MaTePUM

¢ nitrogen-fixing or not ? - Aanun ce a3oToPMKcaTopu Uan He ?
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GENERAL REQUIREMENTS THAT SHOULD BE MET FOR PLANT SPECIES BY GREEN MANURE

T’EHEPAJIHU UHOOPMALIUU KOU TPEBA AA CE NO3HABAAT 3A
PACTUTE/THUTE BUAOBMU 3A 3ENIEHO FYBPEHSE

\/

** seed production

ceme npomsBoacrtsoTo

/
“* performance when faced by pests and - YYBCTBUTE/NIHOCTA Ha HONECTU U LUTETHULM
diseases, ways to manage, etc. N HAYUH Ha crnpeyyBake Ha UCTUTE
‘ . . 0
*%* aspects concerning the productlon systems In - acnekTu NoBpP3aHu CO NPOU3BOAHMNOT CUCTEM
which they will be included (climate, soil type, (arpoeKonoWwKm 1 arpoTexHNYKM baparba)

conditions of soil fertility)

- MOMKHOCT 33 HUBHO OAr/ieJyBatbe KaKo
s crops with which they will be 3APYXKEHN NOCEBU

integrated in the system

PacCMnoNoXAMBa MexaHu3aLmja 3a HUBHO
+* available machinery and/or implements oArneayBarbe U/Uam NPUKyAYYHa
MexaHmn3aumja
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CATEGORIZATION OF PLANT SPECIES FOR GREEN MANURES

KATEFTOPU3ALMJA HA PACTEHWMJATA 3A 3ENIEHO FYBPEHSE

7
7
Ne:
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Gl CE g pRACTIGH

~+* How to grow green manures ? *+* KaKo pa ce oarnegysaaT pacTeHujaTa
3a 3e/1eHo rybpeme ?
1. When land is unused, or fallow 1. Ha yrapu nnm Kako mery nocesu
between crops
2. While crops are still growing in the 2. Bo nepuopoT Ha Beretauymjata Ha
fields oarneaysaHUTe pacTeHUjaTa

o P

'::jfw‘,';yf etk \
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PLANT SPECIES FOR GREEN MANURES - SPRING SOWING AND SUMMER INCORPORATION

PACTUTE/IHU BUA,0BMU 3A 3E/IEHO FYBEPEHSE — MPONETHA CEUAEA U NIETHA
MHKOPMOPALIUIA

- their quick growing will suppress weeds by light - Cce KapaKTepu3unpaar co 6p3 nopact u KOHKypUpaaT Ha nsieBenurTe
CO 3aCeHYyBaHe
- usually do not contain high proportions of carbon when
incorporated into the soil - BOO6MUYaEeHO BO MOMEHTOT Ha HUBHA MHKOpNOpayuMja BO No4yBaTa
He CoAp’KaT BUCOKM NPONOPLUM HA jarnepoa,
- shorter-term green manures can include non-legumes such as
mustard and phacelia - pacTeHuja 3a 3eN1eHO Fybpere co KpaTKa Beretauuja, moxe aa
BKJ/Iy4yBaaT U He-1Ier'yMMUHO3U KYAITYPU KaKo Ha Npumep CUMHanoT
u pauenumjarta
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PLANT SPECIES FOR GREEN MANURES - SPRING SOWING AND SUMMER INCORPORATION
PACTUTE/THN BULO0BMU 3A 3E/IEHO FYEPEHE — NMPOJIETHA CEUAEA U IETHA
UHKOPMOPALIUIA

o,
SN

’»(‘ £y <

Crop Average Treatment Incorporation Root type/ Soil type Useful information and growing tips
sowing type period depth

rate (kg/ha)

Short Term Crops Spring/Autumn, Spring/Summer Sowing &
Summer/Autumn Incorporation
Untreated, Cruiser Spring- 8 weeks after  Fibrous root Fast growing and good weed supressor. Has biofumigation

OSR & Organic  Early sowing system properties but not to same extent as brown mustard. Produces

White Mustard 5 Autumn All types, best on  large equantities of biomass. Excellent scavenger of nitrogen.
Sinapis alba - light, sandy soils  Requires fine seedbed.

Susceptible to club root. Plough in before flowering to prevent self-
seeding.

As white mustard, but contains high levels of glucosinolate which
create biofumigation properties to reduce wireworm infestation. To

. maximise this benefit, crop must be finely chopped at flowering
Brown Mustard Spring - Autumn - All types, prefers . . . . .
S 5-8 Untreated ) Tap root ) and thoroughly incorporated into moist soil. Brown mustard is
Sinapis nigra Autumn  Spring moist ground. . . . . .
winter hardy so is excellent for reducing soil erosion, water run-off

and fertiliser leaching when grown after maize, potatoes & sugar

beet.
Spring - 10 - 12wks Quick to establish and a good weed supressor. Flowers loved by
Summer  after sowing Most soil types, will bees and butterflies. The crop must be incorporated into the soil

Shallow,
. 8-10 Untreated i
Phacelia sp. fibrous

Phacelia

tolerate dry before setting seed or it may reappear in subsequent crops as a

conditions weed. Said to release many minerals into soil as it decomposes,
especially P, Ca and Mg.
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PLANT SPECIES FOR GREEN MANURES - SPRING SOWING AND SUMMER INCORPORATION

PACTUTE/IHU BUO,0BM 3A 3ENIEHO FYBPEHSE — NMPOJIETHA CEUAEA U JIETHA
UHKOPMOPALIUIA

Crop Average Treatment Incorporation |Root type/ | Soil type Useful information and growing tips
sowing type period depth

rate (kg/ha)

Short Term Crops Spring/Summer , Spring Sowing & Summer/Autumn

Incorporation

Shallow, but Fast growing and quick to mature, not winter hardy. Dislikes wet,

with good heavy or compacted soil. Do not allow to set seed before
Tolerates poor, but

Buckwheat Summer -

o 50-380 Untreated penetration . incorporating into soil. Attractive to beneficial insects especially
Lens culinaris Autumn not wet soils .
hoverflies. Good scavenger of phosphate.

Taproot with Prefers loam, will

fibrous tolerate poor soils
Cr|'msc')n e , Summer - branch roots aslongas alkaline  Njtrogen fixing. Very attractive to insects. Excellent weed supressor.
Trifolium 12-15 Untreated Spring Aut and free draining. - q q klv int | Shade tol ;
P — utumn iomass degrades quickly into soil.. Shade tolerant.

Branched tap Nitrogen fixing. Less biomass than red and white clover but better
Aslike Clover root Deep adapted to wet, acid soils and cooler conditions. Requires shallow
Trifolium 70 Untreated Spring Autumn rooting Most types sowing and firm seedbed.

hybridum
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PLANT SPECIES FOR GREEN MANURES — AUTUMN SOWING AND SPRING INCORPORATION
PACTUTE/IHU BUL,0BU 3A 3ENIEHO FYBPEHE — ECEHCKA CEMAEA U MPOJIETHA
MHKOPIMOPALIUIA

%,
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Incorporation
period

Crop Average sowing [Treatment
rate kg/ha type

Soil type Useful information and growing tips

Short Term Crops
Incorporation
Forage Winter
Rye

Secale cereale

Autumn, Spring/Autumn Sowing & Spring/Autumn

150 - 200

Italian Ryegrass
Lolium perenne 35-40
ssp. multiflorum
Cocksfoot
Dactylis 8-10
glomerata

08.5.2018

Untreated

Untreated &
Organic

Untreated &
Organic

Autumn

Autumn

Spring /
Autumn

Spring

Spring

Extensive,
fibrous root
system

Extensive,
fibrous root
system

Thick and
fibrous with

Autumn - Spring large energy

reserves

Produces large amounts of green material. Excellent nitrogen
scavenger and for the prevention of nitrate leaching during winter
months. Do not allow to run to seed as this will ‘lock-up’ available
nitrogen. Very hardy. Do not follow too soon with brassica crop or
germination will be adversely affected.

Grows well on light,
sandy, free-draining
soils

As with forage rye, produces high yields of biomass. Good root system

for improving soil structure. If seed heads are produced, crop must be

Diploids better in wet (4 yefore seed is shed to prevent infestation of following crop. Good

areas and tetraploids «y,,556r-yp’ of excess soil nitrogen.

in drier

o When undersown at a low seed rate into winter wheat, cocksfoot is an
Dry, free-draining . .
excellent soil improver for droughtprone soils.
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PLANT SPECIES FOR GREEN MANURES — AUTUMN SOWING, SPRING INCORPORATION
PACTUTENNHU BUAOBU 3A 3E/IEHO 'YBPEHE — ECEHCKA CEUAEBA, NMPOJIETHA

MHKOPMOPALUIA

m.h ¢ Autumn sown crops which go through the winter will scavenge nitrogen from soils thus

preventing “leaching” and can be incorporated in the following spring, or can provide a source

of forage, prior to incorporation. Help to control erosion.

¢ EceHcuTe KyNTypu BO TEKOT Ha 3MMmarTa ro Bp3yBaaT a30TOT O/, No4YBaTa U ro cnpeyysaaT HEroBoTo NPOMUBaHE
BO NoanaboKuTe cnoesu, MOXKaT Aa ce MHKopnopupaaT BO NousBaTa caegHaTta nponeT, uau aa obesbepar
3HauuTeNIeH U3BOP Ha CTOUYHA XpaHa npea, Aa ce MHKopnopupaaTt. Mlomaraat Bo KOHTPO/1a Ha epo3unjaTa.

Av sowing Treatment Incorporation Soil type Useful information and growing tips
rate kg/ha type period

Short Term Crops Spring/Autumn Sowing & Autumn/Spring Incorporation

Untreated, Spring/ Deeply Fast growing. Good alternative to mustard if using high glucosinolate
Most types, able

Cruiser OSR & Autumn penetrating varieties, as decomposition can release chemicals which produce a
TIELE 6—10 Organic Autumn - Spring  tap root. tottolerate poor biofumigation effect if incorporated within 24 hours of cutting. Where
soil & exposed . . L
club root is a problem, make sure a resistant variety is used.
sites
Untreated & Spring/ Prefers loams and Nitrogen fixing. Good weed supressor. Ensure winter hardy variety is
Organic Autumn clay. Will not thrive used. Due to its large seed size, will establish later than most other
65 - 85 Autumn - Spring  Tap root in wet or legumes. Requires fine, firm seed-bed. As with forage rye, do not

waterlogged follow too soon with brassica crop or germination will be adversely
conditions. affected.
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PLANT SPECIES FOR GREEN MANURES — LONGER TERM CROPS
PACTUTE/IHU BUL,0BU 3A 3ENIEHO FYEPEHSE — MOBEKEFOAULLHW KYITYPU

(R O
)"’(,/A;V “~ \\'\.\..“1
R E & PRACTSRYY

Crop Av sowing Incorporation Soil type Useful information and growing tips
rate kg/ha period

Longer Term Crops

Lucerne Untreated & Spring - Nitrogen fixing. Seed must be inoculated with rhizobium bacteria.
Medicago sativa Organic Early Very deep tap Light/chalky/ free- Prefers dry growing conditions. Uncompetitive particularly in early
20-25 Autumn  Autumn - Spring root draining stage of development so grow as pure stand or with non-aggressive
companion grasses.
Untreated & Spring - Creeping Wide range. Nitrogen fixing. Continued defoiation stimulates root growth and
White Clover Organic Early stolons. Tolerates dry nitrogen fixation. Smaller leaved varieties are more persistent than
Trifolium repens 8-10 Autumn  Autumn-Spring  gp )0y conditions. larger leaved. Good weed supressor. Shallow sow into fine, firm seed
rooting bed.
Untreated & Spring - Large, strong Wide range, avoid Aggressive, nitrogen fixing plant, does not release N until crop is
Red Clover Organic Early _ tap root poorly drained, ploughed in. Shorter term than white clover. Good for improving and
Trifolium pretense 1>-20 Autumn  Autumn - Spring acid soils aerating soil structure & useful weed supressor. Ensure fine, firm seed
bed.
Yellow Blossom Prefers poor soil . . . . . . .
Biennial. Nitrogen fixing, quick to establish and grows vigorously.
Clover and dry . . )
. - . . Improves soil structure. Plough in before flowering and before stems
Melilotus officinalis 15-20 Untreated Spring  Summer - Autumn Long tap root. conditions. . . .
o becomes woody. Attractive to bees and other insects if allowed to
Dislikes wet,
flower.
heavy ground.
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- 4.

Recommendations - NMpenopaku
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3owTo Aa He ?

Hayr - Cicer arietinum L.
Ecnapsera — Onobrychis sp.

YpoB — Vicia sativa L.

Cycam — Sesamum indicum L
NeH - Linum usitatissimum L.

Niemationa Jouma of SAgronomy

Winlpme 20T [237T], Adicle D ATGTHE, § pages
hifpe ol prg M 1 5RO FIATET RS

Rapaarch Arhcle

Effect of Organic Mukching on Soi Moisture, Yisld, and Yield Contributing Compaonents of Sesame (Sesamurm indfcen L.)
Goom Tapme.! Alemieabay Tpagay ¥ and Derthany Abra?

Auvstrallam |owrnal of

Crop Science ATJCS

N e N W A e TR ]

Elmb: AH G- 5

Responee of orgamie Hnseed (Livam psinriizsimaar L) to tlie combination of tillage systens,

{mimirminne, convenlional amel pe-tillage ) and Feosctilizatiocn practices: Seecd aond oil vield
prrocluctim

v, .0, EI-IIrlII:-:".__.'Iu.. Earkanls", P, Papnsoviianos', %, Patsiai’, 30 Athasosopoulou’, €. Baria',
L. Kakialsnuki®

'.'l.Et’Il.'III“IHHI Uimlversiny of Adlbems, Dhepartment of Crop Sobemed, Iera Calos 75, LIRSS Arhems, Crees
:IIIHI.. Crhrpnmic Crrtineailom Ealky, Acistobrios 56, TS Alhe s, Gaeree

L ATE s I am s s il s ar v s pr
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INTERESTING EXAMPLES FROM FOREIGN STUDIES - UHTEPECHU NPUMEPU O4, CTPAHCKH
NCTPAXYBAHA
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Wild sunflower as a green manure for rice in the mid country wet zone [in Sri Lanka, 1982]

-

[uB coHUOrnen Kako 3eneHo Fy6puBo BO LieHTPaNeH Aen Ha 3emjaTa co BAaXKHa Kauma [Lpu NlaHka, 1982]

Nagarajah, S. Nizar, B.M. (Central Agricultural Research Inst., Peradeniya (Sri Lanka)
http://agris.fao.org/agris-search/search.do?recordID=LK8700017
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INTERESTING EXAMPLES FROM FOREIGN STUDIES - UHTEPECHU NPUMEPU O4, CTPAHCKH
NCTPAXYBAHA

- New green manuring Lathyrus sativus variety AC Greenfix available in USA
S David Krause and lla Krause Dakota Frontier Seeds, 6520 45th Avenue Flasher, North Dakota 58535, USA
Email: dakotafrontierseeds@westriv.com

YCE g pRACTIE

AC Greenfix was officially registered under the Canada Seeds Act and AC Greepflx odunmjanHo oui piFIgCTpHpaI;I] TIO/T Canzda Seeds Act u cranan
became commercially available in May 1996 from Johnson Seeds, of Arborg, ~ <OMEPLMjaiIHO focTarien Bo Maj 1996 ox Johnson Seeds, on Apbopr, MannTo0a,
Manitoba, Canada. Its benefits were shown in four years of on-farm studies Karna. Herosnre MpruoOHeKy Omile MPHKaXaHH BO TUTHPHTOIHILCH EKCTIEPHMEHT
with only 125-150 mm of rainfall. The studies showed an average Ha (apma co camo 125-150 mm BpHexu. McrutypamaTa nokaxkane npocetHa
production rate of 90-100 kg N/ha, with more than 200 kg produced in one cranka Ha npoxykrueHoct on 90-100 kg N/ha, co noseike on 200 kg nponseenctn
research test plot. Nitrogen fixing begins in the top 30 cm of soil about two BO €/IHa eKCIIEpUMETaHa NapLena. Pukcauyjata Ha asoT NOuHyBa Bo ropaute 30
weeks after emergence and reaches maximum activity between early and ~ ¢M [01Ba OKOJIy /IBE HELETH NOC/I€ HOHUKHYBAILETO M I0CTHTHYBA MAKCHMYM
fUII b|00m AKTUBHOCT IMOMET'Y MMOYE€THO U MAaCOBHO IBETAILE.

BF 3 R i PSS %
PR R T

; =.'gr;s‘_§"

Fig. 1. Lathyrus sativus cv AC Greenfix. From left to right: Seeds, 2-3 weeks growth, flowers and pods.

http://www.web.uwa.edu.au/__data/assets/pdf file/0004/919786/ACGreenfix.pdf
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SUMMARY - CONCLUSIONS

» Higher institutional support of this agricultural
practice.

% Inclusion of this subject
in the teaching programmes at all levels.

** Reseach.......... Missing... ???
¢ There are no recipes and patterns in agriculture !!!
cultivation site, climate, variety, soil, conditions of
production year??? That’s why there is need for testing
of several plant species and grass mixtures on smaller
fields in order the most appropriate for specific location
to be found.
*¢* Green manure has less disadvantages

and more advantages,
thus its application shall be extended on large-scale !!!

PESUME - 3AK/TYHOUMU

*

L)

% Moronema MHCTUTYLMOHANHA NOAPLUKA 33 0Baa
arpomepkKa.

&

+* Moronemo BKAy4YyBare HA TEMATCKN eAUHULM O4
oBaa obnacrt Bo
HacTaBHUTE NMporpamu Ha cuTe HUBOA.

/7

* Wctpaxysama .......... Hegocracysaar... ???

+* Bo 3emjoaencrsoTo Hema KOHKPETHU peLenTu U
wabnoHum 1!

mecTononox6a, KAMma, copta, No4YBa, YC/I0BU Ha

roguHara ??? 3atoa notpebHo e Aaa ce ucnmutTaat HEKOJIKY

pacTUTEeNHU BUAO0BU WU TPEBHU CMECKM Ha NOMaNun

NOBPLUMHMU, CO LeN Aa ce HajaaT HajcooaBeTHUTE 3a

ogpeaeH NoOKanurer.

** 3eneHoto fybperse uma nomasn 6poj Ha cnabu cTpaHu
a noronem 6poj Ha
no3MTUBHOCTK, Na 3aToa Tpeba aa ce omacosysa !!!
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THANK YOU FOR YOUR ATTENTION!

BNATOQAPAM 3A BHUMAHMUETO!

Ljupco Mihajlov, Fidanka Trajkova, Faculty of Agriculture, Goce Delcev University — Stip, Republic of Macedonia



