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Vliv rozdilnych typu zastinu na vybrané vlastnosti plantazi Coffea

arabica v okoli mésta Villa Rica, Peru

Abstrakt

Kavovnik nalezi mezi velmi dualezité plodiny a zaroven je vhodny pro péstovani
Vv agrolesnickych systémech. Béhem péti let byly studovany c¢tyii kavové plantaze
S riiznymi typy zastinu a bez néj V centralni ¢asti podhuii peruanskych And. Jednou ze
sledovanych veli¢in bylo vazani uhliky, kdy nejvice ho bylo vazano na plantazi stinéné
Eucalyptus spp., nasledoval Pinus spp., Inga spp. a nejméné na nezastinéné plantazi. Pti
studiu mikroklimatu bylo zji§téno, Ze zastin snizoval teplotu vzduchu a pidy a zvySoval
vlhkost vzduchu v porovnani s nezastinénym stanovistém. Dostupnost vody v pudé¢ byla
mens$i na zastinéné plantazi. Dalsi studovanou charakteristikou byl vyskyt kavové rzi, kdy
nejveétsi vliv na piitomnost této choroby méla odrida a vék kavovniku. Dle vypo¢tl v této
préci, piijem z prodeje dieva stinicich dfevin miiZze ¢init 2—72 % piijmi z prodeje kavy.
Klic¢ova slova: agrolesnictvi, kdvovnik, vazani uhliku, mikroklimatické podminky, rez

kavova, stinici dfeviny

Influence of different shade types on properties of Coffea arabica

plantations in vicinity of Villa Rica town, Peru

Abstract

Coffee belongs to very important crops in the world and it is traditionally grown in
agroforestry systems. During the five years the four coffee plantations with different type
of shading were studied in the foothills of the Peruvian Andes. The highest amount of
carbon was found in the plantation shaded dominantly by Eucalyptus spp., followed by
Pinus spp., Inga spp. and non-shaded site. The microclimatic characteristic measurement
shows that shading reduces the mean air and soil temperatures and increases the air
humidity, compared to the non-shaded site. It was recorded drier soil conditions at the
shaded site. At all plantations, coffee variety and age had a significant effect on Coffee
Leaf Rust incidence. The value of the timber stored in shade trees varied significantly.
There were different results for different shade trees species (from 2% to 72% of the
annual income from coffee production).

Key words: agroforesty, coffee, carbon sequestration, microclimatic conditions,

Hemileia vastarix, Peru, shade trees
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1 Uvod

Kava se ziskava zplodu kavovnikt (Coffea spp.) a je velmi dilezitou svétové
obchodovanou komoditou (O’Brien & Kinnaird 2003), ktera ptedstavuje hlavni zdroje
piijmi 25 miliont lidi (Donald 2004). Kavovniky jsou péstovany na plose 100 000 km?
(Lewin et al. 2004; Leff et al. 2004), a proto ma zpusob jejich péstovani jak ekonomické,
tak i environmentalni globalni dopady.

Kévovnik roste ptirozené v podrostu etiopskych lesii, a proto je optimélni plodinou pro
agrolesnické systémy. Agrolesnictvi predstavuje systém vyuziti pudy, ve kterém je
péstovani dievin a kefll spojeno s péstovanim zemédélskych plodin (Nair 1993).
Charakteristikou agrolesnickych systémii je schopnost optimalizovat a zaroven
diverzifikovat produkci daného tizemi, kde stromy poskytuji mnoho rtiznych surovin jako
je napf. dfevo, potrava, pice, otop, organicky material, 1é¢ivé a kosmetické latky, oleje a
pryskyfice (Torre 2008). Vzhledem K rozsahlému odlesiiovani v oblasti tropického
destného lesa, jsou agrolesnické systémy moznosti, jak alespon Caste¢né zachovat
podminky vhodné pro zivot mistnich druhii, které na odlesnénych plochach nejsou
schopny piezit (Perfecto et al. 1996; Moguel a Toledo 1999). Kavovnik je mozné péstovat
i na monokulturnich plantaZich bez stinicich dfevin (Campanha et al. 2004). Tyto typy
plantdzi v§ak ochuzuji biodiverzitu dan¢ho uzemi a také zptisobuji degradaci tropickych

pud (Fernandez 2001).

Vzhledem k negativnim dopadiim zmény klimatu je v poslednich letech kladen diraz na
snizeni obsahu sklenikovych plynil v atmosféfe, a to zejména oxidu uhli¢itého. Spatné
hospodafeni s pidou (zejména odlesnovani) je druhym nejvétsim zdrojem CO2
v atmosfeéte (IPCC 2013). Agrolesnictvi se pfitom jevi jako vhodny systém péstovani
plodin, ktery dokaze vazat CO2 (Schroth et al. 2002). Kavové plantaze hraji, diky velké
rozloze, na které se nachazeji, dtlezitou roli v kolob¢hu uhliku. Aby bylo mozné zvolit
vhodnou politiku podpory vazani CO2 pro péstitele kavy, je zapotiebi kvantifikovat
mnozstvi tohoto plynu vazaného na agrolesnickych kavovych plantazich s riznymi druhy

stinicich dfevin a na monokulturnich kdvovych plantazich bez zastinu.

Agrolesnictvi je povazovano za nedestruktivni a finan¢né dostupny zptsob, jak ochranit
zemédé€lské plodiny pred budoucimi zménami klimatu (Lin 2007). Stinici dfeviny na

kavovych plantazich zlepsuji mikroklimatické poméry tim, Ze zmiriiuji teplotni extrémy



vzduchu a listt kavovniku (Siles et al. 2010). Z produk¢niho i ekologického tthlu pohledu
je znalost zmén mikroklimatu v zastinéném a nezastinéném porostu kavovniku béhem
riznych obdobi roku diilezita pro zavedeni trvale udrzitelnych agronomickych postupt
(Morais et al. 2006). I piesto, ze je Peru jednim z hlavnich exportéri kavy,
0 mikroklimatickych pomérech na kavovych plantazich vtéto zemi nalezneme
V literatuie pouze velmi mélo informaci. Pfitom sledovani mikroklimatu mize pomoci
pochopit, jaky vliv maji stinici dfeviny na kavovnik a zda jej mohou chranit pied vykyvy

klimatu.

S rozsitenim kévovniku do tropii celého svéta a jeho péstovanim na plantazich velkych
kavovniku je rez kavova, zpusobena houbou (Hemileia vastarix Berk et Br.) (Kushalappa
1989; Prakash et al. 2004; Wintgens 2012). Rez kavova se vyskytuje ve vSech zemich
péstujicich kavovnik a zplsobuje velké Skody na té€chto rostlinach i sklizni kavy
(Wintgens 2012). Na vyskyt rzi kavové pisobi mnoho faktorti a doposud neni jasné, jak
vyskyt nemoci ovlivituji. Velmi dileZité je zjistit, zda zastin zvysuje, snizuje, anebo nema
vliv na pravdépodobnost onemocnéni kavovou rzi. Toto zjisténi mize napomoci k volbé
vhodnych péstebnich postupll a ke stanoveni optimalni Grovné zastinu na kavovych

plantazich.

Agrolesnictvi je vSeobecné vnimano jako potencialni zpusob ke zlepSeni
socioekonomické a environmentalni udrzitelnosti v rozvojovych zemich (Jiménez-Avila
a Martinez 1979; Barradas a Fanjul 1984; Garrett et al. 2000; Alavalapati and Nair 2001;
Nair 2001). Vynos z prodeje dieva stinicich dfevin mize pomoci péstitelim kompenzovat
ztraty zpusobené kolisanim cen kavy na svétovych trzich. Préce, které se vénuji tématice
zvySeni vynosu kavovych plantazi prostfednictvim prodeje dieva ze stinicich dfevin,
vychézeji vétSinou z dotaznikovych Setfeni. Piitom ovéreni zasob obchodovatelné dievni
hmoty pro rGzné druhy stinicich dfevin pfimo na plantazich mize pomoci nejen
péstitelim pii volbé péstebnich praktik, ale 1 riznym organizacim podporujicim péstitele

kavy ke spravné volbé strategie.

Otazek, kterym se da vénovat v agrolesnictvi, je velmi mnoho. Tato prace si vybrala ¢tyfi
hlavni témata naznacena v piedchozim textu (vazani uhliku, rozdily v mikroklimatu,
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nemocnost kavovniku a podil stinicich dfevin na vynosech z kavovych plantazi), ktera
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autorka zkoumala na agrolesnickych kavovych plantazich v okoli méstecka Villa Rica
v Peru. Témata ke studiu nebyla stanovena najednou, ale vyvijela se postupné studiem

literatury a zejména spolupraci s mistnimi péstiteli kavy.

Pro péstitele je vyzkum na kévovych plantazich velmi dilezity. Nékteti péstitelé chtéji
zaCit s agrolesnictvim pod vlivem pfispévki na zalesiovani a véazani uhliku, proto
potiebuji védet, pro které stinici dieviny by mohli dostat nejvetsi podporu. Dalsi péstitelé
chtéji zvysit svoje zisky z produkce kavy prostiednictvim vynost z prodeje dieva
stinicich dfevin. Jini péstitelé jiz vlastni kdvovou plantaz a potiebuji vice znalosti o tom,
ve kterych podminkach bude kéva nejlépe vzdorovat obavané rzi kavové. Tém, ktefi jiz
kavu péstuji, také poslouzi udaj o tom, jak stinici porost ovliviiuje mikroklima a jak
docilit optimalni teploty a vlhkosti vzduchu a ptidy pro kavovnik. Vyzkum péstovani
kavovniku je dualezity také pro jednotlivé staty a organizace vénujici se otazce zmény
klimatu. Mnoho organizaci vydava doporuceni pro péstitele a pro tato doporuceni
potiebuji data ziskana v terénu. | z tohoto diivodu se autorka rozhodla vytvofit disertaéni
praci slozenou ze ¢lankd psanych v anglickém jazyce a vydanych v mezinarodnich
Casopisech. Prostfednictvim téchto publikaci se vysledky vyzkumu dostanou k ¢tenarim
z celého svéta. Anglicky psané ¢lanky tvofi v této disertacni praci jednotlivé kapitoly,

které jsou uvedeny a zakonceny kapitolami v ¢eském jazyce.



2 Cil prace

Hlavnim cilem této prace bylo porovnani kavovych plantazi péstovanych s riznymi typy
zastinu a bez zastinu z hlediska vazani uhliku, mikroklimatickych charakteristik, vyskytu
rzi kavové a moznosti diverzifikovat piijmy péstitelt. Byly vybrany tii reprezentativni
kavové plantaze pestované agrolesnickym zpusobem, pficemz na jedné plantazi byl
vymezen segment pestovany bez zastinu, ktery charakterizuje monokulturné péstovanou
kavovou plantaz. Po dvou letech byla do vyzkumu pfifazena dalsi plantdz z diivodu

ukonceni péstovani kavovniku na jedné z diive sledovanych plantazi.

Hlavni otazky predkladané prace:

Kolik uhliku je vazano na agrolesnickych kavovvych plantdZich stinénvch riznymi druhy

dievin (Inga spp., Eucalyptus spp., Pinus spp.) a na monokulturni kdvové plantaZi?

Kvantifikace mnozstvi uhliku na rozdilnych plantdzich ndm umozni Iépe porozumét roli
agrolesnickych systému v kolob&éhu uhliku. Toto téma je dilezité i pro vlastniky, protoze
pokud se dostanou do programu podpory vazani uhliku, bude to pro né znamenat moznost
diversifikace jejich ptijmil. Diky kvantifikaci mnozstvi uhliku vdzaného v agrolesnickych
systémech, bude mozné 1épe porozumét roli téchto ekosystémt v REDD+ programech a

nasledné vytvoftit vhodnou strategii pro vazani uhliku.

Jaky je vliv stinicich dfevin na mikroklima kavovych plantazi?

Piestoze centralni ¢ast peruanské Amazonie je pro péstovani kavy dulezitym regionem,
nejsou zde kdispozici zadné informace o mikroklimatu na kavovych plantazich.
Mikroklima je ovliviiovano stinicimi dfevinami a zaroven ma velky vliv na kavovnik.
Cilem mikroklimatickych méfeni v agrolesnické a monokulturni ¢asti plantdze bylo najit
odpovéd’ na nasledujici otazky:

Jaky efekt ma zastin na pudni a vzdusnou teplotu a vlhkost na kavovych plantazich?
Jaka je schopnost stinicich drevin zmirnit mikroklimatické vykyvy a také vykyvy piidniho

vodniho potencialu?

Jakou roli hraje odruda, vék a hustota vysadby kavovniku, mnoZstvi zastinu a pudni

vlastnosti ve vvskvtu kavové rzi (Hemileia vastarix) na kdvovvch plantazich?

Kavova rez je jednou z nejobavangjsich onemocnéni kavovniku. I ptes tuto skutecnost je

studii vénujicich se vlivu riiznych faktort na vyskyt kavové rzi odpublikovéno relativné



malé mnozstvi. Hlavni otazky, které byly vzhledem k vyskytu rzi kdvové v této praci
polozeny, jsou nasledujici:

Jak odriida kavovniku oviliviuje vyskyt rzi kavové? V literatufe nalezneme studie
0 nachylnosti jednotlivych odrtd ke rzi kavové, ale studie vénované testovani nachylnosti
k onemocnéni jednotlivych odrid kavovniku rzi kavovou, zpracovanych piimo v terénu
na plantazich, nebyly nalezeny.

Jak ovliviiuje zastin vyskyt rzi kavoveé? Presvédceni o tom, Ze se zvysSujicim se zastinem
kavovych plantazi na monokulturni péstovani. Pfitom z dostupné literatury vyplyva, ze
vliv zastinu na vyskyt kavové rzi je velmi sporny. Testovani mnozstvi vyskytu rzi kavové
Vv zavislosti na Grovni zastinu a zaroven dalSich faktorech by mohlo pfinést odpoveéd’ na
tuto otazku.

Maji stari a hustota vysadby kavovniku a viastnosti pidy viiv na vyskyt kavove rzi? Taktéz
byl zkouman vliv dalSich faktord, kterym se pfedchozi studie vénovaly Casto (hustota
vysadby), velmi ziidka (padni vlastnosti), nebo vibec (vék kavovniku). Autorka se
domniva, ze multikriteridlni analyza vlivu riznych faktorti na kdvovou rez, mize objasnit

dosud neptedpokladané vztahy mezi riiznymi faktory.

Kolik dievni hmoty poskytuji stinici dieviny a jakou mirou se mohou podilet na prijmech

Z kdvovych plantazi?

Kéva je tradi¢né péstovana v agrolesnickych systémech, kde stinici dfeviny mohou byt
zdrojem piijmi pro péstitele kavy. Informace o hodnoté dieva stinicich dievin a jeho
potencidlnim podilu na ekonomice kavovych plantaZi zaloZena na empirickych datech
neni v soucasné dobé k dispozici. Hlavni podotazkou tedy je:

Miize prijem z prodeje dieva nahradit prijem z prodeje kavy? K zodpovézeni této otazky

byly pouzity vypocty zalozené na riznych kombinacich vySe cen a velikosti sklizné kavy.



3 Struktura prace

Diserta¢ni prace je piedlozena ve formé ¢lankt v anglickém jazyce (tab. 1), které jsou
zafazeny do &tyf kapitol, a je doplnéna &esky psanymi kapitolami: Uvod, Cil prace,
Struktura prace, Teoretické aspekty studované problematiky, Metodika prace, Celkovy
zavér, Fotografické ptilohy a anglicky psanym Summary. P¥i psani dvojjazy¢né diserta¢ni
prace byla autorka inspirovana disertaénimi pracemi, které na Lesnické a dievarské
fakulté Mendelovy univerzity v Brné obhajili v roce 2014 Ing. Martin Senfeldr, Ph.D. a
v roce 2016 Ing. Irena Hubalkova, Ph.D.

Autorka je u vSech ptipojenych publikaci uvedena jako hlavni autor. Podil fesitelky

disertacni prace na zpracovanych ¢lancich je nasledujici:

Carbon stock in agroforestry coffee plantations with different shade trees in Villa
Rica, Peru

Autorka disertacni prace provedla vSechny terénni prace, a to bud’ za pomoci mistnich
pracovniku, nebo studentd Mendelovy univerzity v Brné (MENDELU). Analyzy pid
byly zpracovany v laboratofi pfi univerzité Universidad Nacional Agraria de la Selva,
Tingo Maria, Peru. VétSinu vypocti a grafii, kromé pedologickych dat, vyhotovila
autorka v programu Microsoft Excel. Autorka napsala textovou c¢ast manuskriptu.

Spoluautofi poskytli cenné rady pii vyhodnocovani dat a psani textové ¢asti prace.

Microclimatic differences between shaded and non-shaded parts of a coffee
plantation in the Peruvian Amazon

Autorka nainstalovala ¢idla pro méteni mikroklimatickych dat a nasledné pravidelné tato
data stahovala. Autorka také zpracovala mikroklimaticka data v programu Microsoft
Excel a Statistica a vytvofila grafy, které jsou pouzity v praci. Manuskript napsala
autorka, pfi¢emz spoluautofi ji poskytli cenné rady jak metodického razu, tak v pribéhu

zpracovani dat a pfi psani textu.

Identifying key factors affecting coffee leaf rust incidence in agroforestry
plantations in Peru

Autorka disertacni prace provedla vSechny terénni prace, a to bud’ za pomoci mistnich
pracovniki, nebo studenti MENDELU. Analyzy pid byly zpracovany v laboratofi pfi

univerzité Universidad Nacional Agraria de la Selva, Tingo Maria, Peru. Cast tabulek
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psala autorka, pricemz spoluautofti se podileli na psani metodické sekce a poskytli ji také

cenné rady.

Shade tree timber as a source of income diversification in agroforestry coffee
plantations

Autorka pouzila data zterénnich praci, které vedla a také data pani Ing. Zuzany
Septunové, které byly publikovéany v jeji diplomové praci, u niz autorka figurovala jako
konzultant (tato data poslouZila k vypoétim alometrickych rovnic). Cast tabulek a grafi
Manuskript psala autorka, ptfi¢emz spoluautofi poskytli cenné rady a ptipominky

K sepsani textu.

Tab. 1: Pfehled publikaci zaiazenych do disertacni prace.

Nazev publikace Typ Periodikum/sbornik | Stav Autori
Carbon stock in ¢lanek ve Agroforest System Ehrenbergerova L.,
agroforestry coffee védeckém (2016) 90: 433-445 Cienciala E.,
plantations with Casopise DOI 10.1007/s10457- vydano Kucera A.,
different shade trees in | s impakt 015-9865-7 Guy L.,
Villa Rica, Peru faktorem Habrova H.
Microclimatic
) ¢lanek ve

differences between < dockd Ehrenb L

vedeckem i enoergerova L.,
shaded and non-shaded Experimental ; . 8

y . submitted

Casopise Agriculture Senfeldr M.,
parts of a coffee )

o s impakt Habrova H.
plantation in the
. faktorem
Peruvian Amazon
Identifying key factors | ¢lanek ve Ehrenbergerova L.,
affecting coffee leaf védeckém Kucera A.,
rust incidence in Casopise Agroforestry Systems submitted Cienciala E.,
agroforestry plantations | s impakt Trochta J.,
in Peru faktorem Volaiik D.
Shade tree timber as ¢lanek ve Ehrenbergerova L.,
a source of income védeckém Agriculture, ) Septunova Z.,
V recenznim
diversification in Casopise Ecosystems & o Habrova H.,
H rizeni

agroforestry coffee s impakt Environment Puerta Tuesta R. H.,
plantations faktorem Matula R.




4 Soucasny stav IFeSené problematiky

4.1 Kavovnik (Coffea)
Rod Coffea L. (kdvovnik) nalezi do ¢eledi Rubiaceae (motenovité) pochazejici z tropické
Afriky (Vali¢ek 2002). Celkem do rodu Coffea nalezi 70 druha rostlin (Wintgens 2012).
vyrobu kavy: Coffea arabica (kava arabika) a C. canephora var. robusta (kava robusta).
Dalsi dva druhy vyuzivané pro vyrobu kavy méné ¢asto jsou: C. liberica (liberijska kava)
a C. excelsa (kava excelsa), které jsou §& \ .:;'\ ‘ ; -
péstovany v zapadni Africe a Vv ASI o aEEa-

a predstavuji pouze 1-2% svétové
produkce kavy (Wintgens 2012). Na
druhou stranu 65 % svétové produkce
kdvy ¢ini sklizen C. arabica |
(Valicek 2002). V této disertacni praci

bude pod pojmem kavovnik popisovan

Obr. 1: Ru¢ni sbér kavy na rostliné Coff arabica,
uvedeno jinak (obr. 1). Villa Rica, Peru.

pouze druh C.arabica, nebude-li

4.2 Kavovnik arabsky (Coffea arabica)

Caffea arabica je stalezeleny ket nebo kefovity strom 2—3 m vysoky s kratce fapikatymi,
vstiicnymi, eliptickymi listy, které jsou 120-150 mm dlouhé, Spicaté, tuhé, ¢asto zvIinéné.
Kvéty jsou ptisedlé po dvou az deviti
ve svazeCcich v uzlabi listd,
oboupohlavné, péti¢etné, vonné,
korunni platky bilé (obr. 2). Plodem je
elipsoidni asi 15 mm dlouha
peckovice na vrcholu se zbytky
zaschlého kalichu. V  duznatém

mezokarpu a blanitém endokarpu jsou

obvykle ulozena dvé zelena semena,

Obr. 2: Kvét kavovniku, Villa Rica, Peru.

zjedné strany plocha, s hlubokou
ryhou (Valicek 2002).



4.2.1 Taxonomické zatfazeni druhu Coffea arabica L., 1768
RiSe: Plantae (rostliny)
Podrise: Tracheobionta
Oddé¢leni: Magnoliophyta
Ttida: Rosopsida
Rad: Gentianales Juss. ex Bercht. & J. Presl
Celed’: Rubiaceae Juss.
Rod: Coffea L.
Podsekce: Erythrocoffea

Druh: Coffea arabica L.

4.2.2 Rozsifeni

Kavovnik arabsky pochazi z Etiopie, kde je mozné stale nalézt plané rostliny tohoto druhu
Vv podrostu mistnich lestt (Wintgens 2012). Kavovnik byl z Etiopie nejdiive vyvezen do
Jemenu, pficemz prvni zminky o jeho péstovani v této oblasti pochazi z roku 575
(Thorn 1995), kde se péstoval ve vEtsi mife, a pies piistav Mokka byla exportovana
prazena kavova zrna i do Evropy (Nowak 2002). K rozsifeni péstovani kavovniku
z Jemenu do dalSich zemi doslo az v 17. stoleti, kdy Danové zalozili plantdze v Indonésii.
Teprve v roce 1718, kdyz Holand’ané dovezli kavovnik na severni pobtezi Jizni Ameriky,

se tato rostlina poprvé dostala na Gizemi, které se mé¢lo brzy stat centrem jejiho péstovani

(Thorn 1995).

V Africe roste kava (C. arabica a C. robusta) na kontinentalnich nahornich plosinach, na
vychodnim pobftezi a na Madagaskaru. V Asii a Oceanii nalezneme tyto druhy ve vyssich
nadmoiskych vyskach Jemenu, Indie, Filipin, Papuy Nové Guiney, Mauricia, Reunionu,
Nové Kaledonie, Vietnamu a Havaje. V Americe potom na ndhornich ploSinach
tropickych oblasti a ve stfednich nadmoiskych vySkach Jizni Ameriky a karibskych
oblasti (Wintgens 2012). Nejvice kavy druhu C. arabica se vypéstuje v Latinské
Americe, kdezto C.canephora je péstovana zejména Vv Asii (Donald 2004). Kava
(C. arabica a C. robusta) ptedstavuje hlavni zdroje pfijmt pro 25 miliéna lidi, vétsinou
malych péstiteld (Donald 2004).



Obr. 3: Rozsiieni Cofea arabica a C. canephora var. robusta ve svété. Vysvétlivky: r = C. canephora
var. robusta, m = C. canephora var. robusta + Cofea arabica, a = C. arabica [1].

4.2.3 Stanovisté

Kévovnik arabsky pochazi z etiopského tropického lesa, kde roste v nadmoiskych
vyskach mezi 1600-2 800 mn. m. Primérna ro¢ni teplota je zde 20 °C s velkou
variabilitou teploty vzduchu béhem dne. Roéni srazky se pohybuji mezi 1600 az
2 000 mm, kdy vétSina spadne v obdobi od biezna do fijna a zbytek roku je suchy
(Sylvain 1955).

V soucasné dob& se kavovnik péstuje mezi 22. stupném severni a 26. stupném jiZni
zemépisné Sitky (Wintgens 2012). Optimalni teplota pro C. arabica je dle Alegra (1959)
18-21 °C, Wintgens (2012) uvadi 18 °C ptes noc a 22 °C behem dne s tolerovanymi
extrémy 15 °C ptes noc a 25-30 °C pies den. Pti teploté¢ vyssi jak 28 °C je urychleno
zrani plodi na tkor kvality, naopak nizké teploty zrani plodii zpomaluji (Camargo 1985).
Vysoké teploty také podporuji vznik onemocnéni kavovniku zpisobené Hemileia
vastarix nebo rodu Cecrospora (Wintgens 2012). Naopak pokles teploty pod -2 °C na
dobu delsi nez 6 hodin zpisobi vazné poskozeni kavovniku, které muze vést az k jeho
odumieni (Wintgens 2012). Prub¢hy teplot také pasobi na stav kavovniku — pokud
rozdily v teploté vzduchu prekroci béhem dne 19 °C, mize dojit k vaznému poskozeni
rostliny (Wintgens 2012).

Kévovniku arabskému nejlépe vyhovuji dle Alegra (1959) primérné rocni srazky mezi
1 200-1 800 mm, podle Wintgense (2012) je to 1 400-2 000 mm. Intenzivni desté¢ béhem

roku zpusobuji nerovnomérnou sklizen a nizsi vynosy (Maestri a Barros 1977). Pokud
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klesnou primérné roéni srazky pod 800-1 000 mm, je vyznamné ohrozeno kveteni a
sklizen. Naopak ro¢ni uhrny srazek mezi 2 500-3 000 mm jsou bézné v mnoha oblastech
péstovani kavy a nejsou zdrojem vétSich poskozeni kavovniku. V oblastech s ro¢nim
uhrnem srazek nad 3 000 mm se péstovani kavovniku nedoporucuje (Wintgens 2012).
Dulezité je 2 az 4 mésicni obdobi sucha, které hraje vyznamnou roli pro néstup kveteni
(Haarer 1958). Coffea arabica je schopna bez poSkozeni snést i Ctyf az Sesti mé&sicni
obdobi sucha (Wintgens 2012). Coffea arabica vyzaduje vlhkost 60 % (Wintgens 2012),
coz je dokonce mensi vlhkost, nez jakd je bézna na Etiopské vysocin¢ (Haarer 1958;

Coste 1992). Vlhkost vzduchu nad 85 % miize zhorsit kvalitu kavy.

Jelikoz se hlavni ¢ast kofenového systému kavovniku vyviji v horni vrstvé pudy (do
300 mm), jsou jeji vlastnosti velmi dilezité (Wintgens 2012). Pidy vhodné pro péstovani
kavovniku maji mit porovitost 50-60 %, obsah mineralti 45 % a obsah organickych latek
2-5 %. Nejvhodnéjsi pady pro jeho péstovani jsou ptivodem z lavy, vulkanického popela,
bazickych hornin a aluvidlnich usazenin, které poskytuji vysokou kapacitu kationtové
vymény. Hlavni zdsadou je, Ze pidy, na kterych se kdva péstuje, by nemély obsahovat
vice nez 20-30 % hrubého pisku a 70 % jilu v horni vrstvé (300-500 mm). Pro spravny
rust kavovniku je dilezita hloubka ptidy nad piekazkou ristu kotenti. Pfekazkami mohou
byt tvrda povrchova kira (hardpan), vysoka hladina spodni vody nebo mate¢na hornina
blizko povrchu. Hloubka pidy by méla byt nejméné 2 m, pficemz kofeny kavovniku
mohou prorust do hloubky az 3 m. Kavovnik by nemél byt vysazovan v mistech, kde
hladina spodni vody je vyse nez 1,5 m. TaktéZ pro n&j nejsou vhodna zaplavovana tizemi
vlastnosti ma hluboka, propustna, lehce kysela a porovita pida s vysokou retencni
schopnosti. Naopak téZké, malo propustné piidy jsou pro kavovnik zcela nevhodné

(Wintgens 2012). Ukazka ptudy na plantazi Ave Fénix je na obr. 4.
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Rovinaté terény a malé sklony svahu jsou nejvhodnéjsi pro zalozeni kavovych plantazi,
protoze jsou zde vétSinou hluboké
pudy, dobrd vodni retenéni
kapacita a Ize zde pouzit
mechanizaci. Na druhou stranu
muze byt kdvovnik péstovan také
na svazich, pokud se pouZije
vhodnad technologie péstovani,
aby bylo zamezeno erozi. Obecné
kavové plantaze na svazich se
sklonem 20-30 % mohou byt

obhospodafovany za  pouZiti

nafadi tazenych zvitaty. Vétsi

~ - i G
— S g e P

sklony pak musi byt sklizeny  Obr. 4: Zikopek z plantaZe Ave Fénix, Peru.
ru¢né (Wintgens 2012).

4.2.4 Hlavni choroby kdvovniku

Nadzemni ¢asti kdvovniku napadaji riizné choroby, mezi ty nejvyznamnéjsi patfi:

Rez kavovi (Spané€lsky: Roya herrumbe; anglicky Coffee leaf rust)

Rez kavova je jedna z ekonomicky nejvyznamnéjSich chorob kavovniku na svéte
(Kushalappa 1989; Prakash et al. 2004). Jedna se o houbovou chorobu zptisobenou
druhem Hemilia vastarix Berk. and Br. z ¢eledi Puccinaceae. Tato choroba byla poprvé
identifikovana v roce 1891 na Sri Lance a dlouhou dobu se mélo za to, ze se vyskytuje
pouze Vv Asii a Africe. AvSak v roce 1970 byla nalezena mala plocha osazena Coffea
arabica, ktera byla nakazena praveé rzi kavovou, ve staté¢ Bahia v Brazilii a tim zac¢ina jeji
vyskyt ve Stiedni a Jizni Americe (Wintgens 2012). Rez kavova je povazovana za nejtézsi
znamé onemocnéni kavovniku, coz je ziejmé& zplsobeno tim, Ze vedla k ukonceni
pestovani kavy na Sri Lance pouhych 6 let po objeveni této choroby. Zajimavé je, ze

a4

prave tento fakt vedl k nahrazeni plantazi kavovniku ¢ajovymi plantaZzemi, coz nasledné
zapficinilo zvySeni konzumace Caje ve Velké Britanii. V rozsahu nasledkt infekce
kavovou rzi na Sri Lance samoziejmé hrala dulezitou roli také nedostupnost jakychkoli
piipravki pro boj s touto chorobou. Kavova rez nepiiznivé ovliviiuje zisky z kavy diky

tomu, ze Coffea arabica je nejvice napadanym druhem a zaroven je péstovana na
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nejveétsich rozlohach ze vsech kavovnikt (Wintgens 2012). Posledni epidemie kavoveé rzi
byla zaznamenana mezi roky 2012-2013 v mnoha zemich Latinské Ameriky (vCetné

Peru) a zpusobila zde ztraty na vynosech v rozmezi 10-70 % (JNC 2014).

Prvni symptomy napadeni touto chorobou jsou malé bezbarvé skvrny na spodni strané
listd. Do deseti dnii se tyto malé skvrnky zvétsi a pokryji list popraskem oranzové barvy,
viz. obr. 5 (Wintgens 2012). Stiedy skvrn zpisobenych kdvovou rzi mohou uschnout
a zbarvit se do hnéda. Nakazené listy poté pied¢asné opadavaji (Arneson 2000). Rozvoj
choroby zpusobi kompletni opadani vétvi, coz siln¢ oslabi rostlinu, a u méné vitalnich
jedinci muze mit za nasledek odumfeni rostliny. Obecné se piedpoklada, ze 1% ztrata

listti ptinese 1% ztratu na urod¢ (Wintgens 2012).

Spory Hemilia vastarix kli¢i pouze ve vlhkém prostiedi s teplotou vzduchu mezi 20 az
25 °C, s nejvetsi aktivitou pii 22 °C (Nutman et al. 1960). Kli¢eni spori bylo navic
zaznamenano zejména ve tmé (Rayner 1961). Tento fakt nutné neznamend, Ze spory
nekli¢i ve dne nebo za nepfiznivych teplotnich podminek, hypoteticky jim poskytne
vhodné prostiedi také pozice listti uvniti kdvovniku, anebo pod korunami stinicich dfevin

(Wintgens 2012).

Obr. 5: List kavovniku napadeny kavovou rzi. Zleva doprava — postup nakazy (Arneson 2000).

.0jo de Gallo“ (anglicky: American leaf spot)

Toto onemocnéni je zpisobeno druhem Mycena citricolor (Berk. and Curt) Sacc. ,,0jo
de Gallo* (v Peru nazyvano ,,0jo de Pollo* — kuii oko) se projevuje skvrnami na listé
kavovniku, které jsou pravidelné kulaté a uvniti tmavsi. Napadena tkan listu casto
odumira a list je potom dérovany. Silné napadeni touto chorobou zplsobuje uplné

opadani listd (Wintgens 2012).
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«Cercospora“ (anglicky: Brown Eye Spot)
Tuto chorobu zpusobuje druh Cercospora coffeicola Berk and Coke. Cercospora napada

listy vSech vékovych kategorii, ale nejvice postihuje listy mladé. Hlavnimi symptomy
jsou kulaté skvrny
Sedohnédé barvy se svétlejsi
skvrnou uprostied (obr. 6). |
na plodech se objevuji
hnédé skvrny a opadavaji
pfedcasné. Tato choroba
vSak napada pouze
kavovniky,  které  maji
nedostatek dusiku a

drasliku, a také ty, které jsou

vystaveny piimému slunci

(Wintgens 2012).

Obr. 6: List napadeny Cercosporou [2].

~Antracnosis® (anglicky: Coffee Berry Disease)

Antracnosis je zptisobena druhem Colleottrichum kahawae Waller and Brifge (Waller et
al. 1993). Symptomem této choroby jsou zlutohnédé skvrny s ¢ernymi teckami a cerné
ranky na zelenych plodech. Pravé tmavé ranky jsou nebezpecné a houba dokaze znicit
plod v n¢kolika dnech (Wintgens 2012).

~Tracheomicosis® (anglicky: Coffee Wild Disease)

Tracheomicosis zpusobuji nasledujici organismy: Fusarium xylarioides Steyaert,
Gibberella xylarioides Heim and Saccas a Carbuncularia xylarioides Heim and Saccas.
Listy napadené touto chorobou zezloutnou a nasledné opadaji. Postupné odumiou

(v fadech tydni az mésici) také vétve a nasledné cela rostlina (Wintgens 2012).
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4.2.5 Variety a odrudy kavovniku arabského

Slechténi kiavovniku umoznilo vznik vysoce plodicich odrid rezistentnich viiéi chorobam
zpusobenym Hemileia vastarix a Colletotrichum kahawae. V soucasné dobé pochazi
vétsina kavy na svétovych trzich z plantazi péstujicich slechténé odrady (viz obr. IX.

Vv kapitole Fotografické a obrazkové piilohy: Rodokmen kavovniku).

Prvni domestikace a vybér semen kavovniku probéhl v Jemenu v obdobi 13—-14. stoleti.
Tato semena se dostala do Indonésie (v 16. stoleti) a nasledné do Stedni a Jizni Ameriky,
kde se pod jménem varieta typica nebo arabica péstoval kavovnik nasledujicich 200 let.
Var. typica je velmi homogenni a na nékterych mistech je v nezménéné podob¢ péstovana
dodnes (Wintgens 2012). Rostliny kavovniku byly pfevezeny z Jemenu také do Bourbonu
(ostrov Reunion), odkud byly rozsifeny do Afriky a nasledné také do Stiedni a Jizni
Ameriky. Kavovniky, které se z Jemenu dostaly touto cestou, jsou oznaCovany var.
bourbon. Tato varieta je vysoce plodici a vice heterogenni nezli var. typica
(Wintgens 2012).

Vzhledem k velkému poctu variet jsou V nasledujicim textu vyjmenovany a popsany

pouze ty, které jsou péstovany na zkoumanych plantazich.

Varieta typica

Var. typica (obr. 7) je zakladem, ze kterého bylo vySlechténo mnoho odrid (CRI 2015).
Tyto odridy maji podobné vlastnosti: nizka az stfedné vysoka sklizeni, podlouhlé ovalné
plody, relativné malé podlouhlé¢ listy, vysoka kvalita chuti, témét horizontalni vétveni
a mladé listy bronzové barvy. Var. typica je nachylna na v§echny hlavni choroby, Skidce
a had’atka. Var. typica je stale péstovana mimo jiné ve Stfedni a Jizni Americe.
V centralni Americe byly zaznamenany také zakrslé odrudy var. typica a to ‘Villa Lobos°,
‘San Ramon°‘ a ‘Pache‘ (Wintgens 2012).
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Varieta bourbon

Rostliny var. bourbon (obr. 8) maji o 20-30 % vétsi sklizen nez var. typica. Chutova
kvalita kavy je navic srovnatelna svar. typica (CRI 2015). Var. bourbon je stale
péstovana vV Kolumbii, Stfedni Americe a zapadni Africe. Tato varieta ma Sir$i listy
a kulatgjsi plody nez var. typica a kef se vétvi spiSe vzhtiru. Var. bourbon produkuje kavu
skvélé chuti, ale je také nachylna ke v§em chorobam a sktidcim. Nejvhodnéjsi podminky

pro rast var. bourbon jsou mezi 1 000 az 2 000 m n. m. (Wintgens 2012).

£ X Y 7490

Obr. 8: Varieta bourbon — foto celé rostliny [3].
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‘Caturra‘

‘Caturra‘ (obr. 9) je zakrsla odriida s kratkymi internodii, ktera byla objevena jako hybrid
odridy red bourbon v Brazilii vroce 1937. ‘Caturra® ma vysoky potencial vynosu
(v dobrych podminkéch i pres 2 000 kg ha™) a dobrou chutovou kvalitu (CRI 2015). Tato
odrtda je ptizpliisobiva riznym podminkam, ale nejlepsi je pro ni nadmotska vyska mezi
450 az 1700 m n. m. se srazkami 2 500 az 3 500 mm, pficemz s vy$$i nadmoiskou
vyskou roste kvalita a klesa vynos (CRI 2015). ‘Caturra‘ se zda byt dobie adaptovanou
odridou pro podminky Kolumbie a Kostariky, kde je zdkladem hustych vysadeb
kavovniku (5 000-10 000 rostlin na ha). Jako var. bourbon je nachylna ke vsem hlavnim
chorobam a Skidctim kavovniku a charakteristiky plodu a listd jsou podobné jako u var.

bourbon (Wintgens 2012).

By 7, ey -

‘_&T' yrRL,

¢ Obr. 9: Var. ‘Caturra‘ — foto celé rostliny a apexu
prytu (plantaz Ave Fénix).

¢‘Catimor*

‘Catimor* (obr. 10) je kiiZzenec odrud ‘Caturra‘ a hibrido de timor (pfirozeny kiizenec
mezi C.arabica a C. canephora) vyslechtény v Portugalsku v roce 1960
(Silva et al. 2006). Jedna se o odridu s velmi vysokym vynosem. U odrady ‘Catimor® je
kvalita kavy z nizinnych plantazi srovnatelnd s ostatnimi varietami, avSak na plantazich
s nadmotskou vyskou nad 1 200 m n. m klesa (CRI 2015). Dilezitou vlastnosti odridy
‘Catimor* je jeji rezistence vuci rzi kavové. Avsak v Indonésii, Thajsku a v Indii se v§ak
ukazaly byt kavovniky odridy ‘Catimor® na tuto nemoc citlivé (Wintgens 2012).
V humidnich oblastech Kostariky vzrostlo onemocnéni chorobou ,,0jo de Gallo* po
introdukci odrid tolerantnich ke rzi kavové, jako napiiklad pravé odridy ‘Catimor

(Wang et al. 1999).
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‘Catuai‘

, Obr. 10: Odruda *Catimor’ — foto celé rostliny a
=8¢ apexu prytu (plantaZz Ave Fénix).

‘Catuai‘ (obr. 11) je zakrsla odruda vyslechténa v 50. a 60. letech v Brazilii, kde nyni

zaujima 50 % plochy kavovych plantazi a je hojné¢ vyuzivana také ve Stiedni Americe.

v

Tato odrida byla vyslechténa jako kiizenec yellow ‘Caturra® a mundo novo (hybrid odriad

Sumatra a Red Bourbon).

Odrida  “Catuai‘ je
nachylna k hlavnim
chorobam a napadenim

Skudci  (Wintgens 2012).
Tato odrtida je vSak vysoce
vynosna a plody drzi dobie
na vétvich, coz je vyhodné
Vv oblastech se silnymi vétry
a desti. ‘Catuai‘ vyzaduje
dostatek hnojeni a péce
(CRI1 2015).
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4.3 Agrolesnictvi

Agrolesnictvi jsou systémy a technologie vyuziti pudy, ve kterych je péstovani dievin
spojeno s péstovanim zemédéElskych plodin nebo chovem zemédélskych zvitat v uréitém
prostorovém a (nebo) casovém uspotadani (Gallusser 2007). Agrolesnictvi je novym
pojmenovanim starych praktik, protoze péstovani stromli a zemédé€lskych plodin je
zpusob obhospodarovani pidy diive vyuzivany po celém svéte (Nair 1993). Prvni zminka
o zalozeni agrolesnického systému (pomineme-li tradicni systémy spojujici stromy a
zemé&délské plodiny, které se péstovaly po celém svéte) pochazi z konce 19. stoleti, kdy
byl na Barmé praktikovan systém ,,taungya“. Systém byl zalozen na vyuziti bezzemka a
nezaméstnanych lidi k vysazeni plantaze teky obrovské (Tectona grandis L. f.), pficemz
tito lidé mohli mezi fadky teky péstovat svoje zeméd¢€lské plodiny. Diky zavedeni tohoto
systému na vice mistech svéta se zacalo s vyzkumem agrolesnickych systému. V 70.
letech 20. stoleti bylo pfijato agrolesnictvi jako systém obhospodafovani pudy, ktery je
vyuzitelny jak v zemédé&lstvi, tak iV lesnictvi (Nair 1993). FAO v této dobé uznava
dulezitost lesnictvi pro rozvoj venkova. V roce 1977 byla ustanovena Mezinarodni rada
pro vyzkum v agrolesnictvi (International Council for Researche in Agroforestry —
ICRAF), ¢imz byly agrolesnické praktiky poprvé oficialné uznany (Nair 1993). ICRAF
vystupuje v souc¢asné dobé pod nazvem World Agroforestry Centre a poskytuje znalosti
védeckého zakladu o agrolesnictvi. Zaroven se snazi o implementaci téchto poznatki do
politiky a o propagovani postupt zlepSujicich Zivotni podminky obyvatel i Zivotni
prostiedi (Anonym). V soucasné dobé je agrolesnictvi brano jako systém vyuziti pady,
ktery umoziiuje soucasnou produkci dfeva i potravy a zarovenl ochranu a obnovu
ekosystému (Nair 1993). Je tfeba si uvédomit, Ze pfirozené lesy tropickych oblasti
predstavuji uzaviené systémy kolob&hu Zivin vykazujici pouze malé ztraty. Naproti tomu
vétSina zemédelskych systémll se vyznacCuje otevienymi kolob&hy zivin s velkymi
ztratami. Agrolesnické systémy lezi nékde uprostied mezi zminénymi dvéma extrémy
(Nair et al. 1995). Agrolesnické systémy nalezneme jak v tropické a subtropické, tak

Vv temperatni zon¢ (Nair 1993).
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Obr. 12: Prostorové usporadani stinicich dfevin v agrolesnickych
systémech (Nair 1993).

Klasifikace agrolesnictvi dle Naira (1993)

Vzhledem k velmi Siroké definici agrolesnictvi se do tohoto pojmu vejde mnoho riznych
typlt obhospodafovani plidy na celém svété a zejména V tropech. Pro porozuméni a
ohodnoceni agrolesnickych systémi byla vyvinuta klasifikace na zédklad€ nasledujicich
kritérii:

1. Struktura
Na zékladé€ struktury porostu mizeme vylisit dva typy klasifikace:
a) Dle povahy jednotlivych slozek

e Agrisilviculture = zemé&délsko-lesnicky systém

Zemé&délské plodiny + stromy nebo kete

e Silvopastoral = pastevné-lesnicky systém

Pastva hospodarskych zvifat + stromy

e Agrosilvopastoral = zemé&dé&lsko-lesnicko-pastevni systém

Zemédelské plodiny, pastva hospodarskych zvitat a stromy
e Dalsi
V¢elafstvi spolecné s péstovanim stromd, rybnikarstvi spojené
s péstovanim stromii apod.
b) Dle usporadani jednotlivych slozek
e V prostoru: smiSené husté (homegardens), smisené tidké

(vetSina pastvin se stromy), pruhové (pficemz v Sifce pruhu musi
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byt vice nez jeden strom), hrani¢ni (stromy na hranicich
pozemku, zivé ploty apod.) (obr. 12).
e V ¢ase: coincident, concomitant, intermittent, interpolated,
overlapping, separate (vysvétleno na obr.13).
2. Funkce
a) Produkcni
e Jidlo, krmivo, palivové dfivi, dalsi dfevo, dalsi produkty
b) Ochranna
e V¢étrolamy, ochrana pudy, udrzeni vlhkosti, zlepSeni vlastnosti
pudy, zastin
3. Socioekonomicka kritéria
a) Dle naro¢nosti technologii
e Nizké vstupy, stiedni vstupy, vysoké vstupy
b) Dle vztahu naklady/vynosy
e Komercni, prechodny, pro obzivu
4. Ekologicka kritéria
e Nizinné tropické lesy
e Horské tropické lesy
¢ Nizinné subtropy

e Horské subtropy
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Kavovnik pod stinicimi

Coincident dfevinami, pastviny se

stromy
Concomitant Taungya
Intermittent Jednoleté plodiny pod

kokosovnikem, sezonni
pastva dobytka pod stromy

Interpolated
P Homegardens

Overpapping

Cerny pept, kaucukovnik

Zlepseni thorovych plodin
V koCovném zemédelsti

Separate e

Obr. 13: Usporadani jednotlivych slozek agrolesnickych systémi v ¢ase (----- stromy/kefe, .....
nedievni slozka systému). Méritko ¢asu miZe byt rozdilné pro jednotlivé kombinace. Prevzato
z publikace Naira (1985).

Hlavni charakteristikou agrolesnickych systémi je schopnost diversifikovat produkci
daného izemi. Stromy zajist'uji mnoho funkci jako:

(1) Zdroj dteva, potravy, pice, otopu, organického materialu, 1é¢ivych
a kosmetickych latek, oleju a pryskyfic (Torres 2008).

(2) Agrolesnické plantaze mohou slouzit jako utocisté lesnich rostlin a zivocichd,
hlavné ptak a hmyzu (Perfecto et al. 1996; Moguel a Toledo 1999), v odlesnéné
krajing.

(3) Stinici dfeviny chrani mistni lesy diky tomu, Ze slouzi jako zdroj stavebniho dieva
a palivového dfivi mistnich obyvatel (Rice 2008).

(4) Vazani uhliku (Soto-Pinto 2010; Avila 2001; Schmith Harsh et al. 2012;
Noordwijt et al. 2002).

(5) Stromy hraji také vyznamnou roli ve stabilizaci mikroklimatu, ktera je pro mnohé
zemedélské plodiny v tropech velmi dulezita (Lin 2007; Siles 2010).

(6) Dalsi vyznamnou mimoprodukéni funkci agrolesnictvi je ochrana pudy, a to
zejména udrZeni jeji plodnosti a produktivity (Nair et al. 1999; Siebert 2002). Tato
schopnost je dilezitd zejména v tropech, kde jsou pudy vétSinou chudé a méné
produktivni (Nair 1993).

(7) Dieviny vazajici dusik jsou velmi vyhodné pro agrolesnictvi. Jedna se zejména o

dreviny rodu Fabaceae, napiiklad Inga spp. (Brack 1999; Rhoades et al. 1998).
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I kdyz je agrolesnicky zplsob péstovani zeméd€lskych plodin v mnohém vyhodny
a setrny K Zivotnimu prostiedi, nelze ho brat jako feseni vSech problému (Torres 2008).
Beer et al. (1998) upozoriiuji na konkurenci o ziviny mezi péstovanymi zemédélskymi

plodinami a stinicimi stromy, dulezité je poukazat také na kompetici o vodu.

40
30
20
0 Rustique
a
o
an
30
2 Polyculture
tradidionnelle
10 h
1]
15
10 Polyculture
. commerciale
4
o
10
Meonoculture
5 ombragée
o d
— Menoculture
5 en plein soleil
o e

Obr. 14: Ukazka dalsiho systému klasifikace agrolesnickych plantazi:
a) rustikalni systém, b) tradi¢ni polokulturni systém, c¢) komeréni
polokulturni systém, d) monokulturni zastin, e) monokultura bez
zastinu [5].
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MacDicken (1997) vyjmenovava nékteré odliSnosti agrolesnickych systémui oproti
monokulturnimu hospodareni:
— naro¢nost na pracovni silu
— rozptylenost v krajiné
— stromy jsou, oproti lesnim spoleCenstviim, vysazeny fidce, aby byl zajistén
dostate¢ny ptisun svétla pro kavovnik

— plantdze jsou Casto ve vlastnictvi drobnych zemédélci

4.3.1 Agrolesnicky a monokulturni zpiisob péstovani kavy

Kavovnik pochazi z Etiopie, kde rostl jako podrost mistnich lest, tedy v zastinu
(Wintgens 2012). AZ do 20. stoleti byly vysazovany pievazné vysoké variety kavovniku
s rozestupem 3 m, které byly péstovany Vv zéstinu s malymi nebo zddnymi protfezavkami
korun. Takovéto systémy nepotiebovaly témét Zadné vstupy formou hnojiv a do dnesnich
dni se zachovaly naptiklad v Mexiku, v oblasti zvané Chiapas. Obdobi po konci druhé
svétove valky piinasi velké zmény v péstovani kavovniku, které byly zplsobeny dvéma
faktory: lepSi dostupnosti chemickych prosttedkli pouzivanych v zemédélstvi a rychle
stoupajici poptavka po kavé, zapfi¢inénd rostoucimu poctem jejich konzumentt. Tyto
faktory ptipravily padu pro ,,intenzifikaci péstovani kavovniku (Wintgens 2012) a

pfechod na monokulturni nezastinéné plantaze.

Kava je v soucasné dobé¢ péstovana rozdilnymi zplsoby od silného zastinéni po plantaZe
bez zastinu (Siles et al. 2010). Kavovnik péstovany agrolesnickym zptisobem se vysazuje,
roste a obdélava pod ochranou korun stromu (obr. 15) (Greenberg a Rice 1999). Tradi¢ni
formou agrolesnictvi je vysadba kavovniku do podrostu tropického destného lesa, ve
kterém byla provedena profezdvka korun (Donald 2004). Dalsi €asto pouZzivanou
metodou je soucasné vysazeni stinicich dfevin s kdvovnikem na holou ptidu (po vypaleni

puvodniho porostu).

Diskuze o vlivu zéstinu na kavovnik nalezneme jiZ v prvnich publikacich o tomto druhu
(Lock 1888; Wintgens 2012) a i nadale je vliv zastinu na kavovnik nejednoznacny
(Avelino a Rivas 2013). [ kdyZ probiha mnoho diskuzi o vhodném mnozZstvi zastinu (Beer
et al. 1998), je stale velmi malo kvantitativné vyjadienych informaci podpofenych daty

z terénnich méfeni (Wintgens, 2012).
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Duivodi, proc péstovat kavu spolecné se stromy, tedy agrolesnickym zpiisobem, je mnoho
a fada z nich byla jiz vyjmenovéna v piedchozi kapitole. Jsou tu ale i specifické vyhody
agrolesnickych systému, které plati pro kavové plantaze:

(1) Ceny kavy se fidi vyvojem na svétovych tzich a jsou zna¢né nestabilni. Vynos
z plodd a dreva stinicich dievin muze péstitelim pomoci v obdobi, kdy jsou
vynosy z kavy nizké. Studie Rice (2008) odhaduje, Ze zisk z ptidruzené produkce
na agrolesnické kavové plantazi malych péstiteld (2-3 ha) tvoti 28 % celkovych
ziskd, pficemz piimo zisk z prodeje kavovych zrn je zbylych 72 %.

(2) V pripadé kavy, ktera se Casto péstuje na strmych svazich, stinici dfeviny
napomahaji ke snizeni eroze (Boyce et al. 1994).

(3) Kava vypéstovana v zastinu ma v&tsi kvalitu, nezli ta, ktera byla vypéstovana na
monokulturni plantazi. Jelikoz je kava oceniovana dle kvality, tento fakt se
promitne i Vcené prodavané zelené kavy (Greenberg a Rice 1999).
Muschler (2001) testoval na kavovych plantazich v Kostarice kvalitu plodt odrud
‘Caturra‘ a ‘Catimor* V rizném stupni zastinéni. B€hem tohoto vyzkumu zjistil,
ze zastin zlepSuje vzhled zelené i prazené kavy. Stejné tak kyselost a,télo*
testované kavy bylo Iépe hodnoceno u kavy vypéstované v zastinu. Zastin
zlepSuje nejen chutovou kvalitu, ale 1 vlastnosti kdvovych plodl. Stejny autor
zjistil, Ze kavova zrna byla t€z8i (o 11-14 % vyssi syrova vaha plodu) a vétsi na
zastinénych plochach oproti nezastinénym a protfezdvanym plochdm (profezavka
koruny).

(4) Dulezité je také snizeni vyskytu pleveld na zastinénych plantazich
(Goldberg a Kigel 1986).

(5) V posledni dobé je pozornost soustfedéna na globalni ptinos agrolesnického
péstovani kavy a to na zvySeni biodiverzity (Greenberg a Rice 1999), nebot
agrolesnicka kavova plantaz muze slouzit napiiklad jako utocisté pro tazné ptaky
(Wille 1994) nebo ptvodni druhy dievin. V Nikaragui bylo v tradi¢nich
agrolesnickych systémech péstovani kavy zaznamenano ptes 25 druht ptivodnich
druhti dfevin a v El Salvadoru dokonce 18 exotickych a 119 piivodnich druht
drevin (Donald 2004).

(6) Kavovnik je péstovan na rozsahlych plantazich v tropickych oblastech celého
svéta, a pokud je péstovan v agrolesnickém systému, stromy vazou CO2

a napomahaji v boji proti globalnimu oteplovéani. Agrolesnicky zptisob péstovani

25



plodin je tedy moznost, jak vazat jeden z plyn zpUsobujici zménu klimatu,
a napravit tak ¢astecné skody zplisobené odlesniovanim a zasahy do piirozenych

ekosystému (Torre 2008).

Na optimalnich stanovistich mize byt kava péstovana bez zéstinu (obr. 16), avSak
s vysokymi déavkami hnojiv (Beer et al. 1998). Péstovani kavy na otevienych
(monokulturnich) stanovistich se jevi jako vyhodnéjsi zejména z nasledujicich divodu:

(1) V zavislosti na piirodnich podminkach stanovisté, odstranénim zastinu
a zvySenim hnojeni, je mozné zvysit vynos kdvovniku o 10-30 %, kratkodobé¢
dokonce i vice (Wintgens 2012). Tento zaveér je vSak v rozporu se Soto-
Pinto (2002), ktera uvadi, ze nejvyssich vynosu lze dosahnout pii stfednim
zastinéni (50 % zastinu).

(2) Dalsim divodem je Casto také pfitomnost kavové rzi, ktera se zda byt Iépe
kontrolovatelna za pouziti chemikalii na oteviené plose (Donald 2004, Staver et
al. 2001; Matovu et al. 2013). S timto nazorem v$ak nesouhlasi néktefi autofi a to,
jestli je zastoupeni nemocnych rostlin vét$i na volné nebo zastinéné plose, neni

stale jasné (Eske 1982; Mariotto et al. 1974; Silva-Acuna 1994).

Obr. 15: Agrolesnicka kavova plantaz Obr. 16: Intenzivné péstovana kiva na pfimém slunci, Sa
v Nikaragui. Lagoa, Brazilie (Knase 2007).

V zavislosti s monokulturnim péstovanim si je tieba uvédomit i negativni faktory, které
jsou s nim spojené:

(1) Zvyseni nakladd na péstovani z divodu nutnosti nakupu hnojiv, pro uspokojeni

vy$§ich pozadavkl nezastinénych rostlin, a herbicidii pro kontrolu plevelt (Boyce

etal. 1994).
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(2) Skody zptsobené environmentalnimi problémy, zejména znedi§ténim pudy
a vody (Boyce et al. 1994).

(3) Zvyseni vodniho stresu nezastinénych rostlin kavovniku (Wintgens 2012).

I pfes zna¢né vyhody agrolesnictvi trend poslednich 20 let smétoval k monokulturnim
kavovym plantazim (Greenberg a Rice 1999). Odhaduje se, ze v 90. letech 20. stoleti
pteslo v Mexiku, Stfedni Americe, Kolumbii a Karibiku pfiblizné¢ 40% péstitelt
z agrolesnického péstovani kavy na monokulturni systémy (Rice a Ward 1996).
V soucasné dob¢ jsou tradicni agrolesnické kavové plantdze péstovany na chudych
stanovistich, kde je potfeba zajistit trvalou udrzitelnost produkce, dale tam, kde jsou
pestovany variety vyzadujici zastin a v neposledni fad¢€ také tam, kde péstitelé potiebuji
zisky ze stinicich dfevin (Donald, 2004). Na mnoha trodnych pudach je kavovnik
pestovan v intenzivnich agrolesnickych systémech, a to ve velkych blocich, kde je zastin
vyrazné regulovan a jsou zde pouzity hlavné bobovité stinici dieviny (napt. Inga spp.,
Gliricida spp., Arythrina spp.). Koruny téchto dievin jsou profezavany, aby bylo
dosazeno idealniho destnikovitého tvaru (Greenberg et al. 1997). Obr. 17 ukazuje
soucasny stav celosvétového zastoupeni kavovych plantazi péstovanych v agrolesnickém

a monokulturnim systému.
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Obr. 17: Podil (%) rozloZeni rozdilnych systémii péstovani kavy na svété v roce 2010 (FAO 2014).
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4.3.2 Stinici dfeviny v agrolesnictvi

Mnoho druhi difevin pouzivanych v agrolesnictvi je znamo i v tradi¢nich zemédé€lskych
a lesnickych systémech. Avsak tropické agrolesnické systémy zahrnuji casto i druhy
drevin, které¢ se v konven¢nim lesnictvi a zeméd¢lstvi nevyuzivaji. Pravé tyto ,,neznamé*

druhy ptedstavuji velky potencial pro agrolesnictvi. (Nair 1993).

V Latinské Americe nalezneme na vétSin€ agrolesnickych kavovych plantazi bobovité
druhy stromu jako Inga spp., Erythrina spp., Gliricidia spp., které poskytuji mul¢ a zastin.
Tyto stromy jsou Casto profezavany (az tfikrat do roka), aby byl snizen vyskyt
onemocnéni kavovniku a stimulovalo se kveteni a dozravani plodi kavovniku.
V zavislosti na intenzité profezavky kolisd mnozstvi zastinu od nezastinénych ploch
aploch svelmi malym zastinem do 30% az po plochy zastinéné ze 70 %

(Wintgens 2012).

Termin agrolesnické dieviny vétSinou odkazuje K vicetcelovym dievinam. Dulezité
skupiny dievin, které miizeme v agrolesnictvi vyc¢lenit, jsou: ovocné stromy, dfeviny pro
palivové diivi a krmné dieviny (Nair 1993).

Krmné dreviny

Rada tropickych stromi a ket je znamych jako krmné. Tyto dieviny jsou velmi daleZité,
nebot’ poskytuji potravu domacim zvifatim i v obdobi sucha, kdy je nedostatek travin
nebo kdyz jsou extrémné malo vyzivné. V posledni dobé jsou tyto dieviny ve stiedu
zajml kvili moZnosti zlepSeni silvopastoralnich systémi, pticemz je diraz kladen na
dreviny vazajici dusik (Nair 1993).

Dreviny pro palivové drivi

Pod pojmem dieviny pro palivové diivi se rozumi dieviny, které jsou péstovany za
ucelem poskytnout palivové diivi pro vareni, topeni a nékdy sviceni (Nair 1988).
Mezinarodni experimentalni panel Board on Science and Technology for International
Developement identifikoval 1200 rostlinnych druhii jako palivové druhy a z nich
700 druhti vy¢lenil jako cenngjsi nez zbylé (Nair 1993).

Ovocné dieviny

Nair (1984) oznacil ovocné stromy za jednu z nejvice nadéjnych skupin stinicich dievin
Vv agrolesnictvi. Ovocné stromy jsou vyuzivany jako stinici dfeviny v mnoha
agrolesnickych systémech a v zahradach (homegardens) v rozvojovych zemich. Ovoce

z téchto stroml je Casto extrémné dilezité ve vyzive a nékdy 1 obZivé mistnich obyvatel
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(prodej ovoce na mistnim trhu). Vyzkum ve smiSeném agrolesnickém systému v Brazilii
ukdzal, ze se v ném péstovalo 32 druht ovocnych dievin, z nichz vét§ina byly mistni

druhy prakticky nezndmé mimo region (Subler a Uhl 1990).

Nair (1993) doporucuje pro kavovnik nasledujici stinici dieviny: Bertholletia excelsa
Humb et. Bonpl., Albizia saman F. Muell, Bactris gasipaes H.B.K., Cordia alliodora

Chahm., Inga vera Willd. Spp. vera, Mimosa scabrella Benth., Paullinia cupana L.

Na studovanych plantdzich dominovaly stinici dfeviny ndlezejici do nésledujicich tii

rodu:

Inga spp.

Rod Inga spp. patii do Celedi Fabaceae a
nalezneme jej v celé tropické ¢asti Latinské
Ameriky v poctu vice nez 100 druht
(Weber et al. 1997). Pouziti druhd rodu
Inga jako stinicich dfevin v agrolesnictvi
(hlavné pro kavové a kakaové plantaze) ma
dlouhou historii a v souc¢asné dob¢ jsou tyto
druhy nejobliben¢j$imi stinicimi dfevinami
v zemich neotropické oblasti (obr. 18)
(Escalante et al. 1987; Lemckert
a Campos 1981; Williams 1981). Druhy

rodu Inga fixuji dusik pomoci bakterii ve

svych kotfenech. Dle nékterych studii jsou /
porosty s Inga spp. schopny navazat vice  Obr. 18 Dreviny rodu Inga na plantazi ve
nez 50 kg N harok. Zaroveii produkuji Fénix.
dostatek opadu, ktery obohacuje puidu 0 organicky material (Brack 1999).

Na schopnost dievin rodu Inga zlepSovat pudni vlastnosti poukazuje také Rhoades et al.
(1998), ktery svym vyzkumem dokazuje, ze pidni NO3 je ctyfikrat vyssi v pidé
zastinéné druhy Inga nez v piidé na pastving bez zastinu. Zaroven i nitrifikace je ¢tyfikrat
vy$8i v ¢asti zastinéné témito dfevinami. Inga spp. zvySuje obsah uhliku a dusiku

V hornich 50 mm pudy (Rhoades et al. 1998). Vysoce cenén je druh Inga edulis
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(Villachica 1996), ktery vyuzivaji farmati v Peru jako stinici dfevinu, ale slouzi také jako
palivové dfivi a pro produkei jedlych ploda (Lojka et al. 2005). Inga edulis dobfe snasi
kyselé pudy (Szott et al. 1991) a navic diky pomalé dekompozici listi muize byt tento
druh vyuzit v boji proti erozi (Nair 1993).

Pinus spp.

Rod Pinus (borovice) zahrnuje piiblizné 120 druhti stromi a keft vyskytujicich se na
vétSin€ uzemi severni polokoule od severni Skandinavie a Aljasky az po rovnikovou
Sumatru, pticemz chybéji v Africe kromé jeji nejsevernéjsi ¢asti (Burnie et al. 2003). Na
studovanych plantazich jsou péstovany dva druhy rodu Pinus: Pinus oocarpa Schiede a
Piuns tecunumanii Eguiluz et J. P. Perry. Pivodni rozsiteni Pinus oocarpa je od severni
¢asti Mexika po Nikaraguu v rozpéti nadmotskych vysek od 200 az 2 700 m n. m. Pinus
tecunumani pochazi z Belize, Hondurasu, Nikaragui a Mexika a je dobfe adaptovana na
podminky tropickych hor. Borovice se vysazuji jako stinici dfeviny zejména v temperatni
zoné. Ve spojenych statech je Casta pastva na borovicovych plantdzich (silvopastoralni
systém), piesné&ji pastva krav pod borovicemi v jihovychodni ¢asti USA a pastva ovei pod
Pseudotsuga menziesii Engelm. a Pinus ponderosa Douglas ex C. Lawson
v severovychodni ¢asti USA. Tyto systémy jsou ¢asto na vychodnim pobiezi USA
nazyvany "pine-and-pasture” nebo "cattle-under-pine” ajako hlavni dfevina je zde
vysazovana Pinus elliottii Engelm. a Pinus palustris Mill. (Nair 1993). Podobny
silvopastoralni systém je praktikovan také v zapadni Kanadé (Nair 1993) a v Australii
(Riha and Mcintyre 1999). V Indickych Himaldjich je péstovana v agrolesnickém
systému Pinus roxburghii Sarg. (Dadhwal et al. 1989). Informace o péstovani kavy

v zastinu dfevin rodu Pinus autorka v odbornych ¢lancich nenalezla.

Eucalyptus spp.

Rod blahoviénik (Eucalyptus spp.) z ¢eledi Myrtaceae zahrnuje vice nez 350 druhd, které
pochazeji z poloopadavych a suchych stalezelenych lestt a savan Australie a Malajsie.
Blahovicniky jsou péstovany nejen na monokulturnich plantazich a jako lesni dfeviny,
ale také v agrolesnickych systémech. Dale jsou blahovi¢niky pouzivany do zivych ploti
kolem poli s obilovinami v Indii a Pakistanu, a také jako hlavni dfevina vétrolami
(Nair 1993). Blahovi¢nik by v§ak nemél byt pouzivan ve vétrolamech samostatné, kvili

fidkému zavétveni spodnich ¢asti a jeho vysokym naroktim na vodu a Ziviny (Nair 1993).
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Shaller et al. (2003) ve své studii z Kostariky zjistili, ze Eucalypthus deglupta je
vyhovujici stinici dfevinou pro kavové plantaze na mistech s vysokym mnozstvim srazek
a dostupnymi zivinami v pud¢, kde diky vysoké konkurenceschopnosti kofenového
systému kavovniku nedochazi k negativnimu vlivu blahovi¢niku na kdvovnik. Tento
mechanizmus ale nestai, aby na susSich mistech odvratil konkurenci mezi
blahovi¢nikem a kavovnikem. Problémem muze byt také alelopatické pusobeni
blahovi¢niku (Zhang a Fu 2009). Singh a Kohli (1992) studovali vliv Eucalyptus
tereticornis Sm. na rizné zemédélské plodiny (cizrna, pSenice, kvétak, jetel)
Vv agrolesnickém systému a zjistili, Ze jejich produkce se snizila na polovinu, pokud byly

péstovany pod touto stinici dievinou (blahovi¢nik byl vysazen v rozestupu 12 m).

4.3.3 Péstovani kavy v Peru

Kavové plantaze v Peru zaujimaji dle tidaje z roku 2012 rozlohu 405 850 ha (JNC 2013),
pfi¢emz vétSina se nachazi na svazich And mezi 900 a 1 800 m n. m. V Peru je kava
hlavni exportovanou zeméd¢lskou plodinou a tato zemé se fadi mezi nejveétsi svétoveé
vyvozce kavy (Méndez et al. 2015). Vyvoj mnozstvi vyprodukované kavy v Peru v letech
1990-2015 ilustruje obr. 19. Nejvice kavy se zpracovava v oblasti Selva Central
(Centralni prales) — v udoli Chanchamayo a v okoli mésta Villa Rica. Na tomto uzemi
prevladaji velikosti pozemkti 3540 hektard a pfiblizné polovina z nich se obd¢lava
intenzivni formou v zastinu dievin a to hlavné Inga spp. Naproti tomu v dalsi oblasti
zpracovani kavy — Valle del Apurimac. nalezneme spiSe malé plantaze (1-2 ha)
rozptylené mezi policky ostatnich zemédélskych plodin jako je kakao nebo koka a
mladym sekundarnim lesem. V ostatnich ¢astech Peru pifevladaji mali péstitelé kavy.
Naptiklad v Quillabamba je n¢kolik mensich producentt kavy, kteti maji svoje kavové
plantaze zastinéné hlavné druhy rodd Leucaena spp., Erythrina spp. a Mimosa spp.

spole¢né s dal§imi mistnimi druhy dfevin (Greenberg a Rice 1999).

Ze dtevin slouzicich jako stinici je dilezit¢ zminit vyznam rodu Inga, ktery je v Peru
hojné vyuZzivany pravé na kavovych plantazich (Rice 2008). Jsou to naptiklad druhy: Inga
adenophylla, I. edulis, 1. spectabilis. Mezi dalsi stinici dfeviny pouzivané na kavovych
plantazich v Peru patii: Amburrana spp., Baccharis spp., Cedrela spp., Croton spp.,
Erythrina spp., Ficus spp., Leucaena spp., Mimosa spp., Nectandra spp., Persea
americana, Trema spp. (Greenberg a Rice 1999). V poslednich letech se zac¢ina péstovat
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fada introdukovanych druhd (obr. 20), které jsou schopny zastinit kavu a zaroven
vyprodukovat dfevo vhodné pro zpracovani na pile. Trend nahrazovani tradi¢nich
bobovitych dievin za ty s lepsi produkci dfevni hmoty byl sledovan v celé Jizni a Stiedni
Americe (Galloway a Beer 1997). V Peru se pouzivaji zejména nasledujici introdukované
druhy: Pinus oocarpa Schiede ex Schltdl., Acrocarpus fraxinifolius Arn., Eucalyptus
saligna Sm., Eucalyptus grandis W. Hill ex Maiden, Pinus tecunumanii F.Schwerdtf.,
Nageia rospigliosii Pilger, Alnus acuminata Kunth, Cordia alliodora (Ruiz &

Pav.) Oken, Cedrela spp., Juglans neotropica Diels.
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Obr. 19: Celkova produkce kavy v Peru a okolnich statech od roka 1990/91 do 2014/15 v tisicich 60
kg pytli. Grafy vytvoieny z dat z (ICO 2015).

Skutecnost, Ze agrolesnické systémy mohou poskytnout Gtoc¢isté¢ n€kterym organismim
z mizejiciho puvodniho tropického lesa, je velmi dilezitd vzhledem k rychle
postupujicimu odlesnovani Amazonské niZziny. Mezi roky 1985 az 1990 byl v Peru
sledovan tubytek lesnich ekosystémii na plose 1879 km? (Stephen 2005)
(tzn. 376 km? rok™). Olivera et al. (2007) sledovali odlesiiovani v Peruanské Amazonii

mezi roky 1999 az 2005 a uvadi rychlost odlesiiovani mezi 632 a 645 km? za jeden rok.

Ceny kavy na sv€tovych trzich jsou zna¢né nestalé (1CO 2014), coz zpisobuje socio-
ekonomické problémy mnohym lokalnim péstiteliim (Daviron a Ponte 2005; ICO 2003).
Ptiblizn¢ 63 % peruanskych kdvovych plantazi je vlastnéno malymi vlastniky od 2 do
3 ha, ktefi byvaji nejvice ovlivnéni nestabilitou cen kavy. Hlavni faktory, které zptisobily
dramatické zmény cen kavy v poslednich letech, byly: mrazové teploty v Brazilii

V oblastech péstovani kavy vroce 1994, Kklesajici zasoby kavy vroce 1997
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(Wintgens 2012) a stoupajici mnozstvi kavy na trhu v roce 2012. Je nutné zminit také
souvislost mezi stoupajicimi cenami kavy a odlesnénim (O'Brien a Kinnaird 2003), kdy
je v obdobi vysokych cen kavy Casto kacen puvodni destny les z divodu zakladani
novych kavovych plantazi. Bylo dokazano, ze v Mexiku stoupajici ceny kavy v letech
1970 a 1980 vedly k nartstu jak plochy, na které je kavovnik péstovan, tak vynosi na
plochu (Nestel 1995).

Jak bylo uvedeno diive, prodej dfeva z agrolesnickych plantazi muze slouzit jako dalsi
ptijem, ktery péstitelé kavy pouziji v obdobi nizkych vykupnich cen. Rice (2008) na
zaklad¢ dotaznikového Setfeni u malych péstiteld kavy v Peru zjistil, ze 28,5 + 1,87 %
z celkovych pifijmi kavovych plantaZi tvofi piijmy ze stinicich dfevin. V Guatemale se

pfijmy ze stinicich dfevin podili na 18,77 + 2,08 % z celkovych piijmi péstiteld.

Obr. 20: Kavova plantaz zastinéna Inga spp. a Pinus spp., Villa Rica, Peru.
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5 Metodika prace

5.1 Sir$i izemni vztahy
5.1.1 Peru

Peru se nachazi na jihoamerickém kontinentu mezi rovnikem a 18°20° jizni Sifky a 69° a
82° zapadni délky a md rozlohu 1 098 581 km?. Celé tizemi je rozdéleno na t¥i zemé&pisné
celky: Pacifické pobiezni pasmo (Costa), Andské pohoii (Sierra) a niZzina na vychodé
pokryta z velké casti pivodnimi deStnymi lesy (Selva). Nejvyssi horou Peru je Huascaran
(6 768 m) lezici v Cordillera Blanca. Pacifické pobtezni pasmo se tahne v délce 2 300 km
a tvoti jej prevazné pousté. Naopak na vychod¢ se za Andskym pohotim nachézi rozlehla
niZzina Amazonské panve s tropickym deStnym lesem. Severné od mésta Iquitos se stékaji
dva nejvétsi piitoky feky Amazonky — Rio Marafon a Rio Ucayalli (Waterkamp et al.
2005).

Andy vytvareji klimaticky pfedél mezi suchym pacifickym pobfeznim pasmem
a tropickou Amazonskou nizinou (viz obr. 21) (Waterkamp et al. 2005). Brack (2012)
vylisil nasledujicich 13 ekoregionti Peru (ze zipadu na vychod): 1. studené mote
Humboltova proudu; 2. tropické mote; 3. pacificka poust; 4. suchy rovnikovy les;
5. pacificky tropicky les; 6. Stepni vrchovina; 7. puna a vysokohorské Andy; 8. El paramo;
9. horsky destny les; 10. nizinny tropicky destny les a 11. palmové porosty

v departamentu Madre de Dios.
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Obr. 21: Reliéf Peru ve sméru vychod—zapad (Pearson a Beletsky 2008). Vysvétlivky: Costal desert
lowlands — pobiezni poustni nizZina, West slope vertiente — zapadni svahy, Highlands and puna —
vysokohorska ¢ast a puna, Eastern slope of Andesa — vychodni svahy And, Amazon lowlands —
Amazonska panev.
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5.1.2 Poloha studovanych plantazi

Stat Peru

Region Pasco

Provincie Oxapampa
Distrito Villa Rica
Ekoregion  horsky destny les

Provincie Oxapampa

Tato provincie je nejveétsi provincii z regionu Pasco a zabird uzemi mlzného i nizinného
destného lesa. Hlavnim zdrojem pfijmi je péstovani kavy, manioku, bananti a ananasu.
Vétsina osad se naléza kolem tek, které byly az do nedavné doby jedinymi ptistupovymi

cestami (Ponce et al. 2008).

Distrito Villa Rica
V distriktu Villa Rica nalezneme kopcovity terén s nadmoiskou vyskou od 750 m n. m.

do 2 068 m n. m. Dle FAO jsou zde pudy klasifikovany jako kambisoly.

V distriktu Villa Rica panuje klima vlastni tropickému horskému destnému lesu
s nékolikamé&si¢nim obdobim sucha. Priimérné srazky jsou 1 590 mm rok? a primérna
rocni teplota je 17,8 °C (Ponce et al. 2008). Primérna roc¢ni relativni vlhkost vzduchu ¢ini
89 %. Obdobi dest zacina obvykle v listopadu a trva do biezna, naopak obdobi sucha se
da o¢ekavat od cervence do srpna (Hamling a Salick 2003). Obdobi desti byva provazeno
pudnimi sesuvy a zaplavami (Casté je wusazeni velkych naplavenin nesenych
z odlesnénych kopct). Existuji zde mista, kterd jsou téméf stale v mlZzném oparu. V lesich
presahuje vyska stromil 30 m a vétSina z nich je husté pokryta epifyty. NejdilezitéjSimi
fekami jsou Pichis, Palcazu a Entaz. Do jmenovanych fek Gisti mnoho menSich potoki a
ficek (Ponce et al. 2008). Hlavni ekonomickou aktivitou v distriktu je zemé&délstvi,
zejména péstovani kavy. Jeho krajina se d4 charakterizovat jako mozaika agrolesnickych

kavovych plantazi a pastvin. Distrikt Villa Rica je, co se tyce produkce kavy, jednim

vvvvvv
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5.1.3 Studované¢ plantaze

Celkem byly studovany 4 kavové plantaze péstované agrolesnickym zptsobem (tab. 2).
Samotny vyzkum zapocal v fijnu roku 2010 na plantazi Ave Fénix. V roce 2011 byl
vyzkum rozsifen o dvé plantaze, a to Santa Rosa a Gabriela. Bohuzel v ¢ervnu roku 2013
byla, pii vyjezdu do Peru, plantdz Gabriela nalezena jiz bez kavovniku (majitelé se
rozhodli k pfechodu na samostatnou vysadbu dfevin). Z tohoto divodu byl vyzkum na
plantazi Carillo pferusen a nahrazen vyzkumem na plantazi La Torre, kde dominovala

stejna stinici dfevina jako na plantazi Gabriela.

Tab. 2. Poloha studovanych plantazi

Santa Carillo
Plantaz Ave Fénix 1  Ave Fénix 2 ) La Torre
Rosa (Gabriela)
Zkratka plantaze AF1 AF2 SR G T
X (UTM) 475784 475784 471531 471882 469052
Y (UTM) 8808864 8808864 8809929 8816212 8811679
Plocha (ha) 7,4 1,0 4,0 1,0 0,85
Nadmoftska vyska
1550 1550 1540 1660 1530
(mn.m.)
Dominantni dievina  Inga spp. nehodnoceno  Pinusspp.  Eucalyptus spp.  Eucalyptus spp.
V¢k dievin 15 nehodnoceno 15 7 11

Ave Fénix

v

Ave Fénix je nejvétsi, nejclenitejsi a zaroven nejdéle studovanou plantdzi v ramci této
disertacni prace (obr. 22). Plantaz je vlastnéna rodinou Marin a pfed zaloZenim
agrolesnické kavové plantaze zde byly pastviny. Tato plantdz se nachazi ve vesnici Alto
Palomar, ktera lezi na hranici regionu Junin a Pasco, ale stale je pro ni spAdovym méstem
Villa Rica. PlantdZz Ave Fénix je certifikovana jako ,,Café organico®, takze prodava kavu
Vv bio kvalité. Je také ¢lenem ,,Cooperativa Alto Palomar®, coz je druzstvo péstitelll kavy
zapojené do certifikace Fair Trade. Na plantdzi Ave Fénix se péstuji tyto odridy

kavovniku: ‘Catimor‘, ‘Caturra‘ a ‘Pache°.

Dominantni stinici dfevinou je zde Inga spp. (Inga adenophylla Pittier, 1. densiflora
Bentham, I. edulis C. Marius, I. feuillei DC., I. velutina Willdenow), doplnéna dal§imi
druhy: Acrocarpus fraxinifolius Arn., Albizia sp., Aniba muca Mez, Boehmeria sp.,

Cabralea canjerana (Vell.) Mart., Calycophyllum sprucean (Benth.) K.Schum.,
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Cariniana decandra Casar, Cecropia sp., Cedrela odorata L., Ceiba pentandra
(L.) Gaertn., Cordia alliodora (Ruiz & Pav.) Oken, Croton draconoides Miill.Arg.,
Cupressus sp., Erythrina edulis Triana ex Micheli, Eucalyptus saligna Sm., Euphorbia
heterophylla L., Ficus sp., Guazuma ulmifolia Lam., Juglans neotropica Diels, Lantana
camara L., Miconia dipsacea Naudin, Miconia sp., Nectandra longifolia Nees, Ocotea
cernua Aubl., Ocotea sp., Persea americana Miller, Pinus radiata D.Don, Pinus
tecunumanii Eguiluz & J.P.Perry, Pouteria caimito Radlk., Prunus serotina Ehrh,
Rethrophylum rospigliosii Pilg. C.N.Page, Syzygium jambos L., Tabebuia secratifolia

(Vahl) Nichols., Virola sp. Mnoho z téchto druht je vyuzivano jako 1é¢ivé.

Na casti plantaze Ave Fénix
byly  vykdceny  stinici
dfeviny. Tato ¢ast plantaZe
byla ponechana bez zastinu
az do roku 2014. Z tohoto
divodu byla v métenich
vyClenéna a studovéna
zvlast jako nezastinéna
(Ave Fénix 2) ¢ast plantaze.

Zastinéna c¢ast plantaze je

nazyvana Ave Fénix 1.

Obr. 22: PlantaZ Ave Fénix zastinéna ¢ast. Na fotografii je majitel
plantiZe a jeho snacha.

Santa Rosa

PlantaZ Santa Rosa je druhou nejstar$i z métenych plantdzi a je vlastnéna pani Selenou
Contreras (obr. 23). Také na této plantazi byly pivodné pastviny a nasledné zde byla
vysazena kava spole¢né se stinicimi dievinami. Plantdz Santa Rosa neni v zadném
druZstvu péstiteld, ale prodava kavu piimo pod svoji znackou. Celd plantaz vlastnéna pani
Contreras ma rozlohu pfes 8 ha, ale v této praci byla méfena pouze Cast zastinéna
borovicemi (3,9 ha). Na plantazi Santa Rosa nalezneme nasledujici odridy kavovniku:
‘Catimor‘, ‘Caturra‘ a ‘Pache‘. Dominantnimi druhy dievin na této plantazi jsou druhy
rodu Pinus spp. (Pinus oocarpa, P. tecunumanii). Dalsimi nejvice zastoupenymi druhy
jsou: Acrocarpus fraxinifolius, Eucalyptus spp., Inga spp., Pinus spp. a Retrophyllum

rospigliosii.
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Obr. 23: Plantaz Santa Rosa.

Carrillo (Gabriela)

Plantdz Carillo (v ¢lanku Carbon Stocks in Agroforestry Coffee Plantations with
Different Shade Trees in Villa Rica, Peru nazyvéna Gabriela) je nejmensi a nejmladsi ze
studovanych plantazi (obr. 24). Ke studiu byla vybrana z toho dtivodu, Ze je jednou z mala
kavovych plantazi stinénych blahovi¢nikem v distritu Villa Rica. Péstovani kavy pod
blahovi¢niky bylo zahajeno teprve pied nedavnou dobou a mnoho péstitelli o této
moznosti teprve uvazuje nebo s blahoviéniky za¢ina. Na plantazi Carillo se péstuji tyto

odridy kavovniku: ‘Catimor‘ a ‘Caturra‘.

Eucalyptus spp. je
dominantni dfevinou na
plantazi Carillo a mezi dalsi
dreviny vyskytujici se zde
patfi: Acrocarpus
fraxinifolius, Inga spp.,
Pinus spp. a Retrophyllum

rospigliosii.

Nejproblematictéjsi . | .

dfevinou této plantaZe byl g By R a0 : ,. :
’ Y A ".,;-.; BRI *

druh ACI’OC&I’pus Obr. 24: Plantaz Carillo béhem méfeni se studenty MENDELU

fraxinifolius, u kterého byl v r0oce2013



terminal piiblizné v sedmém roce veéku napaden $kiidcem, odumfiel a nasledn¢ uhynul
také cely strom. Na plantazi se pii méteni vyskytovalo jiz jen n€kolik zivych exemplaia

tohoto druhu.

La Torre

Plantdz La Torre byla do vyzkumu zatfazena v roce 2012 z diivodu, Ze se na plantazi
Carillo zacaly objevovat indicie, ze dojde k jejimu zruSeni. Plantdz La Torre nese jméno
rodiny vlastnika, a jedna se o plantdz s dominanci blahovi¢niku ve véku blizkém obmyti
(obr. 25). Na plantazi La Torre se nachazi var. typica a nasledujici odrudy kavovniku:

‘Catimor*,‘Caturra‘,‘Pache®.

Jak bylo uvedeno, na plantazi La Torre dominuje Eucalyptus spp. a z dalSich druht se
zde vyskytuje: Schizolobium amazonicum Huber, Calycophyllum spruceanum (Ben.)
Hook F. a Swietenia macrophylla G.King. Tyto druhy jsou vSak vyrazn¢ mladsi nez

blahovicnik, ktery tvoii hlavni strukturu porostu.

Obr. 25: Plantaz La Torre.
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5.2 Sbér dat v terénu

Sbér dat v terénu probehl v nékolika opakovanich. Prvni sbér dat byl uskute¢nén v roce
2010 béhem autoréiny staze ve firm¢ MapGeosolution, ktera vyjezd vcetné vydaji
naméfeni financovala. V této dobé byly zaméfeny pozice vSechny stromi
(s DBH > 100 mm) a zaznamenany jejich atributy pomoci technologie Field Map. Pied
navratem do CR byla instalovana také ¢idla na méfeni mikroklimatu. Nasledujici rok byl
autorce pridélen grant IGA (29/2011), diky kterému mohla pokracovat v méfeni na
plantazich, a v této dob¢ byla méfena nemocnost kavovniku na plantazich Ave Fénix,
Santa Rosa a Carillo. Od roku 2012 probihal projekt POPRAR (CZ.1.07/2.2.00/28.0303),
ktery hradil cesty nejen autorky, ale také student a pracovniki MENDELU do Peru.
Diky tomuto projektu mohla mezi lety 2012 a 2014 prob&hnout dal§i méfeni v rdmci
studentskych praxi pod dohledem autorky. V roce 2014 byla na plantazich v ramci
studentské stize také pani Bc. Zuzana Septunova, kterd provedla méfeni pro svoji
diplomovou praci. Tato méfeni byla pouzita pro stanoveni alometrickych rovnic
vyuzitych v poslednim ¢lanku (Shade tree timber as a source of income diversification in

agroforestry coffee plantations).

Obr. 26: Autorka prace se studenty MENDELU, s majitelkou plantaZe Ave Fénix
a jejim synem po ukonceni odbéru pedologickych vzorki.
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7.1 Abstract

Agroforestry has become an important land use type in Central and South America. It is
important to study agroforestry systems because of their ability to sequester carbon. This
study investigates plantations that are located in the foothills of the Peruvian Andes, and
it evaluates the aboveground and soil carbon storage of agroforestry coffee plantations
with different dominant shading trees, including Inga spp., Pinus spp. (both 15 years old)
and Eucalyptus spp. (7 years old). These agroforestry systems were also compared to a
coffee plantation without shading trees. Biomass and carbon were estimated for trees and
coffee shrubs using allometric equations. Soil (within depth of 30 cm) and litter carbon
were estimated using field sampling and laboratory analyses. The total carbon stock for
the site dominated by Inga spp. was 119.9 + 19.5 Mg ha®, while for the sites dominated
by Pinus spp. it was 177.5 + 14.1 Mg ha* and for the site dominated by Eucalyptus spp.
it was 162.3 = 18.2 Mg ha. In the Sun coffee site the ecosystem carbon stock was
99.7 + 17.2 Mg ha'. Most carbon was fixed in the soil compartment (57-99 %), followed
by aboveground tree biomass (23-32 %), tree belowground biomass (8-9 %), coffee
shrubs (0.2-2 %) and litter (1 %).

7.2 Key words

Agroforestry systems, ecosystem carbon storage, biomass, soil, Coffea arabica, Peru
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7.3 Introduction

In the last few years, the importance of research on mitigation, i.e. reducing the sources
or enhancing the sinks of greenhouse gases, especially mitigation of CO», has been
increasing due to climate change effects. Unsuitable land use activities (mainly
deforestation) are the second major source of anthropogenic CO2 emissions (IPCC 2013),
and agroforestry systems seem to be an acceptable management of crop production, as

well as for CO2 mitigation through an increase in carbon stocks (Schroth et al. 2002).

In agroforestry systems, trees or shrubs are grown around or among crops or pastureland
(Nair 1993a), and the recognition of this system as a greenhouse gas—mitigation strategy
under the Kyoto Protocol has earned it the right to be part of the strategy for biological
carbon sequestration (Nair et al. 2009a). Research on carbon sequestration in different
types of land use provide information for the Reduced Emissions from Deforestation and
Forest Degradation (REDD) programs that would likely allow some countries to sell
carbon credits to interested buyers or received financial support from funds (The World
Bank 2011). Agroforestry systems help REDD by reducing pressure for further forest
conversion to agriculture (Noponen et al. 2013) and by serving as a source of fuel-wood
and construction material (Rice and Ward 2008). This system has special importance
because of its applicability in agricultural lands as well as in reforestation programs
(Ruark et al. 2003). Moreover, according to Smith et al. (2003), community-based
agroforestry carbon projects have the highest potential for local livelihood benefits and
pose less risk to communities than large-scale industrial plantations and strict forest

protection.

Many studies have investigated the effect of agroforestry systems on carbon storage.
Some of these studies have compared different types of pastures and crops and have
assessed the effect of tree shading (Soto-Pinto et al. 2010; Avila 2001). Schmitt-Harsh et
al. (2012) examined the carbon pools of smallholders of coffee plantations in agroforestry
systems and compared them with mixed dry forest systems in Guatemala. The results
showed that secondary forests store more carbon (199 Mg ha*) than coffee agroforestry
systems (128 Mg ha'). Similar results were found by Noordwijk et al. (2002) for
secondary forests and agroforestry coffee systems in Sumatra. However, in this study, the

difference in carbon storage was even larger (262 Mg ha! for secondary forests and
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82 Mg ha! for agroforestry coffee systems). Hergoulalc’h et al. (2012) compared the
greenhouse gas balance in two coffee plantations: a monoculture and a culture shaded by
Inga densiflora, and found that the aboveground carbon stocks in the coffee monoculture
and the agroforestry system amounted to 9.8 +0.4 Mgha! and 25.2 + 0.6 Mg ha™!,
respectively. In a study by Héger (2012) from Costa Rica, carbon stock in coffee

agroforestry farms was 93 + 29 Mg ha.

Soil plays a crucial role in carbon sequestration. Among many different types of land use
focused on agronomical production, agroforestry systems can be considered as systems
with high effectiveness of soil carbon storage, as well as with low vulnerability, compared
with other types of intensive land management (Nair et al. 2009b). Despite continuous
crop exploitation, agroforestry production conserves the soil environment due to more
closed nutrients and water turnover via tree cover producing litter and shading the soil
surface, as well as sustaining the less-eroded soil body. Moreover, in some studies, soil
organic matter was found to have increased over 10 years by 16-42 Mg ha in the 0—
45 cm layer (Beer et al. 1998), which is about 8-21 Mg C ha, depending on the planted
shading species and commaodities. On the other hand, soil organic matter dynamics are
driven by many factors, in general by climate, soil type and land use management, which
determine the physical, chemical and biological controls of soil carbon sequestration and

turnover (Feller and Beare 1997).

Coffee (Coffea spp.) is very important cash crop cultivated in an area of slightly more
than 100,000 km? (Lewin et al. 2004; Leff et al. 2004). It is traditionally grown under the
shade of trees, forming typical agroforestry systems (Wintgens 2004). Shade trees
provide numerous benefits; there is an added value of wood production, which can be
expressed either in terms of woody biomass or carbon fixation (Batjes and Sombroek
1997; Hergoulac'h et al. 2012; Héger 2012), and these plantations may also act as
a critical refuge for forest biota, including birds, insects, mammals and reptiles (Perfecto
et al. 1996; Moguel and Toledo 1999).

In Peru, the conversion of forests and grasslands to agricultural purposes is the main
source of GHG emissions (MINAM 2010). According to Stephen (2005), 1,879 km? of
forests were lost annually between 1985 and 1990 in Peru. Oliveira (2007) reported that
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between 1999 and 2005, disturbance and deforestation rates throughout the Peruvian
Amazon were between 632 and 645 km? per year. According to Meza (2006), about 80 %
of the deforested area was left unmanaged, while the rest was used for agricultural
production in Peru in 2002. This indicates a potential for agroforestry system expansion
in this country.

The local leguminous species of the genus Inga are often used as the principal shade trees
in Peru (Rice and Ward 2008). Inga species fix N and also produce a great deal of litter,
which enriches the soil with organic material (Brack 1999; Rhoades 1998). For this reason
they are the ideal shade trees for coffee plantations. However, an increasing number of
Peruvian coffee farmers have changed the species composition of their plantations in
recent years, replacing traditional legume shade trees with native or exotic timber species.
This trend has been previously observed for all of Central America (Galloway and Beer
1997). In Peru, the most common introduced tree species used for shading in coffee
plantations are Pinus spp., Eucalyptus spp. and Acrocarpus fraxinifolius. Until now, only
a few studies have investigated the impact of the aforementioned introduced tree species
on coffee plantations. Shaller et al. (2003), in his study from Costa Rica, found that
Eucalypthus deglupta is a suitable shade tree for coffee on sites with high precipitation.
With regard to studies dealing with Pinus spp. as agroforestry system species, there are
only papers about outplantings of pines on pasturelands (Yeates et al. 2000; Sequeira and
Gholz 1991).

On optimal sites, coffee can also be grown without shade (Campanha et al. 2004) but
using high agrochemical inputs (Beer et al. 1998). It is estimated that in Mexico,
Colombia, Central America and the Caribbean, approximately 40 % of agroforestry
coffee plantations were converted to sun coffee in the 1990s (Rice and Ward 1996).
Monoculture coffee plantations could be a threat to tropical rainforests because of land
degradation and poor land management (Fernandez 2001). The quantity of shade
influences the coffee yield: according to Soto Pinto et al. (2000) shade tree cover had
a positive effect in a range between 23 and 38 % shade cover while Muschler (1997)
found the best yields at 40 % shade cover. Between 38 % and 48 % shade, yield is
maintained and it decreases with a shade cover greater than 50 % (Soto Pinto 2000).
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It is important to assess carbon stocks provided by agroforestry ecosystems under
different shade trees as an additional ecosystem service. The goal of this study was to
compare the ecosystem carbon storage ability of agroforestry coffee plantations with
different shade trees and without shading, in both aboveground and belowground carbon
pools. The results of this study may contribute to the preservation and planting of shade
trees for the benefit of carbon sequestration. Evaluating the carbon storage capacity of
coffee agroforestry systems with different shade tree species will contribute to a better
understanding of the role that these ecosystems can play in REDD+ programs because,
as mentioned by Schmitt-Harsh et al. (2012), quantifying and understanding carbon
budgets of shade-grown coffee systems is needed for the development of sound climate

change mitigation strategies.

7.4 Materials and Methods
7.4.1 Study area description

This study was conducted in the Villa Rica district, in the Pasco region of Peru (Fig. 1).
The average annual rainfall in this tropical humid mountain forest zone is 1,590 mm, and
the average annual temperature is 17.8 °C (Ponce et al. 2008). The rainy season lasts from
November to May, while a dry season occurs during July and August (Hamling and Salick
2003). According to the FAO (Food and Agriculture Organization), soils in this region
are classified as dystric Cambisols (Egg 2012; Michéli et al. 2006) of low structural
stability. The main economic activity in the district is agriculture, mostly from coffee
production. Villa Rica is one of the most important districts for coffee production and
export in Peru; its landscape is characterised by shaded coffee plantations with some cattle

farming.

The following agroforestry coffee plantations were selected for study: Ave Fénix, which
was divided into two parts: a first part shaded by Inga spp. (further termed as Inga site)
and a non-shaded part (Sun coffee site); Santa Rosa shaded by Pinus spp. (Pinus site) and
Gabriela shaded by Eucalyptus spp. (Eucalyptus site). In the past, these sites were used
as pastureland. Currently, they are maintained as typical agroforestry systems (except the
Sun coffee site) with Coffea arabica as the principal crop, with sparse stands of shading

trees.
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The coffee plantation Ave Fénix is located in Alto Palomar, near the town of Villa Rica
(Tab. 1; Fig. 1). The Inga site forms one part of this plantation shaded predominantly by
Inga spp. It represents a typical shaded coffee plantation in this region as regards
management and tree species composition. The other part of the Ave Fénix plantation,
where shade trees were absent, is the Sun coffee site serving as a reference coffee
plantation without shading. The field has rough-broken topography with an average slope
angle of 18.2°. The upper 30 cm of soil at the Inga and Sun coffee sites has its texture
classified as loam (Inga site: clay 25.4 %, silt 33.6 %; Sun coffee site: clay 24.4 %, silt
31.3 %, respectively), with extremely acidic soil reaction (pH/KCI 4.0 and 3.7,
respectively), and a high amount of organic carbon (Tab. 5). In the Ave Fénix plantation,

we identified the following coffee varieties: Typica, ‘Catimor*, ‘Caturra‘ and ‘Catuai‘.

The Santa Rosa plantation (Pinus site) is located in Oconal, 4 km south of the town of
VillaRica (Tab. 1; Fig. 1). The average slope angle is 16.4°. In the first 30 cm, soil texture
is classified as loam (clay 15.0 %; silt 37.0 %), soil reaction is extremely acidic (pH/KCI
4.1), and the amount of organic carbon is very high (Tab. 5). The Santa Rosa plantation
was chosen because of the Pinus spp. dominance. It is the first generation of coffee shaded
by Pinus spp. after a change from pastureland and is also one of the first coffee
agroforestry plantations shaded by Pinus spp. in the region. The following coffee varieties

were found: Typica, Catimor and ‘Caturra‘.

The plantation Gabriela (Eucalyptus site) is located 4 km north of the town of Villa Rica
(Tab. 1; Fig. 1). The Gabriela plantation is the smallest, and Eucalyptus spp. are the
dominant shade tree species there. This is the first generation of coffee shaded by
Eucalyptus spp. after conversion from pastureland, and it is also one of the first coffee
plantations shaded by Eucalyptus spp. in the region. The site is more homogenous with
an average slope angle of 18.5°. The soil by its texture is classified as loam (clay 19.0 %j;
silt 33.3 %), with strongly acidic soil reaction (pH/KCI 4.4), and a high amount of organic
carbon (Tab. 5). The following coffee varieties were present: Typica, ‘Catimor® and

‘Caturra‘.

All plantations are certified as organic with similar management and inputs. In the past,

the selective thinning of shade trees and coffee shrubs has been used on all plantations.
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Currently, the shade trees are planted at the same time as coffee shrubs, and after 15-20
years, they are removed and replaced by new ones. Coffee is pruned regularly in
systematic way (one line of coffee shrubs is pruned every year) at a height of 0.3-0.5 m,
and all farmers left the organic material from pruning on their farm to decompose.
Management is relatively simple and applied identically across all coffee plantations at

each location.

The actual climate at the studied sites is documented by the vapour pressure deficit (VPD)
measured at the Inga and Sun coffee sites during 2011 and 2012. The mean monthly
values reach approximately 500 Pa during the dry season, while the VPD is markedly
lower during the rainy season. This trend is identical for shaded and open locations, but
the VPD in tree shading locations (in this case, in an area dominated by Inga spp.) is
generally lower compared to open space coffee plantations.

VILLA RICA DISTRICT

Gabriela
®

Ave Fénix

Fig. 1 Location of studied plantations
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Tab. 1 Selected plantations, their location, area, mean altitude, dominant tree species and age. (UTM
- Universal Transverse Mercator, m.a.s.l. — meters above sea level, dominant tree species and age
(n.a. — not applicable).

X Y Area Altitude Dominant Stand age
Plantation Site )
utmMm) (UTM) (ha) (m.as.l) tree species (years)
Ave Fénix 1 Inga 475784 8808864 7.37 1550 Inga spp. 15
Ave Fénix 2 Sun coffee 475784 8808864 0.98 1550 (n.a.) (n.a.)
Santa Rosa Pinus 471531 8809929 3.98 1540 Pinus spp. 15
Gabriela Eucalyptus 471882 8816212 0.96 1660 Eucalyptus spp. 7

7.4.2 Tree measurement, biomass and carbon stock estimation

Field measurements were conducted in 2011 and 2012. Diameters at breast height (DBH;
measured at 1.3 m) of all tree species > 10 cm were measured at each study site. In total
1,368 trees were measured in the Inga site, 492 in the Pinus site and 511 in the Eucalyptus
site. Tree heights were measured by Impulse Forest Pro for almost all trees in the study
plots. The missing tree heights for the remaining trees, representing 3.7 % of the entire
dataset, were estimated based on the approximated height model according to Eq. 1,
H=1.3 + p1* exp(-p2/ DBH) Eqg. 1

where DBH is the diameter at breast height and p: and p2 are the parameters that were
fitted. This exponential model (Ratkowsky 1990) was parameterised for each tree species

individually.

The dry aboveground biomass of shade trees was estimated using available allometric
models applicable for the species present at the studied plantations. In the case of Inga
spp., Pinus spp. and Eucalyptus spp., the corresponding specific allometric models were
used. For all other trees, the generic allometric model developed by Chave et al. (2005)
for moist forest stands was used (Tab. 2), as it was found to be best suited for our study.
For this model, the values of tree density from different sources were employed (Nogueira
et al. 2005; Barker et al. 2004; Brown 1997; Silva et al. 1994). If a species was included
in different databases, then the lowest published wood density was applied. Adjusted
values for tree aboveground biomass means and confidence intervals for each plot were
obtained by a bootstrapping procedure, using SYSTAT 13.1 statistical software
(SYSTAT Software. Inc. USA). The belowground tree biomass component was estimated
using the regression equations for predicting root biomass density used by Cairns et al.
(1997) (Eq. 2),
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Y (Mg hal) = exp [ - 1.0850 + 0.9256 * (In ABD)] Eq. 2

where ABD is the aboveground biomass density.

For calculations with errors the method of standard deviation was used (Eq. 3),

z=x+4+y - Az = /(Ax)? + (Ay)? Eq. 3

where x and y are measured quantities and Ax and Ay their uncertainties.

The quantity of carbon was measured as 50 % of the estimated biomass (IPCC 2003;
Roy et al. 2001).
Tab. 2 Allometric models used for above-ground biomass calculation for individual tree species. The

abbreviations used are as follows: y — aboveground biomass (kg/tree), DBH — diameter at breast
height (cm), H — tree height (m), p — wood density (g/cm3), and AGE — tree/plantation age (years).

Species group Allometric model References
Inga spp. Log,oy = —0.889 + 2.317 * Log,o DBH Segura et al (2006) =
Pinus spp. y = 0.1229 = (DBH)*396* Navar (2009)

Saint-André et al

Eucalyptus spp.  y = 2.08 + (150.9 + 0.28AGE) (DBH?H)(0-87+0.00124GE) (2005)

Other trees y = 0.0776 x (pDBH?H)%%* Chave et al (2005)

® Segura et al (2006) model for Inga punctata and I. tonduzzi tree species.

7.4.3 Coffee plant measurement and biomass and carbon stock estimation
Field measurements of coffee shrubs were conducted in 2011. In total, 64 rectangular
sample plots of 100 m? were established to monitor coffee plants. Plots were located
randomly in the systematic grid of squares, and the heights of all coffee shrubs were
measured. The dry aboveground biomass of coffee plants (BC) was estimated based on
the model developed in Segura et al. (2006). We used this equation (Eg. 4) because it was
applicable for coffee plants using plant height as the sole independent variable in the
logarithmic form
Logio(Bc) =— 0.779 + 2.338 * Logao(H) Eq. 4

where H is the height of coffee shrubs.

The carbon quantity was measured using the same formula used for trees, which was
50 % of the estimated biomass of coffee shrubs (IPCC 2003; Roy et al. 2001).
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7.4.4 Soil properties

Soil samples were collected from six rectangular plots in each site (24 in total) with
similar slopes (approximately 15°) which were selected from 64 coffee survey plots. In
each square plot, soil samples were collected from three randomly selected sample
locations. At each sample location, the soil samples were collected as (JNC 2013)
undisturbed soil samples (physical ring with volume 100 cm?), which were collected from
three soil pits in four sampling depths (0-3.5 cm; 3.5-12.5 cm; 12.5-21.5 cm; and 21.5—
30 cm), and (2) litter from a circle with a diameter of 0.336 m. Samples were weighed as
fresh, as well as oven-dried at 105°C. The bulk density was calculated using the following
formula (Eq. 6),

ra=Moa/ V (g/cmd) Eq. 6

where rq is the bulk density, moq is the weight of the oven-dried soil sample in g, and V is

the volume of the soil sample (100 cm?®).

Because the presumed prevailing form of carbon in the investigated soils was the carbon
present in soil organic matter (SOM), the carbon content was assessed as the oxidative
carbon (Cox) percentage (%), according to Walkley and Black (1934). Soil carbon in
Mg ha! (SC) was calculated using Eq. 7,

SC = rg*st*Cox (Mg ha®) Eq. 7

where rq is bulk density in g*cm?, s; is the depth of the sampling zone in cm and Cox is

oxidative carbon content in %.

SC was expressed (1) as the cumulative SC content (CSC) within the 30 cm depth to
obtain the total SC storage and (2) as the relative value of soil carbon content in 1 cm of
each sampling depth (relative soil carbon — RSC). To quantify litter amount, litter samples
were oven dried at 105 °C and weighed. The results were recalculated to Mg ha™. Soil
reaction was measured as pH/H20 and pH/1M KClI, both in a suspension soil sample:

extractant 1:1 (w:v), soil texture was assessed using a sedimentary method.
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7.5 Results

7.5.1 Dendrological and mensurational data

Some of the dominant species in the Inga site based on basal area (BA) were as follows:
Inga spp. (Inga adenophylla Pittier, I. densiflora Bentham, I. edulis C. Marius, . feuillei
DC., 1. velutina Willdenow), Pinus spp (Pinus oocarpa D. Don., P. tecunumanii (Schwd)
Equiluz & Perry), Retrophyllum rospigliosii (Pilger) C. Page (Tab. 3) and other trees that
were less represented, including Euphorbia heterophylla L. and Ficus spp. The Pinus site
was dominated by Pinus spp. (Pinus oocarpa, P. tecunumanii) and the most represented
tree species were Acrocarpus fraxinifolius Wt. & Arn., Eucalyptus spp., Inga spp., Pinus
spp. and Retrophyllum rospigliosii (Tab. 3). Eucalyptus spp. was the dominant tree
species at the Eucalyptus site; other tree species included Acrocarpus fraxinifolius, Inga
spp., Pinus spp. and Retrophyllum rospigliosii (Tab. 3). The hectare indices of counts and
the stand basal area of trees and coffee shrubs in the plantations are documented in Tab. 4.
As for tree density, it was highest at the Eucalyptus site and lowest at the Pinus site. The
Eucalyptus site also had the largest stand basal area. Inversely to above, the highest

density of coffee shrubs was present at the Inga site.

Tab. 3 Tree species composition based on count and stand basal area (BA) representation

Inga site Pinus site Eucalyptus site
Species Count (%) BA (%) Count (%) BA (%) Count (%) BA (%)
Inga spp. 63.8 45.9 2.6 1 5.1 2.4
Pinus spp. 7.2 7.8 67.5 61.9 24 0.5
Eucalyptus spp. 3.8 3.1 238 32.7 724 87.7
Retrophyllum rospigliosii 4.1 5.7 4.7 3.9 0.2 0
Acrocarpus fraxinifolius 9.8 2.8 0.6 0 18.8 8.4
Other 11.3 34.7 68.3 0.5 11 1

Tab. 4 Tree and coffee plant counts per hectare stand basal area and mean tree height

Inga site Pinus site Eucalyptus site
Trees per 1 ha — live (pcs) 176 124 472
Stand basal area — live (m? ha*) 12.9 16.6 18.5
Tree H (M) 13.7+24 222+ 4 20.8+ 3.8
Number of tree species per ha 4.1 1.8 5.2
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7.5.2 Biomass and carbon stock

The aboveground dry biomass of shade trees varied between 9.9 kg (Erythrina edulis
Triana ex Micheli) and 18,400 kg (Cariniana decandra Ducke) per tree (DBH > 10 cm).
The biomass of coffee plants was approximately two orders of magnitude smaller, with a
mean of 0.5 + 0.2 kg per coffee plant. The estimated total aboveground biomass was
60.6 £ 6.4 Mgha' for the Inga site, 124+9.4Mgha'! for the Pinus site,
107 + 6.2 Mg ha'! for the Eucalyptus site and approximately 1.9 + 0.2 Mg ha™* for the Sun

coffee site.

A comparison of the tree carbon stock in dominant tree species on the plantations studied
yielded approximately 115 + 51 kg/tree for Inga spp., 387 + 152 kg/tree for Pinus spp.
and 270 + 197 kg/tree for Eucalyptus spp. The distribution of carbon stocks for dominant

tree species by 10-cm diameter classes is shown in Fig 2.

Carbon stocks of trees (Mg ha'!)
35
th

AN

10 20 30 40 50 60 70 80 %0 100 110 120 130 140

Diameter class (cm)

Blnga WMPinus BEucalyptus O Other trees

Fig. 2 Distribution of carbon stocks in 10-cm diameter classes for Inga spp., Pinus spp., Eucalyptus
spp. and other tree species.

As expected, the relative soil carbon (RSC) values are the highest in all cases in the upper
layers of soil and decrease with depth (see Tab. 5 and Fig. 3). Variability is relatively
large at the surface layers of soil at the Inga, Pinus and Eucalyptus sites, where higher
heterogeneity due to more intensive interaction with external carbon sources can be
expected, which corresponds to variation in litter content (Tab. 7). The values of RSC, as
well as Cox and cumulative SC (Tab. 7), are highest at the Pinus site, which is mainly due

to a slower decrease in carbon content as depth increased. However, at the Sun coffee
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site, the carbon storage characteristics are not as low as expected due to the absence of
trees, but they are higher than at the Inga site. This may be caused by the young age of
the plantations (Hergoulac'h et al. 2012) because the effect of shading trees in the
agroforestry system is not yet evident on the level of the soil environment. For the
cumulative SC values (Fig. 4), polynomial equations were used (Tab. 6) to compare our

values with the results of other studies.

Tab. 5 Soil carbon stock at the investigated sites at different sampling depths. Used abbreviation are

as follows: Cox — oxidative carbon; CSC - cumulative soil carbon; RSC - relative soil carbon in 1 cm

of sampling depth; SD — standard deviation.
Sampling depth

CSC (Mg ha™) RSC (Mg ha’)

Site Cox (%) =1/2 SD
(cm) +1/2 SD +1/2 SD
3.5 4.44 +(0.87 19+£73 5.43+1.04
| 125 2.55+0.73 50+23.2 3.45+0.96
nga
g 21.5 1.69 £ 0.65 71.5+354 2.38 +0.82
30 0.89+0.25 82.6 £ 384 1.31£0.35
35 4.65+0.64 19.2+5.3 5.49+0.76
125 3.11+0.80 51.5+15.3 3.58+0.78
Sun coffee
21.5 244 +0.74 81.2+253 3.31+1.04
30 1.45+0.48 98.7+34.3 2.06+0.72
35 4.55+0.77 19.8+ 6.9 5.66+0.99
) 125 4.05+0.73 62.7+17.7 476 £0.82
Pinus
215 2.31+0.43 89.8+£24.2 3.01+0.56
30 1.02+0.21 101.8 £26.7 1.42+0.31
35 4,56 +£0.84 18+ 6.4 5.16+0.91
125 3.18+0.60 55.6+18.3 4.17+0.80
Eucalyptus
21.5 1.99+0.53 81.9+30.5 2.93+0.80
30 1.14 £ 0.31 96.6 + 35.8 1.72+0.46
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Fig. 3 Relative soil carbon content (RSC) at different sampling depths at the study sites. The values
are organised as the mean = % of the standard deviation (SD). The abbreviations used are as follows:
I — Inga site; S — Sun coffee site; P — Pinus site; E — Eucalyptus site.

Tab. 6 Polynomial equations for carbon content in the soil.

Inga site y = -0.0699%? + 4.7967x + 1.2791
Sun coffee site  y =-0.0507x? + 4.7799x + 1.1166
Pinus site y = -0.0923%? + 6.1722x - 0.2625

Eucalyptus site  y = -0.07x? + 5.3129x + 0.1355

A comparison of the total carbon stock in the different types of coffee plantations is shown
in Tab. 7 and in Fig. 5. The highest amount of carbon in tree biomass was fixed at the
Pinus site. The amount of carbon held in the coffee shrubs was also highest at the same
site. The amount of carbon held in tree biomass was smaller at the Eucalyptus site and
smallest in the Inga site. Although Inga spp. trees have large crowns, their stem diameter
and planting densities are low, which explains the lower values of carbon held in tree
biomass compared to other plantations with different tree species used for shading. The
carbon stock in coffee shrubs was about the same at the Inga and Eucalyptus sites. The

smallest amount of carbon held in coffee shrubs was observed in the Sun coffee site.
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Fig. 4 Curves of cumulative carbon storage (CSC) at the study sites used for expressing soil carbon
content within 30 cm of soil depth. The abbreviations used are as follows: | — Inga site; S — Sun
coffee site: P — Pinus site: E — Fucalvntus site.

The total carbon stock at the Inga site was 119.9 = 19.5 Mg ha™, of which 69 % was
located in the soil and 29 % was located in the trees. The Sun coffee site contained
99.7 + 17.2 Mg ha', which was mainly located in the soil (99 %), while litter and coffee
shrubs represented the remaining fraction, estimated at 1 % and 0.2 %, respectively. The
total carbon stock at the Pinus site was 177.5 = 14.1 Mg ha, where the majority of
carbon was fixed in the soil (57 %) and trees (40 %). The total carbon stock at the

Eucalyptus site was 162.3 + 18.2 Mg ha, which was mainly located in the soil (59 %)
and trees (39.5 %).

The Eucalyptus site fixed the most carbon per year into tree biomass (7.3 Mg ha per
year), while slightly less was fixed at the Pinus site (3.8 Mg ha™* per year); the lowest

amount of carbon was fixed at the Inga site (1.8 Mg ha* per year).
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Tab. 7 Total carbon stocks in studied coffee sites (Mg ha™?).

Coffee shrubs 1.6 +0.3 0.2+0.03 2.8+0.6 1.5+04
Trees (=10 cm DBH) 27.5+3.2 57.5+£4.5 51.2+3.1
Litter 1.2+0.2 0.7+0.1 1.7 £1.1 0.7+0.1
Aboveground pools 30.3+£3.2 1£0.1 62+4.7 53.5+3.1
Roots of trees 7+0.8 - 13.7+1.1 123+04
Soil (in depth 30 cm) 82.6+19.2 98.7+17.2 101.8+13.3 96.7+17.9
Belowground pools 89.6 +£19.2 98.7+17.2 1154+13.3 108.8+17.9
Total 119.9 £ 19.5 99.7 +£17.2 177.5+14.1 162.3 +18.2
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Fig. 5 Total carbon stocks (Mg ha™?) of coffee agroforestry plantations with different shade trees. The
abbreviations used are as follows: | — Inga site; S — Sun coffee site; P — Pinus site; E — Eucalyptus site.

7.6 Discussion

The disappearance of a large proportion of tropical forests at all latitudes could lead to an
increase in GHG emissions if sustainable management and conservation policies are not
employed (Dixon et al. 1995). In Peru, this problem is evident due to the fast rate of
deforestation (Stephen 2005, Oliveira et al. 2007), and it is obvious that agroforestry
systems are one of the possibilities that can mitigate GHG emissions from crop
production. Our study from the Peruvian Amazon finds that agroforestry systems are
important for carbon mitigation. As with other authors (Avila et al. 2001; Hergoulac’h et

al. 2012; Soto-Pinto et al. 2010; Dossa et al. 2008), our results demonstrate that carbon
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stocks are greater in agroforestry coffee plantations than in the coffee plantations without
shade. The difference in carbon stocks between agroforestry and sun plantations range
from 20.4 Mg ha* (the Sun coffee site compared with the Inga site) to 77.8 Mg ha* (the
Sun coffee site compared with the Pinus site). Other authors reported the following
differences between carbon stocks in agroforestry plantations and sun coffee plantations:
Hergoulac’h et al. (2012) found a difference of 15.4 Mg ha* (for coffee—Inga association)
and Dossa et al. (2008) 123.6 Mg ha™* (for coffee—Albizia association).

It is clear that agroforestry systems store more carbon than open space plantations, but it
is also important to identify the distribution of carbon in the ecosystem. In our study, the
amount of carbon in tree biomass (which ranges from 27.5 + 3.2 t0 57.5 + 4.5 Mg hal) is
greater than the amount published in other studies. In Hiager’s study (2012), shade tree
carbon storage in an organic agroforestry coffee plantation was 23.2 Mg ha* (shaded by
Dracaena fragrans and Yucca guatemalensis) and in the study of Hergoulc’h et al. (2012)
for an Inga shaded agroforestry system, it was only 13.9 Mg ha’. It should be noted that
the biomass estimates do not include error components. For example, only the standard
error associated with the allometric model of Chave et al. (2005) is 12.5 % and adding
sampling and measurement errors would further increase the total uncertainty bounds.

But this is inherent in all similar studies.

The carbon stock in coffee biomass by the same authors is 2.3 Mg ha (Higer 2012) and
9.1 Mg ha! (Hergoulac’h et al. 2012) with a coffee density of 6,045 plants ha™ and 4,722
plants ha, respectively. If we compare these data with our results, we see that only the
Pinus site has carbon stocks (2.8 Mg ha') comparable to the Higer (2012) study, and in
the rest of sites, our values are smaller. The coffee density in the Héger (2012) study is
comparable with the Inga site (6,830 plants ha') and that of the Hergoulalc’h (2012)
study with the Pinus site (4,840 plants ha?!), as seen in Tab. 4. The carbon stock in the
litter in studied sites (0.7-1.7 Mg ha!, Tab. 7) is smaller than in the studies of Higer
(2012) (4.8 Mg ha') and Hergoulalc’h (2012) (2.2 Mg hal). Avila et al. (2001) studied
the carbon stock in agroforestry systems in Costa Rica and found that the carbon stock in
aboveground pools of 8-year-old Coffea-Eucalyptus plantations was 12.3 Mg ha™* which

is less than in the Eucalyptus site.
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Comparing our results from the Sun coffee site with other studies, we conclude that the
carbon stock in coffee shrubs and litter is less in our studied site. Hergoulac’h et al. (2012)
published the value 8.5 Mg haand 1.3 Mg ha™ for the amount of carbon in aboveground

coffee biomass and litter.

Our results of carbon fixed in the deepest 10 cm of soil using equations from Tab. 6
indicate that the average carbon contents were as follows: 42.3 Mg ha™ at the Inga site;
43.9 Mg ha'* at the Sun coffee site; 52.2 Mg ha* at the Pinus site, and 46.3 Mg ha™ at the
Eucalyptus site. Schmitt-Harsh et al. (2012) found that the soil in a coffee agroforestry
system had a carbon content of 38.2 Mg ha*, while the value in the secondary forest was
45.1 Mg ha. Using equations from studies on carbon stocks in the topsoil (0-25 cm,
Tab. 6), we see the following values: Inga site: 77.5 Mg ha, Sun coffee site: 88.9 Mg ha”
! Pinus site: 96.4 Mg ha', and Eucalyptus site: 89.2 Mg ha*, which are comparable with
the results of Avila et al. (2001) (108.6 Mg ha) and Higer (2012) (73 Mg hal). Soto-
Pinto (2010) studied the soil to a depth of 30 cm and obtained the value 151.0 Mg ha,
which is greater than our results for all studied plantations. Another study from Indonesia
(Noordwijk et al. 2002) found that the total carbon stock (above 30 cm in the soil) for
shade coffee was 82 Mg ha, which is comparable with the value from the Inga site.

The published values of total carbon stocks for coffee agroforestry plantations range from
82 to 198 Mg hat, while soil carbon might reach over 89 % the total (Avila et al. 2001;
Schmitt-Harsh et al. 2012; Noordwijk et al. 2002; Hager 2012; Soto-Pinto et al. 2010;
Vasquez et al. 2007; Roncal-Garcia et al. 2008; Dossa et al. 2008). Our results for all
studied types of agroforestry plantations are inside this range. However, in our study, the
percentage of the entire carbon stock comprised by SC (soil carbon) was 75 % for the
Inga site, 65 % for the Pinus site and 67 % for the Eucalyptus site. With no trees present
at coffee plantations, the ecosystem carbon stock is basically determined by soil
compartment, whereas the carbon held in aboveground pools is not significant: it

represented only 1 % of the total in the Sun coffee site.

However, comparing soil carbon stock from the available literature is not easy. This is
due to inconsistencies in methodological approaches for soil carbon assessment (Nair et

al. 2009a) and several factors conditioning carbon sequestration potential. Factors in soil
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carbon sequestration potential and carbon turnover include soil properties like biological
activity, microbial community composition, the molecular recalcitrance of organic
matter, soil mineralogy, structure and texture, continuous temperature and humidity. In
the case of loam texture with clay content < 20 % in soils containing low activity clay
(Feller and Beare 1997), the stability of organo-mineral complexes is not obvious, just
like resistance to soil erosion. Hence soil carbon needs to be enhanced by suitable
management, which might be based on suitable soil cover care, coarser and more stable

soil structure and organic matter supply.

Besides natural conditions (climate, topography, soil-forming substrate etc.) the type of
agroforestry management also significantly affects the soil carbon sequestration process
(von Liitzov et al. 2006; Six et al. 2000; Schimel et al. 1994; Parton et al. 1987; Feller
and Beare 1997). It includes the type, density and distribution of shading trees providing
differently decomposing litter, as well as litter utilization either as mulch retained on the
plantation or as a base material for compost production, compost management etc. In
addition, management is often changed over time. Hence, time-sequence studies on soil
carbon are rare in agroforestry systems (Nair et al. 2009b). Therefore, the data on carbon

stock might be estimated as surrogates or indicators of carbon sequestration potential.

The benefit of agroforestry systems for reducing the CO: in the atmosphere is not only
the direct near-term C storage in trees and soils but also the potential to offset immediate
GHG emissions associated with deforestation and subsequent shifting agriculture (Dixon
1995). For growers, it is important to know how much wood they could produce in an
agroforestry system and what they will do with it. In our study, we studied plantations
shaded by introduced and local tree species. The wood of Inga trees is usually used as
firewood by the plantation owners, and the wood of Eucalyptus spp. and Pinus spp. is
sold as construction material. Both uses are very important because they reduce pressure

on the rainforests from the local community.

The Peruvian state should improve the monitoring of agroforestry plantations, assessing
their area and quality. This information would help to better understand the role of
agroforestry in the landscape and make the related policy decisions more effective. It is

important to continue to study introduced species in agroforestry plantations in South
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America and evaluate more precise equations for local plantations. It is also essential to
study the behaviour of Eucalyptus and Pinus tree species, especially in agroforestry
systems in South America, because it is a new trend and information on the effects on

plantations shaded by these species is insufficient.

7.7 Conclusions

Agroforestry systems play an important role in fixing carbon in agricultural landscapes
that have lost their original forest cover. They are especially important in tropical areas
that have been suffering over the past century from exceptional rates of change as they
are degraded by human activities. The amount of sequestered carbon depends on the tree
species used for shading. Our study, conducted in Peru, suggests that the coffee
agroforestry plantations shaded by introduced tree species (Pinus spp., Ecualyptus spp.)
perform better with regard to carbon storage than those shaded by the local tree genus
Inga.

The results should be generally applicable to agroforestry coffee plantations with organic
certification, where the coffee is grown at a comparable altitude, in a similar climate and
with comparable soil conditions. The carbon sequestration potential can also be
considered in REDD+ programs in which Peru could participate. However, it is also
important to consider and evaluate the impact of introduced tree species on biodiversity,
soil fertility, hydric function and appearance of coffee diseases in order to make sound

management decisions on the tree species used for shading.
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8.1 Abstract

The objective of this work was to evaluate the effects of shade on air and soil temperature,
as well as on air humidity and water availability in a coffee plantation. The study was
conducted in the Pasco region, Peru. Two sites were selected for measurement: one
shaded by Inga spp. and the other non-shaded. The air temperature and air humidity at
height 2 m; soil temperature at the depth of 10 cm and soil water availability at the depths
of 10 and 40 cm were measured during three-year period. Shading reduced the mean air
temperatures by 0.4 + 0.04 °C and increased the air humidity by 3.9 + 0.4 % compared to
the non-shaded site. Soil temperature was lower on the shaded site by 1.7 +0.3 °C
compared to the non-shaded site. We recorded drier soil conditions at the shaded site,
where the dry season (defined in terms of soil water availability) always starting earlier
and lasted longer. Our results showed that shaded trees can protect crops in areas
subjected to temperature climate extremes. On the other hand, the high air humidity
during the wet season could be problematic because of the increased risk of coffee shrub

fungal diseases.
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Coffea arabica, agroforestry system, microclimate, soil water availability, air humidity,

soil temperature
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8.4 Introduction

There is substantial concern about the impacts of climate change on agricultural
production at the worldwide scale (Fischer et al. 2005). A large fraction of the world’s
food is grown in the tropics, and climate variability plays an important role in determining
ecosystem productivity there (Slingo 2005). For this reason, it is important to study
agroforestry systems, which can provide a non-destructive and financially accessible way
to protecting crops from future changes, especially in areas with limited options (Lin
2007).

Coffea arabica L. (hereinafter “coffee”) represents an important global commodity in
many developing countries (DaMatta 2004). C. arabica is the most widespread species
of the genus Coffee and is cultivated under various management schemes from heavy
shade to full sun (Siles et al. 2010). Traditionally, it is grown under the shade of trees,
forming a typical agroforestry system (Wintgens 2004), in which trees or shrubs are
grown around or among crops (Nair 1993). Such an agroforestry system has many
advantages with respect to coffee grown in full sun, including providing a refuge for forest
biota (Perfecto et al. 1996) reducing pressure for further forest conversion to agriculture,
serving as a source of fuel-wood and construction material (Wintgens 2004), stabilizing
microclimatic conditions (Lin 2007; Siles 2010), and protecting the soli (Wintgens 2004).
On the other hand, shade trees may compete with coffee for resources such as light, water
and soil nutrients (Siles 2010). Another problem presented by the presence of shade trees
is a reduction of air movement and an increase in humidity, which may favour fungal
diseases (Smith 1981).

Nevertheless, the use of agroforestry systems is an economically feasible way to protect
crop plants from extremes in microclimate and soil moisture and should be considered as
a potential adaptive strategy for farmers in areas that will suffer from extremes in climate
(Lin 2007). This would seem to be particularly true of Arabica coffee, given that it is
native to Ethiopian tropical forests at altitudes of 1600-2800 m, where air temperature
shows little seasonal fluctuation. Indeed, the optimal temperature range for Arabica
coffee is 18-21 °C (Alegre 1959), and a reduction of high temperatures can be favourable

for coffee development.
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In fact, shade trees in coffee plantations have been shown to improve microclimatic
conditions through a reduction of air and coffee leaf temperature extremes (Siles 2010).
In particular, shade cover affects fluctuations more dramatically than it affects mean
values of climatic and soil moisture measurements (Lin 2007). Moreover, the presence of
shade cover in agroforestry systems is capable of reducing overall evaporative demand
from soil evaporation and coffee transpiration (Lin 2010). Indeed, the change in
micrometeorological factors resulting from the removal of shade trees could have an
important impact on the physiology of the crop (Barradas and Fanjul 1986). On the other
hand, it is very important to regulate the quantity of shade, because too much can result
in a very humid microclimate conducive to higher incidence of fungal diseases such as

leaf rust (caused by Hemileia vastatrix) (Avelino et al. 2007).

Coffee is a very important export crop in Peru, and its production is still growing there
(Junta nacional del café). Peruvian coffee plantations are situated in the Amazonian
mountain rain forest zone. Climate change is expected to modify the frequency, intensity
and duration of extreme events in many tropical regions, and there are indications that the
central-eastern Amazonia region may experience rainfall deficiency, as well as warming
of up to 6-8 °C in the future (Marengo 2011). This is likely to cause difficulties for coffee
plantations there. Already, the drought in Amazonia in 2005 has provided a good example

of climate extremes at the seasonal time scale (Marengo 2011).

In the face of increasing climate instability, it is necessary to find sustainable and
financially viable coping strategies for small farmers who have no access to technological
improvements (Lin 2007). Moreover, despite the importance of Peruvian Amazonia as a
coffee-growing region, there is a lack of information about the microclimatic situation on
the coffee plantations there. Both from the crop production and ecological points of view,
knowledge of the microclimatic changes in shaded systems through the crop cycle, and
in different periods of the year is needed, in order to establish agronomically and
ecologically sustainable practices (Morais et al. 2006). For this reason, we aimed to
examine: (1) the effect of shade on soil and air temperatures and humidity on a coffee
plantation; and (2) the ability of shade trees to mitigate temperature and soil water
availability seasonal extremes. For the study, the Ave Fénix coffee plantation in the town

of Villa Rica, Peru was chosen. This plantation is cultivated partly as an agroforestry
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system shaded by Inga spp. and partly without shade, allowing us to isolate the effects of

shading.

8.5 Materials and Methods

This study was conducted near the town of Villa Rica, in the Pasco region, Peru. Villa
Rica is the Peruvian centre of coffee cultivation. The average annual rainfall in this
tropical humid mountain forest zone is 1,590 mm, and the average annual temperature is
17.8 °C (Ponce et al. 2008). According to the Food and Agriculture Organization (FAO),
soils in this region are dystric cambisols (Michéli et al. 2006). The main economic activity
there is agriculture, and the landscape surrounding Villa Rica is characterised by shaded

coffee plantations with some cattle farming.

Ave Fénix (AF) plantation (10°36°37°'S; 75°1325""W) was chosen for this study both
because it allows comparison of shaded and unshaded coffee cultivation and because its
management and plantation structure are typical of the region. The plantation is
characterised by broken topography, with an average slope of 18.2°. In the first 30 cm,
the soil texture is classified as clay loam, with the soil reaction extremely acid and the
amount of organic carbon very high (Ehrenbergerova et al. 2016). We found four coffee
varieties on the plantation: Typica, ‘Catimor*, ‘Caturra® and ‘Catuai‘. The plantation is
divided into two sites: a shaded site (7.37 ha) and a non-shaded site (0.98 ha). The
dominant shade tree genus in the shaded site is Inga spp. (Inga adenophylla Pittier,
I. densiflora Bentham, 1. edulis C. Marius, I. feuillei DC., I. velutina Willdenow), but
other trees include as Pinus oocarpa D. Don., Pinus tecunumanii (Schwd) Equiluz &
Perry), and Retrophyllum rospigliosii (Pilger) C. Page (Tab. 3). Indeed, in the shaded site,
54 shade tree species were identified, with the tree density being 176 trees ha™ and mean
tree height 13.7 + 2.4 m.

We measured microclimatic conditions in both the shaded site and the non-shaded site.
The sensor set configuration was the same in both places. The air temperature and air
humidity at a height of 2 m were measured using a Minikin RTD (EMS, Brno, Czech
Republic) with sensor accuracy + 0.2 °C and + 2 %. Soil temperature at the depth of
10 cm was measured by MicroLog T3 (EMS, Brno, Czech Republic) with accuracy

+ 0.2 °C. Soil water availability was monitored by four gypsum block sensors (GB2,
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Delmbhorst Inc., USA), connected to the data logger (MicroLog SP, EMS, Brno, Czech
Republic), with accuracy better than 2%. Soil potential sensors were buried at depths of
10 and 40 cm within the root zone of coffee plants. All microclimatic data were recorded
every hour in the data-loggers memory. The microclimatic measurements were conducted
from February 2011 to January 2014. Soil water availability data were further interpreted
according to generally accepted hydro-limit values (e.g. Cermak & Prax 2001).
Therefore, the values 0.1-4 bar represent “easily available water” in soil, and values
between 4.1-10 bars represent “reduced soil water availability*. The values higher than

10 bars characterise “hardly available water” in soil.

8.6 Results and Discussion

8.6.1 Air Temperature

The average annual air temperature at the shaded site was 18.3 + 0.3 °C and at the non-
shaded site it was 18.8 + 0.3 °C (Fig 1). At both sites, the coldest month during the study
period was July while the warmest was November (Fig 1 and 3). The monthly mean air
temperatures during the whole experimental period was higher at the non-shaded site by
0.4 £0.04 °C, which is in accordance with the study of Morais (2006) which found shade
to reduce the mean air temperatures, during most of the period it covered. Minimal air
temperature at the shaded site was 9.9 °C (20.7.2012 at 7 a.m.) and at the non-shaded site
itwas 9.7 °C (23.7.2012 at 7 a.m.). The maximal temperature was 30.8 °C at the shaded
site (5.10 2011 at 4 p.m.) and 35.6 °C at the non-shaded site (20.10.2013 at 1 p.m.). The
climatic data were measured for 26,282 hours. Within this period, the air temperature was
non-optimal for coffee (higher than 21.1 °C) at the shaded site for 4,834 hours and at the
non-shaded site for 6,186 hours. The curves of average monthly temperatures showed

fluctuations in the range 17-19.8 °C at both sites during the year (Fig 1 and Fig 3).
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The comparison of daily microclimate fluctuations for wet and dry months (January and
September) of 2012 is shown in the Fig 2. The shaded site exceeded the coffee shrub
optimal temperature of 21 °C in the wet season between 12 a.m. (or 11 a.m. in the dry
season) and 6 p.m., whereas the non-shaded site exceeded this optimum between 11 a.m.
(or 10 a.m. for the dry season) and 6 p.m., thus for one hour more than the shaded site.
The difference between hourly average maximum and minimum air temperatures was 6.6
+ (.5 °C at the shaded site and 7.7 £ 0.5 °C at the non-shaded site in the wet season and
9.3 £ 0.8 °C at the shaded site and 10.8 + 0.9 °C at the non-shaded site in the dry season.

The average minimal daily air temperature was almost the same during the wet and dry
months (January and September 2012) at both sites and was a little less than coffee’s
optimal range (Alegre 1959). However, the average maximal daily air temperature was
higher at the non-shaded site, and at both studied sites, it was out of coffee’s optimal
range (Alegre 1959) (Fig 2). Our results differ from the results of other authors (Lin 2007;
Barradas & Fanjul 1986) for which low shaded sites had higher temperatures during the
day and lower temperatures during the night. Lin (2007) also found that air temperature
fluctuations increased significantly with decreasing shade cover, which is consistent with
our results. With respect to air temperature, our shaded site was preferable for coffee
plants because the temperatures were not so high and do not change as much. In particular,
it can be assumed that the coffee plants are exposed longer to non-optimal temperatures
at the non-shaded site than at the shaded site.
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8.6.2 Air humidity

The lowest humidity for both studied plantations was in September and the highest from
December to March (Fig 1). During the whole measurement period, the air humidity was
higher by 3.9 + 0.4 % at the shaded site than the non-shaded site (Fig 1 and Fig 3). The
average annual air humidity at the shaded site over the three measured years was 93.7 +
1.4 % and at the non-shaded site it was 89.8 + 1.8 %. The lowest humidity at the shaded
site was 39 % (5.9.2012 at 4 p.m.) and at the non-shaded site it was even lower 34%
(5.9.2012 at 3 p.m.). The hourly mean air humidity was also higher at the shaded site for
both wet and dry months. As in the case of air temperature, for air humidity, the daily
fluctuations were smaller (Fig 2) at the shaded site, corresponding with the findings of
Lin (2007). The higher humidity at the shaded site was in accordance with Barradas &
Fanjul (1986), who explained it by higher input of water vapour into the system, produced
by a much higher transpiration rate of canopy trees pumping water from lower soil layers.
This phenomenon is favourable for coffee shrubs during the dry season but can be
problematic during the wet season because of reduced air movement and increased air
humidity, and the resulting increased risk to the coffee shrubs from fungal diseases
(Avellino et al. 2007; Smith 1981).
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8.6.3 Soil temperature

The average monthly soil temperature for years 2011-2013 was 19 + 0.3 °C at the shaded
site and 20.7 + 0.5 °C at the non-shaded site. The lowest soil temperature at both sites
was in July and the highest was between October and November (Fig 1 and 3). The
minimal soil temperatures were almost the same at both studied sites: 15.1 °C at the
shaded site (23.7.2012 at 10 a.m.) and 15 °C at the non-shaded site (13.9.2011 at 6 a.m.).
Maximal soil temperatures reached just 21.9 °C (9.11.2011 at 6 p.m.) at the shaded site
but 34.1 °C at the non-shaded site (30.8.2011 at 1 p.m.). The average monthly soil
temperatures were lower at the shaded site by 1.7 = 0.3 °C than the non-shaded site
(Fig 1 and Fig 3), which agrees with the results of other studies (Morais et al. 2006;
Barradas and Fanjul 1986; Suarez de Castro et al. 1961).

The non-shaded site had higher soil temperatures during the day and also during the night
in the both wet and the dry months. The soil temperatures in both compared months
(January and September 2012) fluctuated more during a 24-hour period at the non-shaded
site (Fig 2). The average difference between daily maximum and minimum soil
temperatures was 0.7 £ 0.2 °C at the shaded site and 2.7 + 0.7 °C at the non-shaded site
in the wet season and 2.5 + 0.4 °C at the shaded site and 1.2 + 0.2 °C at the non-shaded
site in the dry season. The average hourly soil temperature fluctuation was almost
unnoticeable at the shaded site but pronounced at the non-shaded site during both wet and
dry months (Fig 2). Maximum ambient midday soil temperatures at 10 cm depth were

lower in the shaded location.

Our results are in accord with the fact that soil stabilizes the local thermal balance,
absorbing a considerable quantity of heat during the day and returning it to the atmosphere
at night. In a vegetated area, this stabilization is more efficient, with less thermal
oscillation, because during the day the vegetation protects the soil surface against direct
radiation that causes excessive heating, and during the night it minimizes thermal
radiation loss (Rich et al. 1993). This implies that soil without cover is heated much more
and shows greater fluctuation, which can limit coffee root vitality. It is necessary to study
more about the reaction of coffee roots to temperature, as soil temperature represents an

important root growth limiting factor (Pregitzer et al. 2000).
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8.6.4 Water availability

Tab 1 and Fig 4 indicate drier soil conditions at the shaded site than the non-shaded site
during the dry season, whereas during the wet season the water was “easily available” at
both sites. The dry season, characterized by “hardly available water,” started in June and
finished in October in all study years. It always started earlier and lasted longer (see Tab
1, Fig 4) at the shaded site. At the non-shaded site, the soil was drier at the depth of 10
cm, whereas at the shaded site, the soil depth layer 40 cm was drier (Tab 1).

Tab 1 The number of days classified according to their daily average soil water availability values to
three soil water availability categories (“easily available water” = 0—4 bars, “reduced soil water
availability® = 4.1-10 bars, “hardly available water” >10 bars) for two SWP measurements depths,
10 cm and 40 cm.

shaded non-shaded
SWP (bar)
10 cm 40 cm 10 cm 40 cm
0-4 898 869 976 1003
4.1-10.0 25 31 22 7
>10 166 172 74 57

The fact that the soil conditions were drier at the shaded site than the non-shaded site
differs from results of other published studies. For example, Morais et al. (2006)
concluded that soil moisture at 0—10 cm depth was higher in shade. Suérez de Castro et
al. (1961) reported that in El Salvador during the driest months, soil moisture was higher
in the shaded areas. Higher soil moisture in shaded places has been explained by the litter
layer reducing evaporative loss of soil water, while the shading decreased the energy
available for evaporation (Beer 1992). Another possible explanation is that shade increase

moisture input through horizontal interception of mist or clouds (Willey 1975).

We believe that in our study, the reason that the dry season always started earlier and
lasted longer at the shaded site is that shade tree roots exhausted a significant part of the
soil water during the dry season (Siles 2010). This would suggest that the shade trees had
a competitive effect on the coffee plants in terms of water availability. Moreover, at the
non-shaded site, the soil was drier at the depth of 10 cm, while at the shaded site the soil
at 40 cm was drier. These may be explained by the non-shaded site being dried more by

the sun whereas the shaded site was dried more by tree roots.
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Our outcome partly supports the hypothesis that shade trees in agroforestry systems help
coffee shrubs in areas where they suffer from climate extremes. In particular the shade
trees helped reduce the fluctuations of air temperature, air humidity and soil temperature.
Thus, as shown by Lin (2007) they thus may offer an effective coping mechanism to
implement in agricultural areas that suffer from climate extremes. Moreover, shaded
agroforestry systems thus may help in accommodating climate change. Recent examples
of extreme climate in many areas of Latin America point to the need for such adaptation
in the face of changing climate. However, as our study also showed, water competition
between shade trees and coffee shrubs could be problematic. Therefore, the water
conditions of each plantation should be evaluated, and the appropriate species and density

of shading trees should be used based on their water requirements.
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8.7 Conclusions
1. The trees in agroforestry systems help to reduce the fluctuations in air and soil
temperatures, as well as air humidity.
2. The monthly mean air and soil temperatures during the whole experimental period
were higher at the non-shaded site.
3. The monthly mean air humidity values during the whole experimental period were
lower at the non-shaded site.

4. The dry season always started earlier and lasted longer at the shaded site.

8.8 References

Alegre C. (1959) Climats et caféiers d’ Arabie. Agronomie Tropicale 14:23-58

Avelino J, Cabut S, Barboza B, Barquero M, Alfaro R, Esquivel C, Durand JF, Cilas C
(2007)Topography and crop management are key factors for the development of
American leaf spot epidemics on coffee in Costa Rica. Phytopathology 97: 1532—
1542

Barradas VL, Fanjul L (1986) Microclimatic characterization of shaded and open-grown
coffee (Coffea-arabica L.) plantations in Mexico. Agricultural and Forest
Meteorology 38:101-112

Beer JW (1992) Production and competitive effects of the shade trees Cordia alliodora
and Erythrina poeppigiana in an agroforestry system with Coffea arabica.
Dissertation, University of Oxford

Cermak J, Prax A (2001) Water balance of a Southern Moravian floodplain forest under
natural and modified soil water regimes and its ecological consequences. Annals
of Forest Science 58:15-29

DaMatta FM (2004) Ecophysiological constraints on the production of shaded and
unshaded coffee: a review. Field Crops Research 86:99-114

Ehrenbergerova L, Cienciala E, Kucera A, Guy L, Habrova H (2016) Carbon stock in
agroforestry coffee plantations with different shade trees in Villa Rica, Peru.
Agroforestry Systems. 2016. sv. 90, s. 433--445. ISSN 0167-4366.

Fischer G, Shah M, Tubiello FN, van Velhuizen H (2005) Socio-economic and climate
change impacts on agriculture: an integrated assessment, 1990-2080.

89


http://www.sciencedirect.com/science/journal/03784290

EHRENBERGEROVA, L., SENFELDR, M., HABROVA, H. Microclimatic differences between
shaded and non-shaded parts of a coffee plantation in the Peruvian Amazon. Experimental
agriculture. Submitted 2016

Philosophical transactions of the Royal Society of London. Series B, Biological
sciences 360:2067-2083

Junta nacional del café: an annotated database.

http://juntadelcafe.org.pe/publicaciones/produccion-de-cafe-entre-los-anos-1999-y-
2012. (Accessed June 29, 2015).

Kushalappa AC, Akutsu M, Ludwig A (1983) Application of survival ratio for
monocyclic process of Hemileia vastatrix in predicting coffee rust infection rates.
Phytopathology 73:96-103

Lin BB (2007) Agroforestry management as an adaptive strategy against potential
microclimate extremes in coffee agriculture. Agricultural and Forest Meteorology
144:85-94

Lin BB (2010) The role of agroforestry in reducing water loss through soil evaporation
and crop transpiration in coffee agroecosystems. Agricultural and Forest
Meteorology 150:510-518

Michéli E, Schad P, Spaargaren O, Dent D, Nachtergale F (2006) World reference baser
for soil resources. World Soil Resources Reports 103. Food and Agricultural
Organization of the United Nations, Rome.

Marengo JA (2011) Future climate change scenarios and their application for studies of
impacts, vulnerability, and adaptation in Brazil IN Adaptacion al cambio
climatico y servicios ecosistémicos en América Latina. Libro de actas del
Seminario Internacional sobre Adaptacion al Cambio Climatico: el Rol de los
Servicios Ecosistémicos (STAASE 2008), Serie técnica. Manual técnico.

Morais H, Caramori PH, Maria A, Ribeiro DA, Gomes JC (2006) Microclimatic
characterization and productivity of coffee plants grown under shade of pigeon
pea in Southern Brazil. Pesquisa Agropecuaria Brasileira 41:763—770

Nair PKR (1993) An introduction to agroforestry Kluwer Academic Publisher.

Perfecto I, Rice RA, Greenbergr R, Van der Voort ME (1996) Shade Coffee:
Disappearing Refuge for Biodiversity. Bioscience 46:596-608

Ponce MG (2008) Plan de Desarollo Concentrado de Villa Rica 2009-2018.
Municipalisas distrital de Villa Rica. provincia Oxapampa — Region Pasco.

Pregitzer KS, King JS, Burton AJ, Brown SE (2000) Responses of tree fine roots to
temperature. New Phytologist 147:105-115

Rich PM, Clark DB, Clark DA, Oberbauer SF (1993) Long-term study of solar radiation

90



EHRENBERGEROVA, L., SENFELDR, M., HABROVA, H. Microclimatic differences between
shaded and non-shaded parts of a coffee plantation in the Peruvian Amazon. Experimental
agriculture. Submitted 2016

regimes in a tropical wet forest using quantum sensors and hemispherical
photography. Agricultural and Forest Meteorology 65:107-127

Siles P, Harman JM Vaast P (2010) Effects of Inga densiflora on the microclimate of
coffee (Coffea arabica L.) and overall biomass under optimal growing conditions
in Costa Rica. Agroforestry Systems 78:269-186

Slingo JM, Challinor AJ, Hoskins BJ, Wheeler TR (2005) Introduction: food crops in
a changing climate. Philosophical transactions of the Royal Society of London.
Series B, Biological sciences 360:1983-1989

Smith ESC (1981) The interrelationships between shade types and cocoa pest and disease
problems in Papua New Guinea. In Beer J (1987) Advantages, disadvantages and
desirable characteristics of shade trees for coffee, cocoa and tea. Agroforestry
Systems 5:.3-13

Suaréz de Castro, F., Montenegro L, Aviles PC, Moreno M, Bolafios M (1961) Efecto del
sombrio en los primeros anos de vida de un cafetal. Cenicafé 2:334-355

Wintgens JN (2004) Coffee: Growing, Processing, Sustainable Production. WILEY-VCH
Verlag GmbH & Co. KGaA, Weinheim

91



EHRENBERGEROVA, L., KUCERA, A., CIENCIALA, E., TROCHTA, J., VOLARIK, D.
Identifying key factors affecting coffee leaf rust incidence in agroforestry plantations in Peru.
Agroforestry systems. Submited: 2016

9 Identifying key factors affecting coffee leaf rust incidence

in agroforestry plantations in Peru
Authors: L. Ehrenbergeroval*, A. Kucera!, E. Cienciala?, J. Trochta®, D. Volafik!

!Mendel University in Brno, Zemédélska 3, Brno 61 300, Czech Republic

2IFER - Institute of Forest Ecosystem Research, Areal 1. jilovské a. s., Jilové u Prahy
254 01, Czech Republic

% The Silva Tarouca Research Institute, Department of Forest Ecology, Lidicka 25/27,
Brno 602 00, Czech Republic

9.1 Abstract

Coffee leaf rust (CLR), caused by Hemileia vastarix, is one of the most serious diseases
of coffee plantations and cause great losses in coffee production. We aimed to examine
coffee varieties, shade, age of coffee plants, coffee plant density and soil properties in
relation to CLR infection. To do this, we established a total of 75 plots in three
agroforestry coffee plantations in the central Peruvian Amazon. We gathered data there
in 2011 (dry season) on the presence/absence of CLR; coffee variety; age and density of
coffee plants, and also took hemispherical photographs to determine canopy openness. In
2014 (wet season), we again gathered data on the same variables. In 2012, we collected
soil samples from a subset of the plots. At all plantations, coffee variety had a significant
effect on CLR incidence, with the ‘Catimor® variety infected less frequently than
‘Caturra‘. Coffee plant age had a significant positive effect on CLR incidence. Increasing
coffee density also increased CLR incidence for some of the studied plantations/seasons.
Comparing those plots from which data were collected in the dry and wet seasons, we
found that CLR presence was significantly higher in the wet season. The effect of shade
on CLR incidence was not clear. ‘Catimor‘ and ‘Caturra‘ varieties showed opposite trends
of CLR incidence in response to shade quantity in most cases (‘Caturra® variety CLR
incidence was decreasing with shading increase and ‘Catimor® CLR incidence decreasing

with decreasing shading). Finally, the soil properties did not affect CLR incidence.

9.2 Keywords

Coffee age; coffee plant density; coffee variety; shade trees; soil properties; microclimate
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conditions.

9.3 Introduction

One of the most serious common coffee diseases is coffee leaf rust (CLR) (Kushalappa
1989; Prakash et al. 2004; Wintgen 2004), which is caused by the fungus Hemileia
vastatrix Berk. et Br. CLR, by damaging leaves and ultimately causing them to fall,
resulting in loss of physiological activity in the affected branches and thereby diminished
coffee crop yield (Wintgens 2004). The disease is prevalent in the major coffee-producing
countries worldwide (Wintgens 2004). In South America, CLR was first identified in
Brazil in 1970 and then spread to other countries. The recent (2012-2013) outbreak
of this disease lowered harvests by 10-70% in several Latin American countries,

including Peru, where coffee is the key agricultural export (JNC 2014).

‘Catimor* and ‘Caturra‘ are among the most popular coffee varieties in South America.
The “Caturra‘ variety is well-adapted to Colombia and Central America, where it has been
the subject of high-density coffee-growing practices (Wintgens 2004). However, a major
problem of this variety is its susceptibility to all the main coffee diseases and pests
(Wintgens 2004). Developing leaf rust-resistant varieties has been a breeding objective
of the highest priority in many countries (Prakash et al. 2004; Avellino et al. 2015), and
one of the results was the ‘Catimor* variety, a coffee hybrid that resulted from a cross of
‘Caturra‘ and the Timor hybrid, and which should be resistant to the prevailing strains of
CLR (Kushalappa 1989; Wintgens 2004). ‘Catimor‘ is now widely distributed in the
coffee-growing countries, not only in Latin America but also in Africa, Asia and Oceania
(Silva et al. 2006). However in Peru the coffee varieties susceptible to CLR are still

planted on approximately 95% of the area of coffee plantations (JNC 2014).

Coffee is traditionally grown under the shade of trees, forming a typical agroforestry
system (Wintgens 2004). This system has many advantages compared to coffee grown in
full sun, including providing a refuge for forest biota (Perfecto et al. 1996; Moguel and
Toledo 1999), reducing pressure for further forest conversion to agriculture (Noponen et
al. 2013), serving as a source of fuel-wood and construction material (Rice and Ward
2008), stabilizing microclimatic conditions (Lin 2007; Siles et al. 2010), and protecting
soil (Siebert 2002). On the other hand, shade trees may compete with coffee for resources
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such as light, water and soil nutrients (Siles et al. 2010).

Influence of the tree shade on CLR is centre subject of controversy (Avelino and Rivas
2013). Increase in CLR incidence with increasing shade (Monterroso 1999) was one of
the reasons for shade elimination in numerous plantations in South and Central American
and Caribbean countries in the 1990s (Rice and Ward 1996). However, Eske et al. (1982)
reported the opposite trend, i.e., CLR incidence decreasing with increasing shade. Various
authors recommend intermediate levels of shading (Eske et al. 1982; Kushalappa 1989;
Staver et al. 2001). On the other hand, Matovu et al. (2013) reported that low and medium
shade intensity had the highest CLR incidence followed by high and no-shade levels.
Some studies have even not detected any dependence between CLR and shade (Soto Pinto
et al. 2002; Salgado et al. 2007).

The effects of other plant and environmental variables on susceptibility to CLR have also
been examined. Avelino et al. (1991) found older coffee leaves to be more vulnerable to
CLR. Additionally, CLR incidence is generally higher in high-yielding plants (Zambolim
et al. 1992; Avelino and Savary 2002; Wintgens 2004; Avelino et al. 2006; Lopez-Bravo
et al. 2012) and in plantations with high coffee plant density (Kushalappa 1989).

The ideal type of soil for coffee growing is slightly acidic (4.5-6), deep, permeable, and
porous (Wintgens 2012). Lamouroux et al. (1995) found that CLR was generally
associated with pH values that overlap with the lower part of this range (<4.7) and also
with poor soil structure (especially soils with organic matter content < 3%). Avelino et
al. (1998) and Pellegrin et al. (1995) noted that a low soil pH combined with high yield
can also predispose coffee shrubs to the CLR infection.

Seasonal fluctuation in temperature and rain distribution also influences the incidence of
CLR. Optimum temperatures for uredospore germination and infection range from 21 °C
to 25 °C (Nutman et al. 1960; Kushalappa et al. 1983). High temperatures are restrictive
to coffee rust growth, with germination inhibited above 28-30 °C (Rayner 1961; Nutman
et al. 1960; Kushalappa et al. 1983) and lesion growth suppressed after several exposures
to 40 °C (Ribeiro et al. 1978). In high altitude regions, coffee rust epidemics are less
intense due to lower temperatures (Bock 1962; Avelino et al. 1991, 2006). Rain
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contributes to the transport of urediniospores for short distance, and water (i.e., H20 in
liquid form) is necessary for germination until leaf penetration (Avelino and Rivas 2013).
CLR epidemics develop during the rainy season and declines when the rainy season stops
(Galvez et al. 1980; Santacreo et al. 1983; Holguin, 1985; Avelino et al. 1991). However,
lack of rain does not seem to be a significant limiting factor for CLR epidemic
development. Other sources of free water such as dew can facilitate the germination of

spores during the absence of rain (Muller 1975).

To elucidate the above factors in relation to coffee shrub susceptibility to CLR, we
performed field research in four coffee plantations in Peru. Data collection was conducted
at the end of both the dry and the wet seasons. The following main questions were
investigated:

(@) What is the effect of coffee variety on CLR incidence in actual farm
conditions? Various studies have examined CLR resistance of coffee varieties and the
genetic basis for resistance of various hybrids. However, field research examining
interactive effects on CLR incidence of coffee variety and other factors in actual
plantation conditions is broadly lacking.

(b) How does shading influence the incidence of CLR? This issue remains unclear,
yet it is important to resolve. Agroforestry systems bring many environmental benefits,
but the fear of CLR has already resulted in some of them changing to monoculture
plantations.

(c) How do coffee plant age, plant density and soil properties affect CLR incidence

and how do these variables interact with coffee variety?

9.4 Materials and methods

9.4.1 Description of study sites

This study was conducted in the Villa Rica district, Pasco region, Peru (Fig. 1), which is
located in the foothills of Peruvian Andes in the tropical humid mountain forest zone.
Villa Rica district is one of the centres of coffee production in Peru (Hamlin and Salick
2003), so the landscape is shaped by coffee plantations with some cattle farming. The
mean annual rainfall of the area is 1,590 mm, and the average annual temperature is
17.8 °C (Ponce et al. 2008). Soils in the region are classified as dystric Cambisols (Brack
2012; Michéli et al. 2006). The majority of coffee plantations in the district are using
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agroforestry (Greenberg et al. 1999). CLR is a serious problem in the Pasco region: in
December 2013, about 33% of coffee shrubs were infected with it (JNC 2014).

At the end of the dry season (i.e., October) of 2011, three coffee plantations were selected
for the first data collection: Ave Fénix; Santa Rosa and Carrillo. Data were collected again
at the end of the wet season (February) of 2014 at Ave Fénix and Santa Rosa, and data
were also collected at La Torre (instead of Carrillo). Locations of all studied plantations
are shown on Table 1 and Fig. 1.

Organic farming management is used in all selected plantations. Management is relatively
simple and is applied identically across all the coffee plantations at each location. Coffee
is pruned systematically with one third of the rows are pruned each year to a height of 0.4
m, the next rows pruned the following year and so on, such that each row is pruned every
three years (see schematic depiction in Fig. 2). The farmers leave the organic material

from pruning on the soil to decompose.

VILLA RICA DISTRICT

Gabriela
°

Ave Fénix
®

Santa Rgsa
I Kms

Fig. 1. Locations of studied plantations

Ave Fénix plantation, shaded mainly by Inga spp., is located in the village of Alto
Palomar. During the measurement, 7.4 ha of this plantation were shaded by Inga spp. and
1 ha was unshaded. Santa Rosa plantation, shaded mainly by Pinus spp., is located near
Lake Oconal. It consists of first-generation coffee plants on former pastureland, and is
one of the first coffee agroforestry plantations shaded by Pinus spp. in the region. Carrillo

plantation also comprises first-generation coffee plants, which in this case are shaded
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mainly by Eucalyptus spp. which were planted as part of the conversion process from
pastureland to plantation. It is located 4 km north of the town of Villa Rica. Data
collection at this plantation was not possible in February 2014 because of the elimination
of coffee shrubs from this site. La Torre plantation, located next to Lake Oconal, was also
shaded mainly by Eucalyptus spp. planted for conversion from pastureland to plantation.

Data were collected at this plantation in 2014 instead of the Carrillo plantation.

Table 1

Descriptions of studied coffee plantations in terms of location, area, mean altitude, dominant tree
species and average age. (UTM - Universal Transverse Mercator, m.a.s.l. - meters above sea level,
Cati - “Catimor* , Catu - ‘Caturra’, Cata - ‘Catuai‘, T- typical, B - Bourbon, P - ‘Pache‘)

) X Y Area Altitude Dominant Average Coffee
Plantation ) o
(UTM) (UTM) (ha) (m.as.l) species age (years)  varieties
Santa Rosa 471531 8809929 3.98 1540 Pinus spp. 15  Cati, Catu, Cata
La Torre 469052 8811679 0.85 1530 Eucalyptus spp. 11  Cati, Catu, T, B
Cati, Catu,
Ave Fénix 475784 8808864  7.37 1550 Inga spp. 15
Cata, T, P
Carrillo 471882 8816212 0.96 1660 Eucalyptus spp. 7 Cati, Catu

9.4.2 Data collection

A total of 75 circular plots (25 at each of the 3 original plantations), each having an area
of 100 m?, were established randomly within the studied plantations, in October 2011
(dry season). In February 2014 (wet season), data were collected again from the 50 plots
at the Ave Fénix and Santa Rosa plantations and 25 new plots were established and data
collected from them at the La Torre plantation. CLR presence/absence, coffee variety and
coffee plant age were recorded for each coffee plant on the plots. The coffee plant density
was calculated for each plot. A coffee plant would be categorized as infected by CLR if
the orange chlorotic spots were observed on the upper surface of the leaves. Five age
classes of coffee plants were distinguished: (1) from 1 to 5 years old; (2) from 6 to 10
years old; (3) from 11 to 15 years old; (4) from 16 to 25 years old; and (5) more than 25
years old. These age classes reflected the age of the whole plant (and thus did not take

into account shoot ages as affected by pruning).
Hemispherical photographs to asses canopy openness were taken looking upwards from
the centre of each coffee measurement plot, above coffee plant at the height of 1.6 m

(using a Canon EOS 550D camera with Sigma 4.5mm /2.8 EX DC lens) at the same
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times that data were collected. The photographs were intentionally underexposed by two
stops (-2EVs) as shown by Beckschifer et al. (2013) to be the minimum required
underexposure for hemispherical photographs for the purposes of forest canopy openness
estimation. They were pre-processed in Lightroom 4 (Adobe Corporation), where image
contrast was increased to make canopy/sky classification easier and each entire image
was checked for bright areas (from direct or reflected sunlight) on stems, branches and
the ground. These areas were darkened manually to ensure they were not misclassified as
sky during automatic image classification. Photographs were then classified using the
IsoData method in ImageJ vers. 1.48v. Finally, two canopy openness values were
calculated from each photograph, bot employing CIMES vers. 9 (Gonsamo et al. 2011)
The first, with a 10° zenith angle, was calculated to assess the openness directly above
the coffee plant, while the second, with a 75° zenith angle, was intended to characterize

the overall situation (Fig. 2).

om
Fig. 2. Location of camera for the hemispherical photographs, showing marked zenith angles of 10°
and 75°. The depiction of coffee plants (below the trees) also illustrates the systematic coffee pruning
described in the text.

Soil samples were collected in 2012 from a total of 24 of the coffee survey plots at the
Ave Fénix, Santa Rosa and Carrillo plantations (three of these plots at each plantation).
All soil sampling plots were selected in similar slope (approximately 15°). From each soil
sampling plot, three soil samples were taken from the depth of 0—10 cm, and were mixed
together to get a mixed soil sample used for further analysis. Soil water content (denoted
as moisture) was assessed by oven-drying at 105°C; texture (sand 0.05-2 mm, silt 0.002-

0.05 mm and clay < 0.002 mm percentage) was assessed using a hydrometer (Bouyoucos
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1962); soil reaction (pH/KCI or pH/H20) was assessed from suspension of soil
sample:1M KCI or H20, respectively at a 1:1 ratio (v:w); aluminium content (Al) was
assessed according to Yuan (1958); total organic carbon (TOC) was assessed according
to Walkley and Black (1934); nutrient content (K20 in kg-ha™, Ca and Mg in Cmol-kg™?)
was assessed from suspension of soil sample:1N ammonium acetate at a 1:10 ratio (v:w)
using atomic adsorption spectrophotometry from a solution of 1N ammonium acetate at
pH 7; cation exchange capacity (CEC) was assessed as effective in 1IN KCI when soil
sample:eluent ratio was 1:10 (v:w); and base saturation (BS) was expressed as the base
cation percentage of CEC. All soil samples were processed at the laboratory of the

Universidad Agraria Nacional de la Selva, Tingo Maria, Peru.

Air temperature and air humidity at the Ave Fénix plantation were measured continuously
at the shaded and non-shaded sites at a height of 2 m using a Minikin RTD (EMS, Brno,
Czech Republic) with sensor accuracy +0.2°C and +2 %, respectively. The

microclimatic measurements were conducted from February 2011 to January 2014.

9.4.3 Statistical analysis

We used boxplots to show the distributions of age, plant density and openness of all
studied plantations from the data collected in 2011 and 2014. Next, we analysed whether
there were differences in CLR infection probabilities on different plantations using
generalised linear mixed effect models (GLMM) with binomial distribution of errors,

logit link function and treating plot ID as a random effect.

Our main goal in statistical analysis was to reveal the main factors influencing CLR
infection probability. Because we found in the preliminary analysis that plantations were
fairly distinct in their ranges of explanatory variable values and that the overall dataset
was rather unbalanced, we decided to conduct separate analyses for each
plantation/season. We again used GLMM with plot ID as a random effect, binomial
distribution of errors and logit link function. Our response variable was coffee plant
infection probability and explanatory variables (fixed effects) were coffee variety, age,
canopy openness and density. We chose to examine only the most important coffee
varieties, ‘Caturra’ and ‘Catimor‘, as the other varieties were often missing, making

analysis difficult to perform. First, we calculated simple models with only one fixed effect
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and then we combined several variables to find the overall best model and its alternatives.
We also included interactions of age, canopy openness and density with coffee variety
because we expected that the responses of these variables could be different for resistant
and susceptible varieties. We reported final models with all significant combinations of
variables, along with the values for their AIC (Akaike Information Criterion) and

marginal and conditional pseudo R? (Nakagawa and Schielzeth 2013).

We simplified the analyses of soil variables because we had a relatively small sample size
— a total of 24 samples from all plantations. Therefore, we analysed all plantations
together instead of doing separate analyses for each plantation. Additionally, because we
had just one value for each soil variable for each sample plot, we used a generalized linear
model (GLM) approach with quasibinomial distribution of errors and link function logit
instead of the more sophisticated GLMM. In the first model (M1), each soil variable was
used as the only fixed effect variable. Because we found coffee plant age and variety to
be the most important variables, we also fitted one model (M2) with the interaction of the
particular soil variable and the mean coffee plant age on the plot and one model (M3)
with the interaction of the particular soil variable and percentage of resistant ‘Catimor*
variety on the soil sampling plot. Next, to have a general overview of all soil variables,
we generated ordination plots using principal component analysis (PCA). Statistical
analyses were carried out in the software environment of R version 3.2.3 (R Core Team
2015), GLMM in Ime4 package version 1.1-11 (Bates et al. 2014), conditional and
marginal pseudo R? in MuMIn package version 1.15.6 (Barton 2015), and PCA in vegan
package version 2.3-5 (Oksanen et al. 2016).

9.5 Results

9.5.1 Basic characteristics of coffee plantations

Data distribution for age, coffee plant density and canopy openness is shown in box plots
(Fig. 3). We divided the studied plantations into two groups regarding coffee plant age:
even-aged (Carrillo and La Torre) and uneven-aged coffee plantations (Ave Fénix and
Santa Rosa). The lowest coffee plant density was at the Carillo plantation and the highest

at the Ave Fénix plantation. Canopy openness 75 was lower in 2014 than in 2011 and its
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variability was low in all plantations. Canopy openness 10 also decreased between the

years 2011 and 2014, but had greater variability in all plantations.

According to the results of the soil analyses, (Table 2 and Fig. 4) the plantations are
generally characterized by loamy texture, having strongly acidic pH/KCI, high to very
high TOC content, medium to high content of Mg, low (Santa Rosa) to moderately low
CEC and high to very high BS. The soil parameters were well-grouped at Santa Rosa,

especially compared with Ave Fénix, which has a larger area with more varied conditions.

Table 2

Basic soil properties — means and standard deviations (SD) in 1t 10 cm layer of soil in each plantation
and p-values reported from analysis of the effects of soil variables on CLR incidence. M1 - simple
model with soil characteristic only; M2 - model with soil characteristic, mean plot age and their
interaction; M3 - model with soil characteristic, plot ‘Catimor® plant representation (as percentage
of all coffee plants on plot) and their interaction; p-value of interaction term is reported.

M1 M2 M3

Soil property Ave Fénix Carillo Santa Rosa

p-value p-value p-value
Soil texture
Sand content [%] 427119 477483 48.0+6.3 0.333 0.425 0.952
Clay content [%] 249+7.6 19.0£2.6 15.0£2.3 0.404 0.543 0.109
Silt content [%] 324+59 33.3+6.3 36.9+£52 0.512 0.487 0.140
Soil reaction

Potential soil reaction
pH/KCI

Active soil reaction
pH/H0

3.8+0.5 44+0.3 4.1+0.3 0.590 0.140 0.289

4.1+0.41 47+0.2 43+03 0.525 0.167 0.242

Total organic carbon
20+1.1 1.8+0.7 24+0.5 0.435 0.166 0.463

[%]
Nutrient content in total 3154+
459.6 £ 112 330.6 £ 84.2 0.431 0.342 0.189

amount K;O [kg/ha] 1435
Ca exchangeable

6.8+4.5 12.2+3.1 51+1.1 0.359 0.342 0.677
[Cmol/kg]
Mg exchangeable

1.6+£0.6 1.8+£0.6 1.1+£02 0.396 0.296 0.148
[Cmol/kg]

Cation exchange
] 11.5+4.6 15.1+£32 7.5+1.1 0.720 0.245 0.163
capacity [Cmol/kg]

Base saturation [%] 704+169 92.6+34 81.8+6.4 0.837 0.320 0.117
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Fig. 3. Boxplots showing distributions of age, plant density and canopy openness (10° and 75°) of all

studied plantations from 2011 and 2014. The horizontal line in each box represents the median; the

hinges represent the 25" and 75" percentiles; the whiskers represent 1.5 times the interquartile range

and open circles represent values outside this interval
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Fig. 4. Ordination of studied soil properties showing interactions among them and individual
plantations obtained by principal component analysis. Plots within the same plantation are
distinguished using a spider plot.

Average daily temperature in October 2011 (dry season) at the shaded site was 18.6 + 0.5
°C and at unshaded site it was 19.0 £ 0.5 °C. Average daily temperature in February 2014
(wet season) was 18.4 + 0.3 °C at the shaded site and 18.9 + 0.4 °C at the non-shaded site.
Average daily humidity on October 2011 was 87.7 + 3.17 % at shaded site and 82.5 +
3.24 % at the non-shaded site; in February 2012 it was 97.4 £+ 1.12 % at shaded site and
96.4 + 1.47% at the non-shaded site. All standard deviations were calculated from daily
means. In the dry season, October 2011, temperatures were optimal for CLR from 12:00
to 17:00 at the shaded site and from 11:00 to 17:00 at the non-shaded site. In the wet
season, February 2014, it was from 14:00 to 16:00 at the shaded site and from 12:00 to
17:00 at the non-shaded site. The difference between the shaded and non-shaded sites was

higher in the wet season (Fig. 5).
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Fig. 5. Average hourly air temperature (A, B) and air humidity (C, D) in the dry season, October
2011 (AC) and in the wet season, February 2014 (BD). SH — shaded site; NSH — non-shaded site.
Temperatures between the dotted lines are optimal for CLR development.

9.5.2 Influence of coffee variety, shade, age and plant density on CLR
incidence

The most important factors influencing CLR incidence were coffee variety and the age of
the coffee plants. ‘Catimor‘ had less CLR incidence than the ‘Caturra® variety at all
plantations in both 2011 and 2014 (p < 0.001, at the Carrillo plantation p = 0.004, Fig. 6).
Coffee plant age was the second-most important factor: with increasing age the
probability of CLR infection increased at the majority of plantations (p < 0.001, for Ave
Fénix 2014 p = 0.027, Carrillo and La Torre — not significant, Table 3 and Fig. 6A-D).

The effect of shade (here characterised in terms of canopy openness) on CLR incidence
was not very clear. Canopy openness measured using a 10° angle significantly influenced
CLR incidence in the wet season (p-values from 0.002 to 0.037), but it was not significant
in the dry season. On the other hand, canopy openness measured using a 75° angle
significantly influenced CLR incidence in the dry season (p-values from 0.001 to 0.026)
but it was not significant in the wet season (with the exception of the ‘Caturra‘ variety at

Ave Fénix).
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Coffee plant density influenced the CLR incidence at just half of the studied
plantations/seasons, and it had mostly a positive effect on CLR incidence with the
exception of ‘Caturra‘ at Ave Fénix and ‘Catimor® at Santa Rosa (p < 0.001 for Santa
Rosa 2011, interaction of density and variety p-values ranged from 0.004 to 0.038 for La
Torre, Ave Fénix 2011 and Santa Rosa 2014, Table 3 and Fig. 6C, 6F). Soil characteristics
were not significant either when considered by itself or in interaction with coffee variety

or age.

For the two plots (at Ave Fénix and Santa Rosa plantations) from which data were
collected in both October 2011 and February 2014, we found that CLR incidence was
significantly higher (p < 0.001) in 2014. The increase in CLR infection was more
pronounced in the Santa Rosa plantation (from 51% to 60%) than in Ave Fénix (52 to

53%). Fig. 7 shows CLR incidence in studied plantations/seasons.

Final models are provided in the supplementary data in Table S1.
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Fig. 6. The probability of CLR infection in relation to the most important variables (separately for
plantations and seasons: A, B - Ave Fenix; C, D - Santa Rosa; E - Carrillo, F - La Torre). Dots
represent observed values jittered around the x and y axes and semi-transparent to be more
informative because there were just two possible values 1 and 0 (CLR present/not present).
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Fig. 7. Probability of CLR infection by plantation and season (October 2011 and February 2014).
Mean values for plantations and seasons were calculated using GLMM and their 95% confidence
intervals are shown. Pairwise comparisons of plots in Ave Fénix and Santa Rosa plantations (using
GLMM) showed significant differences between the two seasons (p <0.001).

Table 3

Overview of the effects of studied variables on CLR incidence shown for traditional ‘Caturra’ and
resistant ‘Catimor* coffee varieties and for different plantations and seasons. Codes: ‘++’ strong
positive effect (i.e., CLR incidence increase); ‘+’ positive effect; .’ non-significant effect; ‘(-)’ negative
effect (i.e., CLR incidence decrease); ‘--> strong negative effect. Plantations with very narrow
gradient for the particular variable and variety are indicated by a grey background.

Season Plantation Age Openness10 Openness75 Density
Catimor Caturra Catimor Caturra Catimor Caturra Catimor  Caturra

2011 Ave Fenix + + - - + -
2014 Ave Fenix - + - + +

2011 Santa Rosa ++ ++ - + + +
2014 Santa Rosa ++ + - ) +
2011 Carrillo + +

2014 La Tore - + +
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9.6 Discussion

Average CLR incidence for each plantation ranged from 10 to 51% in the dry season
(October 2011) and from 16 to 60% in the wet season (February 2014). This is in the
range of CLR infection reported in Peru (10-70%) (JNC, 2014), but higher than other
authors have found elsewhere: on plots in Mexico, Soto Pinto et al. (2002) found the
percentage of CLR ranged from 5.1% to 20.2%; Avelino et al. (1991) reported 24% CLR
in Mexico; and Brown et al. (1995) found an 18% incidence of CLR in Papua New

Guinea.

Our study found coffee variety to have an important effect on CLR incidence. In
particular, the ‘Caturra‘was the susceptible variety and ‘Catimor‘ the resistant one as
others have also found (Wintgens 2004; Silva et al. 2006). Moreover, we found that the
effect of other factors — especially canopy openness and coffee plant density differed for
the ‘Catimor‘and ‘Caturra‘ varieties (significant interaction of these variables and variety)
(Table 2, Fig. 3).

The second-most important factor influencing CLR incidence was age. With increasing
age, CLR incidence increased for both studied varieties. We did not find other studies
examining the effect of plant age on CLR presence. However, Eskes and Toma-Braghini
(1982) studied the influence of leaf age on incomplete resistance to CLR in Brazil and
found that for the susceptible variety ‘Catuai‘ there was no effect of leaf age on the latency
period, but for ‘Catimor‘, the resistance to CLR decreased with increasing leave age.
Additionally, the results of Coutinho et al. (1994) indicated that ‘Caturra‘ showed
increased resistance with increasing leaf age. However, our results cannot be directly
compared with the results of Eskes and Toma-Braghini (1982) or Coutinho et al. (1994),
because the age of whole plants does not reflect the age of leaves, mainly because plants
in plantations such as those studied are pruned regularly. In the context of our study, it is
important to mention that approximately 70 % of the coffee plantations in Peru are older
than 20 years (JNC 2014) and hence the risk of CLR epidemic is large. In particular, we
found that the critical age at which CLR infection increases substantially even for the
resistant ‘Catimor* variety seems to be between 15 and 20 years. Therefore, when coffee
plants reach this threshold, they should be replaced with new ones.

Our study, like previous research (Avelino and Rivas 2013), shows that the influence of
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shade on CLR is not straightforward. Although Eskes (1982) found that increased shading
was associated with increased Coffea arabica resistance to CLR, that study’s
methodology incorporated artificial inoculation of leaves, making a direct comparison
with our study difficult. Monterroso’s (1999) comparative study of shaded (80%) and
open-sun coffee fields in the uplands of southern Nicaragua showed rust levels to be
higher in the shade; this was attributed primarily to increased humidity. Although our
findings regarding shade differed from those of Monterroso (1999), we also suggested
increased humidity to be associated with higher CLR incidence during the wet season.

Our results regarding effects of shade (in terms of canopy openness) differed when
assessed for the angles 10° and 75° (canopy openness 10° and canopy openness 75°,
respectively). Interestingly, canopy openness 10° had an effect on CLR incidence only in
the wet season, whereas canopy openness 75° had an effect on CLR incidence in the dry
season (except for the ‘Caturra‘ variety at Ave Fénix). The importance of canopy
openness 10° during the wet season could be explained by the effect of shade trees
growing directly over the coffee in decreasing the amount of rain that falls on coffee
plants (interception effect). In contrast, canopy openness 75° is more representative of
lateral light, which is likely more important in the dry season when the shade from
neighbouring is important in the morning and afternoon. Particularly interesting is that
the ‘Catimor® and ‘Caturra® varieties showed opposite trends in response to canopy
openness in most cases. For ‘Caturra‘ , increasing canopy openness results in increasing
CLR incidence in the majority of plantations/seasons, whereas for ‘Catimor*, increasing
canopy openness was associated with decrease CLR incidence in most of the

plantations/seasons.

Our results also indicate that increasing coffee plant density generally increased the
incidence of CLR. This is in accordance with Avelino and Rivas (2013), who reported
that the practice of planting coffee at high densities favoured CLR incidence in
standardized fruit ripening conditions (i.e., same quantity of ripe fruit per branch).
Moreover, high coffee plant density increases the leaf area index (Arcila-Pulgarin and
Chaves-Coérdoba 1995; Cannel 1975), which favours urediniospore interception (Avelino
et al. 2004). High densities can also favour the spread of the disease from plant to plant
by increasing contact between plants (Burdon and Chilvers 1982). However, on ‘Caturra‘
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plants at Ave Fénix in 2011 the CLR incidence decreased with increasing coffee shrub
density. This might best be understood in terms of increased coffee planting density
implying greater self-shading between coffee plants (Avelino et al. 2004), which,
therefore, would produce similar effects to those of increased shade, which mostly

resulted in decreased CLR incidence for ‘Caturra‘ in our study.

Soils at all the plantations had pH values near or below the lower limit favourable for
coffee growing, with the pH/KCI in particular not in the range of appropriate values for
this activity (Wintgens 2012). Moreover, these values were in the range that increases
susceptibility to CLR (Lamourous et al. 1995; Avelino et al. 1998; Pellegrin et al. 1995).
In contrast, the soil structure we found does not favour CLR presence (Lamouroux et al.
1995), and the soil nutrient status (Ca, Mg and K content evaluated according to the
criterion of Costantini 2009) did not limit coffee growth at any of the studied plantations.
Finally, we did not find any soil variable to have a significant effect on CLR incidence.
However, the range of soil properties in our study was relatively narrow, which resulted

in low potential to detect significant trends.

It is known that incidence of CLR is influenced by microclimate conditions (Avelino and
Rivas 2013; Avelino et al. 2007; Carvalho et al. 1961; Smith 1981). In our case, CLR
optimal temperatures were observed for a longer time in October 2011 (dry season) than
in February 2014 (wet season) at Ave Fénix, at both the shaded and non-shaded sites.
This would suggest that we would find a higher CLR incidence in October 2011.
However, we found the opposite, i.e., a higher CLR incidence in February 2014. We
suppose that in February 2014 the determining factor was the wetter climate rather than
temperatures. Other authors have also reported similar results (Galvez et al. 1980;
Santacreo et al. 1983; Holguin 1985; Avelino et al. 1991), showing that CLR epidemics

develop during the rainy season and decline when the rainy season ends.

9.7 Conclusions

Our study showed that, of the factors we considered, the ones with the most important
influence on CLR incidence are coffee variety and the age of the coffee plants. The
importance of coffee plant age is an especially important finding because of the overall

lack of studies focused on this factor. The effect of canopy openness on CLR incidence
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differed between the different zenit angles used for openness assessment, and among
varieties and plantations. Canopy openness 10° had effect on CLR incidence only in the
wet season, and canopy openness 75° had effect on CLR incidence in the dry season.
Especially noteworthy is the fact that ‘Catimor® and ‘Caturra‘ varieties showed opposite
trends in response to canopy openness in most cases. These results indicate the need of
study the influence of shade effects in concert with other factors influencing CLR

incidence.

Our general recommendation for coffee growers is to use resistant coffee varieties and to
replace coffee plants when they become too old to be resistant to CLR infection. On the
other hand, conversion of agroforestry to monoculture plantations is not recommended as
a way to reduce the CLR presence, as the relationship between the amount of shade and
the CLR presence remains unclear, and, moreover, such a transition would result in loss

of the various benefits provided by agroforestry.
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9.9 Supplementary data

Table S1

Overview of final models estimating CLR infection probability for studied plantations and seasons.
Models were fitted using generalised linear mixed models with binomial distributions. AIC
differences (AAIC) from the best model for particular plantations, and marginal and conditional
pseudo R-square values are shown. Marginal pseudo R-squared values are associated with fixed
effects only, whereas conditional pseudo R-square values are associated with both fixed and random

effects.
Model specification AAIC Marginal  Conditional
pseudo R?  pseudo R?
2011
Ave Fenix  Sort*Plant density + Sort * Openness75 + Age - 0.484 0.707
Sort*Openness75 + Age 11 0.465 0.696
Carrillo Sort + Openness75 - 0.350 0.451
Santa Rosa  Sort*Openness75 + Age + Plant density - 0.350 0.570
Sort + Age + Plant density 4.7 0.303 0.550
Sort*Openness75 + Age 9.3 0.201 0.589
2014
Ave Fenix  Sort * Age + Sort * Openness75 - 0.209 0.412
Sort * Openness75 12.3 0.199 0.422
Sort * Openness10 22.6 0.173 0.432
La Torre Sort * Plant density + Sort * Openness10 - 0.449 0.775
Santa Rosa  Sort * Age + Sort * Openness10 - 0.160 0.439
Sort * Plant density + Sort * Openness10 16.5 0.169 0.434
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10.1 Abstract

Coffee is traditionally grown in agroforestry systems. Shade trees in the coffee plantations
provide important ecosystem services, and their timber may also be a good source of
income for coffee growers. However, key information on the value of timber contained
in shade trees and its potential contribution to the economy of the coffee growers based
on empirical data is lacking. Here, we estimate the income that could be obtained from
shade trees and determine the extent to which the timber from the shade trees may
substitute income from coffee under different coffee price and yield scenarios. We used
timber volume and annual tree growth data from shade trees collected in four coffee
plantations with different shade tree species composition located at the foothills of the
Peruvian Andes. To estimate marketable timber volume in standing trees, we developed
allometric equations, which were previously lacking. Our results showed that the value
of the timber stored in shade trees varied significantly. It represented only 2% (the lowest
relative value) of the annual income from coffee production in the coffee plantation
dominated by native Inga spp. trees in years with maximum coffee prices but it was
considerably higher in the coffee plantation with non-native Pinus spp. and Eucalyptus
spp. tree where it reached up to 72% in years with minimum coffee prices and yield. The
economic value of annual timber production of shade trees was negligible in all scenarios.
It is evident that shade trees may be a good economic reserve for coffee growers
especially in years of low coffee prices but only when non-native tree species are planted.
However, using individual-tree data we also found that the relatively rare native shade
tree Retrophyllum rospigliosii had much higher timber value compared with that of non-

native tree species. This result suggests that using native tree species with high timber
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value as shade trees instead of commonly planted exotic species may increase economic
income of coffee growers as well as is likely to support ecosystem services provided by

the shade tree layer in coffee plantations.

10.2 Key words

Agroforestry system, allometric equations, Eucalyptus, Inga, Pinus, Peru

10.3 Introduction

Agroforestry is widely considered as a potential way of improving socioeconomic and
environmental sustainability in developing countries (Jiménez-Avila and Martinez, 1979;
Barradas and Fanjul, 1984; Beer, 1987; Garrett et al., 2000; Alavalapati and Nair, 2001;
Nair, 2001). Shade trees in agroforestry systems serve as a source of wood and firewood
(Rice, 2008). This contributes to the growing demand for wood products in domestic
markets of developing countries, and it may offer significant economic opportunities for
small-scale agroforestry producers (Scherr, 2004). Agroforestry also helps to reduce
emissions from deforestation and forest degradation (REDD) by serving as a source of
wood and firewood, and this has high global importance (Paris agreement 2015). In
addition to wood and firewood, shade trees provide a variety of products, such as fibre,
foot, and medicinal products, as well as oil and gum, and play a critical role in meeting

the basic needs of the local population (Nair, 1993).

Coffee is one of the key traded commodities for developing countries (ICO 2003), and its
cultivation in agroforestry systems represents the potential to diversify production and
thereby, incomes of coffee growers (Rice, 2008). Coffee prices in the international market
are highly unstable (Fig. 1), which causes socio-economic problems for local coffee
growers (Daviron and Ponte, 2005; ICO, 2003). The major factors that have caused
drastic changes in coffee prices in previous years (well demonstrated in Fig. 1) include
the occurrence of frost in the production areas of Brazil in 1994, plummeting stocks in
1997 (Wintgens, 2012) and increased coffee production in 2012. Coffee is the primary
agro-exportation product in Peru and positions this country among the world’s largest
coffee producers (Méndez et al., 2015). Moreover, coffee production continues to
increase in this country (JNC, 2013; ICO, 2015). Approximately 63% of Peruvian coffee

plantations are owned by small-scale farmers, and the size of the plantations is less than
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10 ha (Cuadras, 2006), which results in high vulnerability to the instability in coffee

prices.

Timber from shade trees may serve as an additional income for local coffee producers
and may help to offset the fluctuation in farm income due to varying coffee production
and prices. On the basis of a questionnaire survey, Rice (2008) assumed that in Peruvian
smallholder coffee plantations, 28.5 + 1.87% of the total income originated from shade-
derived sources and in Guatemalan plantations, shade-derived income represented 18.77
+ 2.08% of the total value. However, an evaluation of the extent to which the timber
production contributes to the economy of coffee producers based on field measurement
is still lacking. To estimate the potential timber value stored in the coffee plantations,
allometric equations, which can be used to easily calculate the timber volume of standing
shade trees, are crucial but are generally lacking. Generalized biomass prediction
equations have been developed for tropical species (Chave et al., 2005), but the majority
of equations serve to calculate total tree biomass mainly for carbon storage estimation;

therefore, they cannot be used to calculate the volume of marketable timber.

Prices paid to growers (in USD/Kg)

Brazil

- e == Pery — - =Ecuador = eecees Colombia

Fig. 1. Prices paid to coffee growers in USD/kg in Peru and neighboring countries from 1990 to 2013
(ICO, 2015). Prices of Peruvian coffee for the period 2006-2013 were calculated from Group
indicator prices (ICO, 2015) and verified by coffee growers in Villa Rica and Tingo Maria.
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Economic considerations are among the most important factors that determine the
ultimate value and feasibility of agroforestry for the land user. However, the great
majority of agroforestry research has concentrated on the biological and physical factors
that affect productivity (Nair, 1993), but information on shade tree timber production and
its economic value, the key aspects of agroforestry systems, is still lacking. Therefore;
the main goals of this paper was to estimate the timber value of shade trees and the extent
to which the income from the shade tree timber may contribute to the economy of coffee
producers under different coffee price and production scenarios. Specifically, we aimed
to estimate timber volumes and the annual timber production of the shade trees and to
recalculate these timber volumes as the real economic value that farmers were able to
realize in local markets. In addition, to be able asses the timber volume of standing trees,
we developed allometric equations for the studied species based on easily measurable
stem diameter, which can serve to quick but precise estimation of timber in shade trees.
We used data from four fully-sensed coffee plantations dominantly shaded by commonly
used shade tree species: native Inga spp. (hereinafter Inga), non-native Eucalyptus spp.
(hereinafter Eucalyptus) and Pinus spp. (hereinafter Pinus) as well as prices paid for the

timber by local saw-mills.

10.4 Materials and methods
10.4.1Study area description

This study was conducted in the Villa Rica district, Pasco region, Peru. The average
annual rainfall in this tropical humid mountain forest zone is 1,590 mm, and the average
annual temperature is 17.8 °C (Ponce, 2008). The soils, which are classified as dystric
Cambisols (Brack, 2012; Michéli et al. 2006), have low structural stability. The Villa Rica
district is one of the most important coffee production areas in Peru due to its landscape,
which is characterized by shaded coffee plantations with some cattle farming. Four coffee
agroforestry plantations with different dominant shade tree species were selected near
Villa Rica town: Avé Fénix (dominated by Inga), Santa Rosa (dominated by Pinus), La
Torre and Carillo (both dominated by Eucalyptus). The characteristics and locations of
the studied plantations are shown in Table 1 and Fig. 2. The shade trees in these
plantations are typically planted at the same time as the coffee shrubs, are removed after

15-20 years and are then replaced by new trees.

121



EHRENBERGEROVA, L., SEPTUNOVA, Z., HABROVA, H., PUERTA TUESTA, R.H., MATULA,
R. Shade tree timber as a source of income diversification in agroforestry coffee plantations.
Agriculture Ecosystems and Environment. Submitted 2016

Table 1 Selected plantations, their location (UTM coordinates), area (ha), mean altitude (m a.s.l.),
dominant tree species and age (years). (UTM - Universal Transverse Mercator, m as.l. —
metres above sea level).

Altitud Dominant tree  Average

Plantation Site name X Y Area .

e species age
Santa Rosa Pinus 471531 8809929 3.98 1540 Pinus 15
La Torre Eucalyptus | 469052 8811679 0.85 1530 Eucalyptus 11
Ave Fénix  Inga 475784 8808864 7.37 1550 Inga 15
Carillo Eucalyptus Il 471882 8816212 0.96 1660 Eucalyptus 7

VILLARICADISTRICT

Carrillo
[

La Torre
.

° Ave.Fénix
Santa Rosa

O Kms
0 300

Fig. 2. Location of the studied plantations

10.4.2Tree measurement and allometric equations
Diameter at breast height (DBH) and total height were measured, and shade tree species
were identified for all trees with DBH >10 cm in all studied plantations. The DBH

measurements were then repeated two years after the initial measurements.

The stem diameter at 6 different heights of 258 standing trees of Pinus, Eucalyptus and
Retrophyllum was measured for to calculate stem volume. Applying a non-destructive
method, stem diameter at the first three heights (0.3 m, 1.3 m and 1.8 m) was measured
mechanically using callipers, and stem diameter at the other three heights was measured

by remote diameter measurement using FieldMap (Jilové u Prahy, Czech Republic)
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technology (these heights were as follows: half of the distance between the ground and
the tree crown, at the base of the tree crown and at the top of the tree). The stem diameters
from the 6 different heights were used to calculate the stem biomass, using FieldMap

software which is based on calculation developed by Cerny and Patez (2005).

The stem volume was estimated from the model profile based on the equation of Riemer
et al. (1995), which is:

(i_ijel.ip o
d.&: =2 I—‘i‘(&_-’.](l—] ! )-{- 2 e P _ e gh

l_ep{l.S—H] l_eq[lj—H] €

where dh is stem diameter at height h, H is the total height of the tree, d1.3is DBH, and i,
p, g are model parameters. Specifically, i is the common asymptote for the bottom and
top part of the stem, and p characterizes the bottom part and g characterizes the top part

of the stem.

To calculate the usable timber volume for trees that were not measured at the 6 heights,
we developed species-specific as well as general allometric equations, where the
commercial stem volume was predicted using either DBH or total height. A visual
evaluation of the plotted data suggested that they followed either the power law or
Gompertz or logistic functional forms, which were fitted to the data and compared. The
formulas used for the models were:

a) Power law: y = a*x*b

b) Gompertz: y = a*exp(-b*c”x)

c) Logistic: y = a/(1+exp(b-x)/c)

where y is the usable stem volume, x is the value of the given parameter (DBH or height),
and a, b and c are the model coefficients. The models were created and tested for both the
individual species (species-specific models) and for the pooled data (general models).
Because there was apparent heteroscedasticity in the majority of the data, we used
generalized non-linear models (GNLMSs). The best models (species-specific and general)
were selected based on the lowest AIC and highest R2 values. All analyses were

performed in R [27] using the “nlme” package [28]. Model selection, fitting and
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evaluation followed the recommended procedures and R script reported by Paine et al.
(2012).

Using the equations of the best models, we calculated the commercial timber volume of
individual trees and then summed these values for each plantation to obtain the total
timber stock per plantation. Species-specific allometric equations were used when
possible, but for those for which species-specific models were not available, we
calculated timber volume using the general model equation. The difference in the total
volume between the studied years was the annual timber production. To calculate the total
timber value, this timber stock was standardized per unit hectare and multiplied by the

local timber prices.

10.4.3 Wood and coffee prices

To assess the real income that a farmer would receive from selling shade tree timber, we
determined the timber prices paid to local farmers by the sawmills nearest to Villa Rica
town (Table 2). The common practice is that farmers sell standing trees to the sawmill,
and the sawmill performs the extraction and other wood treatments; therefore, the price
multiplied by the volume of timber sold is the real gain realized by the coffee growers.

Table 2 Timber prices in Villa Rica town. Prices are indicated for the cubic metres (m?) of standing

trees. Sources: personal communication with lvan La Torre, Villa Rica, Selena Contreras (Santa
Rosa plantation, Villa Rica), Rianne van der Bom (NGO Amazonas, Villa Rica).

Maximum prices of timber Minimum prices of timber

Species

wood (USD/ mq) wood (USD/ m?)
Pinus 5.61 4.49
Eucalyptus 5.61 3.36
Retrophyllum rospigliosii 11.21 11.21

To compare incomes from shade trees with incomes from coffee yield, we surveyed
coffee bean production and the relevant selling prices. Due to high variability in coffee
prices (Fig. 2), we calculated the incomes from coffee production for three price
scenarios: minimum, maximum and average coffee price (Table 3). In addition, we used
minimum, maximum and average coffee yields from the studied plantations reported by
farmers (Table 3). For all calculations, we used the exchange rate: 1 USD (United States
dollar) = 3.15 PEN (Peruvien sol). We did not use the costs of coffee management in our

calculations because we considered the income from the timber of shade trees as
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a possible means to replace non-stable income from coffee. We assumed that the costs of

coffee management are stable.

Table 3 Coffee prices (USD per kg) and yields (kg per ha), which were used in the calculations.
Sources: personal communication with Selena Contreras (Santa Rosa plantation, Villa Rica) and
Rianne van der Bom (NGO Amazonas, Villa Rica) and dara from cooperativa Divisoria, Tingo
Maria.

Minimum Average Maximum
Coffee price 0.65 (2002) 3.43 (2014) 4.98 (2011)
Coffee yield 920 1,465 1,840

10.5 Results

10.5.1Timber volume allometric equations

The models for stem volume estimation using DBH as a predictor were superior to the
models with height as a predictor (AAIC> 22.1). Among the models that used DBH, the
power law was the best functional form for Retrophyllum and Pinus, whereas
a 3-parameter logistic model was the best for Eucalyptus and other species. The selected

models proved to predict precisely the volume of stem timber (Table 4).

Table 4 The best models for stem volume prediction for each of the most frequent tree species and a
general model for all other species.

Model Coefficients

1 2
Species Model a b . R
Eucalyptus sp.  Logistic 6.13 517.76 102.85 0.92
Pinus sp. Power law 1.53E-07 0.08 - 0.95
Retrophyllum  Power law 3.97E-07 0.05 - 0.97
Others Logistic 6.40 550.09 107.49 0.91

10.5.2Economic evaluation of individual trees

Pinus, Eucalyptus and Retrophyllum had similar mean volume per individual tree, i.e.,
approximately 1 m®, whereas the mean tree volume of Inga was slightly lower (Table 5).
The absolute annual timber increment was highest for Eucalyptus followed by
Retrophyllum (Table 5). Inga had the lowest timber increment (absolute and relative) of
all species. Due to the comparatively higher timber price of Retrophyllum, the value of
its individual trees was almost double the value of the other species. In addition,

Eucalyptus trees had a slightly higher value than Pinus trees (Table 5).
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Table 5 Mean characteristics and economic evaluation of individual trees: mean timber volume (m3
per tree); mean annual timber increment (dm? per tree); unit price (USD per m®) and mean tree price
(USD).

) Mean timber  Mean annual timber Unit Mean tree
Species ] ] ]
volume increment price price
Eucalyptus 1.07a 89.25a 5.65 6.07
Pinus 0.97a 57.96b 5.65 5.49
Retrophyllum rospigliosii 1.02a 82.24c 11.30 11.54
Inga 0.80b 40.5d - not traded

10.5.3Economic evaluation of plantations

We found large differences in growers’ income from coffee among the different yield-
price scenarios. The income from coffee was 15 times lower in the year with minimum
price and yield than in the year with maximum yield and price. The volume of usable
timber varied widely, with the lowest value for the Inga site and the highest for the
Eucalyptus site (Table 6). The annual increment of usable timber followed the variation
in total timber volume, ranging from 1.75 m®ha to 48.10 m®ha’. The Inga site had the
lowest price for commercial wood per ha due to the low volume of marketable timber.
The Eucalyptus | site, which was dominated by 15-year-old Eucalyptus, had the highest
price (Tab. 6).

Table 6 Characteristics and economic evaluation of plantations (min —minimum timber price; max —
maximum coffee price).

Shade tree  Timber Price Value of Timber volume Value of timber

Site density volume timber increment increment
Number/ha  m%ha usD USD/ha m3/halyear USD/ha
min 82 4
Inga 176 50.8 1.7
max 92 4
min 1151 66
Eucalyptus II. 472 407.3 23.6
max 1908 110
min 539 52
Pinus 124 113.1 10.9
max 677 66
min 1546 145
Eucalyptus I. 209 635.9 48.1
max 2599 244
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The value of annual timber production was low in comparison with the income from
coffee production (Fig. 3). This ratio was highest for the Pinus site (30%) where the
minimum coffee price and yield values were used, but even under this scenario, the value
was only 2.8% for the Inga site. The value of total timber volume was high in comparison
with the value of coffee production under the lowest coffee price and yield scenario (at
the Eucalyptus | site, the timber value represented 72% of the total income), but under
the scenario of maximum coffee price and yield, the potential income from timber for all
studied plantations represented the lowest proportion of total income, generally lower
than 14% (Fig. 4).

100%

80%

60%
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Fig. 3. Percent contribution of the annual income from timber wood and coffee for the studied
plantations using the following data: A average coffee price and yield; B minimum coffee price and
yield; C maximum coffee price and yield. The maximum price was used for the timber wood.
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Fig. 4. Percentage contribution of the timber wood income and annual coffee income for the studied
plantations using the following data: A average coffee price and yield; B minimum coffee price and
yield; C maximum coffee price and yield. The maximum price of timber wood was used.
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10.6 Discussion

There are various types of motivation for growers to change a monoculture coffee
plantation to an agroforestry system, and the vision of an economic benefit is one type of
motivation. Our study demonstrated that the contribution of annual timber production
from shade trees to the total income of coffee farms may vary significantly due to high
variation in coffee prices and yield; however, for most of the coffee price/yield scenarios,
this contribution was negligible. Only under a scenario of low coffee price combined with
low coffee bean yield and plantations with Pinus or Eucalyptus does the annual timber
produced by shade trees represent a significant proportion (30% or 25%) of farmers’
income. Even if the coffee price and yield were minimum, the annual value of Inga timber
was only 5% and for average coffee price and yield, it was only 0.6%. Similarly, Rice
(2008) found that in Peruvian smallholder coffee plantations, shade tree timber only
generated 1.7% of farmers’ total income (the remainder of the income was generated by
coffee, fuelwood, fruit and animals), and in Guatemala it was even less — 1.1%.
Hernandez et al. (1997) also mentioned that without considering the possibility of
negative effects on the environment, it is better for large producers to grow coffee in
plantations without shade, but for small growers with limited capacity, agroforestry

systems are the best alternative.

Even if the annual increase in timber value is not significant in most cases, the income
from shade tree timber is relatively high when the value of the total timber volume of
shade trees is compared with the annual coffee production value. In fact, this represents
a real case scenario because trees are usually harvested at the same time. The relatively
high value of timber stored in shade trees means that shade trees represent an especially
good alternative source of income when coffee prices and/or yields are low. However,
after the trees are harvested, the plantations do not have shade, and there are costs
associated with replanting the shade trees. On the other hand, our study probably
overestimates the income and thus contribution of coffee to total income because our
analyses only included the value of the coffee beans produced and not coffee plant
management and collection. Therefore, these values do not represent the net income of
the farmers. In addition, we did not evaluate the potential indirect income from firewood
because it is not traded in the study region. It is, however, used for cooking, which

decreases the energy costs of farmers.
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The relatively high value stored in shade trees that we found in some of the coffee
plantations agrees with Peeters (2003), who stated that the value of shade tree timber in
terms of traditional shade vegetation is considerable because it serves as a constant and
free source of construction material as well as an economic reserve. In addition, shade
trees also provide environmental and socioeconomic benefits to growers (Rice 2008).
However, our study demonstrated that non-native shade tree species such as Eucalyptus
and Pinus have higher economic value than most native species, which are likely to be
more beneficial for local ecosystems. The exception was Retrophyllum, a species native
to Peru. The value of its timber is much higher than that of the other species. Therefore,
it is a potentially good shade tree species for coffee plantations in Peru and may provide

both good income as well as ecosystem services.

Tree density determines timber volume and therefore the commercial value stored in the
shade trees. In previous studies, the shade tree density varied between 16-278 trees per
ha (Dossa et al., 2007; Soto Pinto et al., 2000; Siles et al., 2009; Hergoulac’h et al., 2012;
Hager, 2012; Lin, 2007; Rice, 2008), which is comparable to our studied plantations
except for the Eucalyptus Il plantation that had 472 trees per ha, but these trees were
young. The relationships between tree density and timber volume in our study are in line
with Hernandez et al. (1997), who found that 100 and 300 shade trees of Cordia alliodora
contained 132 and 267 m®ha*, respectively, of timber. However, Peeters et al. (2003)
reported that coffee plantations with 176 and 277 Inga trees per ha only contained 2.7 and
29 m*ha'l, respectively, of timber, which is much less than in our study and the study of
Hernandez et al. Such low timber volumes in comparison with given tree densities appear
to be an underestimate, which may have been due to the young age of the measured trees
or to the fact that species- or site-specific allometric equations were not used for volume

calculations.

Our study clearly demonstrated that the income from timber wood cannot replace the
income from coffee. However, it also showed that non-native Eucalyptus shade trees
resulted in the highest annual yield and total commercial timber value, but native and
relatively rare Retrophyllum trees had comparable yield and much higher timber value.
There may also be other native species with good growth and high timber value that may

provide both high economic yield as well as have positive effects on the ecosystem.
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Because agroforestry does not provide growers with sufficient income from timber wood,
there is a need for financial motivation and support for agroforestry plantations. This was
proposed by Gobbi (2000), who suggested incentives for certified biodiversity-friendly
coffee plantations, such as tax relief, payment for environmental services, and soft credits,
which could help make the investment more attractive. These financial mechanisms
should also promote the use of native tree species as shade trees, which, as we showed,
may provide even higher profit than common non-native trees. However, further research

on the large-scale production and growing of these native trees is crucially needed.
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11 Celkovy zavér

Agrolesnické systémy hraji zv1asté dilezitou roli ve vazani uhliku v tropickych oblastech,
kde doslo v poslednim stoleti k drastickému ubytku ptvodnich lesnich ekosystémd.
Mnozstvi vazaného uhliku na kavovych plantazich zavisi na typu plantaze (agrolesnicka
nebo monokulturni) a dale na druzich pouzitych jako stinici dfeviny, pokud je plantaz
péstovana v zastinu. V predlozené praci byly sledovéany tfi agrolesnické plantdze
S riznymi druhy dominantnich stinicich dievin a ¢ast plantdze Ave Fénix bez zéstinu.
Celkové mnozstvi vazaného uhliku (v nadzemni biomase kdvovniki a stinicich dievin
s DBH > 100 mm, v opadu, Vv kofenech stinicich dfevin a v padé do hloubky 300 mm)
bylo na sledovanych stanovistich nasledujici: stanovisté¢ s dominanci dfevin Inga spp.
(Ave Fénix 1): 119,9 £ 19,5 Mg C ha'?, stanovisté bez zastinu (Ave Fénix 2): 99,7 + 17,2
Mg C hal, stanoviité zastinéné pievazné druhy rodu Pinus (Santa Rosa): 177,5 + 14,1
Mg C ha a stanoviité, kde dominovaly druhy rodu Eucalyptus (Carrillo): 162,3 = 18,2
Mg C hal. Z méfeni vyplyva, ze introdukované dieviny (Pinus spp. a Eucalyptus spp.)
vazou vice uhliku, nezli ptivodni druhy reprezentované pii tomto méteni rodem Inga spp.
Je nutné si uvédomit, ze se sice introdukované dieviny jevi jako nejvyhodnéjsi z hlediska
vazani uhliku, ale stale se s jejich pouzitim spojuji i mozné negativni dopady. Z tohoto
divodu by se mély programy na podporu vazani uhliku zaméfit nejen na jeho mnozstvi,
ale i na dalsi ukazatele, jako je naptiklad biodiverzita, irodnost pudy, hydrické vlastnosti
a vyskyt chorob kavovniku. Pokud se zamé&fime na prostorové rozlozeni uhliku na
plantaZich, zjistime, Ze nejvice uhliku bylo vazano v padé (57 az 99 %), nasledovala
nadzemni biomasa stinicich dfevin (23-32 %), podzemni biomasa stinicich dfevin (8-
9 %), biomasa kavovniku (0,2-2 %) a opad (1 %). Vysledky této studie mohou byt
zobecnény pro agrolesnické kavoveé plantaze, kde je kavovnik péstovan ve srovnatelné
nadmoiské vySce a na podobnych pidnich podminkach. Zjisténi predlozeného méteni lze
vyuzit pro zapojeni agrolesnickych kavovych plantdzi napiiklad do projekti REDD+.
Zv1aste by mély byt programy na podporu vazani uhliku zaméteny na motivaci piechodu

z monokulturnich agrolesnickych plantazi na plantdze agrolesnické.

Vzhledem k zna¢né obavé z negativnich dopadi zmény klimatu na zemédélskou produkci
Vv tropickych oblastech, je dllezZité zjistit, jak ovliviiuje zastin mikroklima na kdvovych
plantdZich. Z ndmi namé&fenych dat ze zastinéné a nezastinéné Casti plantaze Ave Fénix

vyplyva, Ze stinici dfeviny udrzuji nizsi teplotu vzduchu a pudy a vyssi vlhkost stanovisté
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oproti nezastinénym plantazim. Po celou dobu méfeni byla primérnd mési¢ni teplota
vzduchu niz$i na zastinéné plose 0 0,4 + 0,04°C oproti plose zastinéné a vihkost vzduchu
vyssi o 3,9 £ 0,4 %. Pida méla také niz$i primérnou mésicni teplotu na zastinéné plose
0 1,7 £ 0,3°C. V zastinu byly denni vykyvy v chodu teploty vzduchu a pudy a vlhkosti
vzduchu mirngjsi. Pidni vodni potencial vykazoval sussi podminky na zastinéné plose
oproti ploSe bez zastinu. BEhem méteni zacinalo obdobi sucha diive a koncilo pozd¢ji na
zastinénych plochach, coz miize byt zpiisobeno kompetici o vodu mezi stinicimi
dfevinami a kadvovnikem. V horni vrstvé pidy (hloubka 100 mm) bylo stanovisté sussi na
nezastinéné plose a naopak na zastinéné plose, bylo stanovisté sussi ve vétsi hloubce
(400 mm). Tyto vysledky se daji interpretovat tak, ze dieviny si konkuruji s kavovnikem
o vodu ve vétSich hloubkach pidy, kdezto horni vrstvy jsou zastinem chranény proti
nadmérnému vysousSeni, které se projevovalo v hornich vrstvach plidy na nezastinéné
plose. Celkové vysledky mikroklimatickych méfeni na agrolesnické kavové plantazi Ave
Fénix naznacuji, ze stinici dfeviny pomahaji kavovniku na mistech, kde trpi klimatickymi
extrémy tim, ze zmiriuji denni vykyvy teploty (vzduchu a pudy) a vihkosti vzduchu. Tato
skute€nost je velmi dilezitd, nebot’ agrolesnické systémy takto mohou pomoci kavovniku
vyrovnat se s klimatickymi extrémy. Na druhou stranu vysledky nasi studie také ukazuji,
ze zejména v susSich obdobich roku, si mize kdvovnik se stinicimi dfevinami konkurovat

0 vodu.

Kavova rez (Hemileia vastarix) je jednou z nejobavanéjSich chorob kavovniku
vyskytujici se na vSech uzemich, kde je kavovnik péstovan. Problémy péstiteld kavy
s kavovou rzi na plantdZich v okoli mésteCka Villa Rica, vedly autorku k provedeni
vyzkumu zavislosti vyskytu kavové rzi na riznych faktorech. Z vysledk méteni vyplyva,
dvou odrid kavovniku (‘Catimor® a ‘Caturra‘) odolavala nejlépe kavové rzi odrida
‘Catimor*. Dal§im dalezitym faktorem ovliviiujicim nemocnost byl veék kavovniku, kdy
s rostoucim vékem roste pravdépodobnost vyskytu této choroby. Ve zhruba dvacatém
roce stafi kavovniku prudce roste vyskyt Hemilia vastarix u obou sledovanych odrud, a
proto je péstitelim doporuceno zacit s obnovou plantazi mezi 15. az 20. rokem stafi
kavovniki. I pfesto, ze jednim z cili vyzkumu bylo objasnit roli zastinu na vyskyt kavové
rzi, jeho role nevyplynula z provedenych studii prilis jasn€. Vysledky se lisily v zavislosti
na plantazich i na sezoné. Jisty trend v nemocnosti se dal vypozorovat, pokud se od sebe

4

oddgélily vysledky pro mé&feni openess 10° a 75°. Pii uzsim vyseku hemisférické fotografie
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(10°) byl efekt zastinu statisticky vyznamny pro obdobi desti (méteni z roku 2014) a pii
SirSim zabéru hemisfériké fotografie (75°) byl efekt zastinu statisticky vyznamny pro
obdobi sucha (méfeni z roku 2011). Navic se z vysledki efektu zastinu na vyskyt kavové
rzi zda, Ze u odridy ‘Catimor‘ se zvySujicim se zastinem nemocnost roste a naopak u
odridy ‘Caturra® se zvySujicim se zastinem nemocnost klesa. Zjisténi, ze zastin
nepodporuje vyskyt kavové rzi na sledovanych plantazich je dilezité zejména proto, ze
jednim z argumentii proti péstovani kavovniku Vv agrolesnickych systémech, je vétsi
pravdépodobnost vyskytu této choroby se zvySujicim se zastinem. Se zvySujici se
hustotou vysadby se zvySovala pravdépodobnost onemocnéni kdvovou rzi ve vétsSing
sledovanych kombinaci sezéna/odriida/plantaz. Vliv piidy na onemocnéni kdvovou rzi
nebyl prokazan. Prokazatelné byly sledované kédvovniky vice nemocné v obdobi destd

(méfeni z roku 2014), nezli v obdobi sucha (méfeni z roku 2011).

Existuji rizné motivace majitelt monokulturnich kavovych plantazi k tomu, aby ptesli
na agrolesnické systémy, a moznost piijmi z prodeje dieva je jednou z nich.
V ptedlozené praci byly porovnany agrolesnické kavové plantdZe s riznymi stinicimi
dfevinami za ucelem zjistit, jak vysoky mize byt piijem z prodeje dieva stinicich dievin
V porovnani s pifijmy z prodeje kdvy. PO srovndni moznych piijmt z prodeje dieva
S riznymi kombinacemi velikosti cen a sklizn€, jsme dosli k zavéru, ze druh stinici
dfeviny hraje vyznamnou roli. Nejniz$i finan¢ni hodnoceni mély plantdZze s dominanci
dievin rodu Inga, nejlepsi naopak plantaze, na kterych dominovaly druhy rodd Pinus
a Eucalyptus. Nejvice by se mohly podilet na pfijmech plantaze s dominujici stinici
dievinou Eucalyptus spp. v obdobi nizkych cen a nizké sklizné kavy, a to 72 %. Pokud se
podivame na mozny ro¢ni piijem z piiristh dfevin, tak zjistime, ze i v obdobi nizkych
cen a sklizné kavy je nejvétsi mozny piijem u stinicich dfevin Pinus spp., a to 30 %
z ptiymt za kavu. Uvedené vysledky ukazuji, Ze stinici dfeviny nemohou plné nahradit
kolisani cen kavovniku, ale mohou kratkodobé pomoci péstitelim vyrovnat se
s propadem cen. V kazdém piipad¢ je tieba hledat dal§i motivace, jako napiiklad platby
za environmentalni sluzby, certifikace pro plantaze, které jsou péstovany v souladu
ochrany ptirody a dal§i ekonomické néstroje, které mohou motivovat péstitele k pfechodu
na agrolesnické plantdze. DalSim dilezitym zjiSténim, byl fakt, Ze pivodni druh
Retrophyllum rospigliosii, ktery je v soucasné dob¢ zastoupen na plantazich jen v malych
poctech, mé vétsi objem dieva jednotlivych stromill a také prodejni cenu dieva nez

introdukované stinici dfeviny. Tento vysledek poukazuje na to, Ze je mozné pestovat i
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mistni druhy s vynosy srovnatelnymi nebo i vysS§imi nez maji introdukované dfeviny, a

navic tim podpofit biodiverzitu agrolesnickych plantazi.

Vysledky jednotlivych studii ukazuji, ze vliv rozdilnych typli zéstinu na vybrané
vlastnosti plantazi Coffea arabica je velmi ruznorody. Pii hodnoceni mnozstvi vazani
uhliku a pfijmi ze stinicich dfevin ve vztahu k agrolesnickym plantazim, byly nejlépe
hodnoceny plantaze zastinéné introdukovanymi dievinami Eucalyptus spp. a Pinus spp.
Vliv zastinu na mikroklima ve vztahu ke kavovniku lze hodnotit pozitivné 1 negativné,
zalezi na mnozstvi srazek v daném obdobi a dalSich atributech. Nejvice kontroverzni
téma, tedy vliv zastinu na vyskyt kdvové rzi, nebylo vyzkumem zcela objasnéno.
Vysledky vSak ukazuji, Ze zastin nezplisobuje jednoznacny nariist vyskytu kavové rzi, jak

deklarovaly nékteré starsi studie.
Z provedenych studii vyvstalo mnoho novych otazek pro dalsi vyzkum. Nejen

agrolesnické systémy s kavovnikem, ale i s dalSimi plodinami, jsou velmi vyznamnym

tématem a autorka by se mu rada vénovala i do budoucna.
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12 Summary

Agroforestry systems play an important role in fixing carbon in agricultural landscapes
that have lost their original forest cover. The amount of sequestered carbon depends on
the type of plantation (agroforestry or monoculture) and on the tree species used for
shading, if there is shade. This study investigated three coffee plantations with different
dominant shading trees, including Inga spp., Pinus spp. and Eucalyptus spp. These
agroforestry systems were also compared to a coffee plantation without shading trees.
The total carbon stock for the site dominated by Inga spp. was 119.9 + 19.5 Mg ha,
while for the sites dominated by Pinus spp. it was 177.5 = 14.1 Mg ha™ and for the site
dominated by Eucalyptus spp. it was 162.3 + 18.2 Mg ha™. In the Sun coffee site the
ecosystem carbon stock was 99.7 + 17.2 Mg ha. Most carbon was fixed in the soil
compartment (57-99 %), followed by aboveground tree biomass (23-32 %), tree
belowground biomass (8-9 %), coffee shrubs (0.2-2 %) and litter (1 %). The results
should be generally applicable to agroforestry coffee plantations with organic
certification, where the coffee is grown at a comparable altitude, in a similar climate and
with comparable soil conditions. The carbon sequestration potential can also be

considered in REDD+ programs in which Peru could participate.

There is substantial concern about the impacts of climate change on agricultural
production in the tropics. It is important to find out how shade affects the microclimatic
conditions in the coffee plantations. Our measurement shows that shading reduced the
mean air temperatures by 0.4 +0.04 °C and increased the air humidity by 3.9 + 0.4 %
compared to the non-shaded site. Soil temperature was lower on the shaded site
by 1.7 + 0.3 °C compared to the non-shaded site. The daily fluctuations of air and soil
temperatures were lower on shaded site. We recorded drier soil conditions at the shaded
site, where the dry season (defined in terms of soil water availability) always started
earlier and lasted longer. We believe that in our study, the reason that the dry season
always started earlier and lasted longer at the shaded site is that shade tree roots exhausted
asignificant part of the soil water during the dry season. This would suggest that the shade
trees had a competitive effect on the coffee plants in terms of water availability.
Moreover, at the non-shaded site, the soil was drier at the depth of 200 mm, while at the
shaded site the soil at 400 mm was drier. These may be explained by the non-shaded site

being dried more by the sun whereas the shaded site was dried more by tree roots. Our
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results showed that shaded trees can protect crops in areas subjected to temperature
climate extremes. On the other hand, the high air humidity during the wet season could

be problematic because of the increased risk of coffee shrub fungal diseases.

Coffee leaf rusts (CLR), caused by Hemileia vastarix, is one of the most serious diseases
of coffee plantations and cause great losses in coffee production. The problems with CLR
in plantations around the Villa Rica village lead the author to evaluate the investigation
about the dependence of different factors to CLR incidence. At all plantations, coffee
variety had a significant effect on CLR incidence, with the ‘Catimor* variety infected less
frequently than ‘Caturra‘. Coffee plant age had a significant positive effect on CLR
incidence. Increasing coffee density also increased CLR incidence for some of the studied
plantations/seasons. Comparing those plots from which data were collected in the dry and
wet seasons, we found that CLR presence was significantly higher in the wet season. The
effect of shade on CLR incidence was not clear. ‘Catimor* and ‘Caturra‘ varieties showed
opposite trends of CLR incidence in response to shade quantity in most cases (‘Caturra‘
variety CLR incidence was decreasing with shading increase and ‘Catimor® CLR
incidence decreasing with decreasing shading). Canopy openness 10° had effect on CLR
incidence only in the wet season, and canopy openness 75° had effect on CLR incidence
in the dry season. The conversion of agroforestry to monoculture plantations is not
recommended as a way to reduce the CLR presence, as the relationship between the
amount of shade and the CLR presence remains unclear, and, moreover, such a transition
would result in loss of the various benefits provided by agroforestry. Finally, the soil

properties did not affect CLR incidence.

There are various types of motivation of coffee growers to change a monoculture coffee
plantation to an agroforestry system, and the vision of an economic benefit is one type
them. Here, we estimated the incomes that could be obtained from shade trees from
different types of agroforestry plantations and we determined the extent to which the
timber from the shade trees may substitute income from coffee under different coffee
price and yield scenarios. Our results showed that the value of the timber stored in shade
trees varied significantly. It represented only 2% (the lowest relative value) of the annual
income from coffee production in the coffee plantation dominated by native Inga spp.
trees in years with maximum coffee prices and yield. In the other hand it was considerably

higher in the coffee plantation with non-native Pinus spp. and Eucalyptus spp. Trees,
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where it reached up to 72% in years with minimum coffee prices and yield. The economic
value of annual timber production of shade trees was negligible in all scenarios and even
in the lowest price and yield scenarios it was just 30% of incomes from coffee (in Pinus
spp. dominated plantation). It is evident that shade trees may be a good economic reserve
for coffee growers especially in years of low coffee prices if non-native (Eucalyptus spp.
and Pinus spp.) tree species are planted. In each case agroforestry does not provide
growers with sufficient income from timber wood, there is a need for financial motivation
and support for agroforestry plantations. Using individual-tree data we also found that the
relatively rare native shade tree Retrophyllum rospigliosii had much higher timber value
compared to that of non-native tree species. This result suggests that using native tree
species with high timber value as shade trees instead of exotic species may increase
economic income of coffee growers as well as is likely to support ecosystem services

provided by the shade tree layer in coffee plantations.

Results of presented study indicate, that the influence of different type of shade on
attributes of plantations of Coffea arabica vary a lot. When evaluating the carbon stock
and incomes form shade trees in agroforestry plantations, the plantations dominated by
non-native species Eucalyptus spp. and Pinus spp. were more advantageous. The
influence of shade to microclimate can be evaluated positively or negatively, depending
on rains in the given period and on other attributes. The most controversial theme, the
influence of shade on CLR incidence, was not exactly explained. However our results

show that there is no increase of CLR incidence with increasing shading.
There are many new questions obtained from the studies made in this thesis. Not just

coffee agroforestry systems, but agroforestry systems in general are very important theme
and the author wants to study it more in the future.
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13 Seznam pouzitych symboli, zkratek a pirevodni faktory

apod. a podobné

CLR Coffee Leaf Rust (rez kavova)

CO2 Oxid uhli¢ity

DBH pramér kmene ve vysce 1,3 m od povrchu zemé (vycetni vyska)
et al. a ostatni

FAO Food and Agriculture Organization

g gram; jednotka hmotnosti (1 000 g = 1 kg)

ha hektar; plo§na mira (1 ha = 10* m?)

ICRAF World Agroforestry Centre

!GA Interni Grantova Agentura MENDELU

in \'

kg kilogram; jednotka hmotnosti (1 kg = 1 000 g)
km kilometr; jednotka délky (1 km =1 000 m)

m metr; jednotka délky (1 m =1 000 mm)

mn. m. nadmoftska vySka (metrii nad mofem),

MENDELU Mendelova univerzita v Brné

Mg Megagram (castéji tuna) — jednotka hmotnosti, 1 000 kilogramui
mm milimetr; délkova mira (1 mm = 10 m) a mira srazek (1 mm =1 litr

vody na 1 m? plochy)

N dusik
napr. napftiklad
obr. Obrazek

POPRAR Projekt OP VK: Podpora praktickych kompetenci projekéni €innosti v

regionalnim rozvoji

tab. tabulka

USA Spojené staty americké

UTM Univerzalni transverzalni Mercatoriiv systém soufadnic

var. varieta

X (UTM) soufadnice y v univerzalnim Mercatorové systému soutadnic
Y (UTM) soufadnice y v univerzalnim Mercatorové systému soutadnic
°C stupeni Celsia

ot n

' stupeil, minuta, vtefina (zemépisné souiadnice)

% procento (1/100 celku)
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https://cs.wikipedia.org/wiki/Kilogram#Tuna
https://cs.wikipedia.org/wiki/Fyzik%C3%A1ln%C3%AD_jednotka
https://cs.wikipedia.org/wiki/Hmotnost
https://cs.wikipedia.org/wiki/Kilogram

14 Fotografické a obrazkové prilohy

Obr. I.
Obr. II.
Obr. 111,
Obr. V.
Obr. V.
Obr. VI.
Obr. VII.

Obr. VIII.

Obr. IX.

Mg¢teni s technologii Field Map na plantazi Ave Fénix

Mg¢teni s technologii Field Map na plantazi Ave Fénix

Odbér ptudnich vzorkt na plantazi Ave Fénix

Opakované méfeni vySek na plantazi Santa Rosa

Stahovani dat z pfistroje Minikin

Stahovani dat z ptidnich ¢idel MicroLog na plantdzi Ave Fénix
Meéieni stinicich dfevin na plantazi La Torre

Instalace informa¢ni tabule o vyzkumu agrolesnickych kavovych
plantazich v okoli Villa Rica

Rodokmen kavovniku
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Obr. I. Méfeni s technologii Field Map na Obr. II. Méfeni s technologii Field Map na
plantazi Ave Fénix. plantazi Ave Fénix.

Obr. 111. Odbér pidnich vzorkii na plantazi Ave Fénix.
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Obr. IV. Opakované méfeni vySek na plantazi Obr. V. Stahovani dat z pristroje Minikin.
Santa Rosa.

v v \

Obr. VI. Stahovani dat z pidnich ¢idel MicroLog na plantazi Ave Fénix.
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Obr. VII. Méfeni stinicich dfevin na plantaZi La Torre.

gro-Fores ta

A
Parcela de Investigacion Field Map

de Café con Tecnologia

e,

2. MAP
14 GeoSolutions

Obr. VIII. Instalace informacni tabule o vyzkumu agrolesnickych kavovych plantazich v okoli Villa
Rica u p¥iloZitosti §koleni mistnich studentii a ukdzce vyzkumnych ploch pani Zuzané Septunové. Na
fotografii je také zastupce firmy Map Geosolution, Jorge Mattos a vedouci neziskové organizace
ONG Amazonas Rianne Van der Bom.
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