Vodopad s jezirkem v pavilonu goril - Rezervace Dja
Waterfall with pond in gorila house - Dja Reserve

Foto/Photo Petr Hamernik
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Moderni svétové zoo (napf. San Diego) v posledni dobé preferuji koncept vytvareni ucelené podoby
prostredi, v némz zvifata ve své domoviné Ziji. Tato pravdivost se netykd jenom Zivocisné fise (kom-
binace nékolika chovanych druh(i), ale i fiSe rostlinné vcetné nezivé slozky prostiedi. | prazské zoo se
v poslednich letech podafilo vérné napodobit pfirodni biotopy v Rdkosové pavilonu (papousci) nebo
v Darwinové krateru (tasmanska fauna). Novy pavilon goril je vyslednici zkusenosti s témi predchozi-
mi. Unikatni architektonicka koncepce stavby a poZadavek na vérné ztvarnéni tropického destného
afrického lesa vyzadovalo pro zajisténi zakladnich Zivotnich podminek rostlin vyjimecnou technickou
vybavenost.

planting, origin plants, horticulture, gorilla house, zoo exhibit, Prague Zoo

Skladba pouZzitd v interiéru pavilonu goril pIné respektuje geografickou pfislusnost mista vyskytu goril
nizinnych v jejich domoviné v Kamerunu ¢i Kongu. Snazi se tak vytvofit ndvstévnikovi pravdivy obraz
pfitomnosti v africkém rovnikovém pralese.

V navstévnickém prostoru tvofi stromovou kostru vérné betonové imitace pralesnich velikan(
s typickymi listovitymi a chGidovitymi kofeny ukotvujici obrovskou hmotu drevin ve vihké pidé dest-
ného pralesa. Z zZivych strom0 zde spatfite predevsim fikusy Ficus lyrata s velkym kozovitymi listy ve
tvaru kytarového téla a Ficus cyathistipula s listy drobnéjsimi vejcitymi. Plody obou druhd se podobaji
fiktim, ale nevyuzivaji se k potravinovym GcelGim. Zivotni strategie téchto ,stromd” zacing v koruné
jinych drevin, kde fikusy spoustéji své koreny k zemi a tésné obepinaji hostitelskou rostlinu, az ji zcela
zaskrti. Odtud prameni lidovy ndzev strom skrti¢. Zvlastnosti z Zivocisné fise jsou stravovaci navyky
goril, které poZiraji listy téchto strom( i pres bily jedovaty latex, jenz je pfi poranéni vylu¢ovan jako
obrana proti bylozravclim. V zoologickych zahradach jsou listy fikust ¢asto zkrmovény.

Kefové patro zastupuje mnoho druhd. Nejvyraznéjsi z nich upouté svymi obfimi bananovymi lis-
ty a vzrlstem hodnym spise stromd nez bylin. Tim druhem je strelicie natalska (Strelitzia nicolai) ze
stejnojmenné Celedi. Na rozdil od strelicie krélovské (Strelitzia reginae), zndmé z kvétinafstvi svymi
papouscimi oranZovymi kvéty, tato kvete bile. Podobné, ale vyrazné mensi listy ma Marantochloa aff.
leucantha z Celedi marantovité (Maranthaceae). V Kamerunu a Kongu se pouziva v léCitelstvi, Zilnatina
ji fadi mezi pfadné rostliny a dlouhé fapiky v jeji domoviné napfiklad vyuZivaji k pleteni ko3ikd ci
rohozi.

Dalsi spiSe stromovitou bylinou je kapradina Cyathea sp. s vice jak metrovym kmenem. Posled-
ni zminénou kefovitou rostlinou je z kultury zndmy dracinec Dracaena deremensis. Prekvapivé i on
plvodné obyva tropické destné pralesy Afriky. Taktéz vzristnéjsi Brillantaisia owariensis z Celedi
paznehtnikovité (Acanthaceae) vykvétd i v pavilonu modrymi Salvéjovitymi kvéty. Lécitelé ji v Kongu
aplikuji napftiklad proti spavé nemoci nebo anémii.
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Az tfi metry dlouhé listy Strelitzia nicolai v boji s konkurenci tropické vegetace
Up to three metres long, the leaves of Strelitzia nicolai compete with tropical vegetation
Foto/Photo Tereza Mrhalkova

Stromové kapradiny rodu Cyathea vyvolavaji exotickou Pohled do interiéru trojského destného pralesa
atmosféru View of the Troja rainforest’s interior
Tree ferns of the genus Cyathea evoke an exotic
atmosphere
Foto/Photo Tereza Mrhalkové Foto/Photo Petr Hamernik
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Nejnizsi bylinny podrost zastupuji ¢asto jedovaté rostliny z ¢eledi arédnovitych, jako je Nephthytis
poissonii. Jeho strelovité listy po vétsinu roku dopliuji vyrazné plody Zlutooranzové barvy. | notoricky
zndma netykavka Impatiens balsaminea pouzivané do truhlikd nebo na letnickové zéhony pochazi
z temnych podrostl afrického pralesa. Typickou fytocenologickou dominantou stinnych podrostl
ve vsech vegetacnich pasmech zemékoule tvoii kapradorosty. Pro Rezervaci Dja byly vybrany druhy
zrodU Asplenium, Adiantum, Rumohra, Nephrolepis a druhy Chlorophytum comosum a C. orchidastrum.

VizudIni dusi dZzungle necini ani tak pralesni velikani jako spiSe neprostupné spletence lidn. Z cele-
di vstavacovitych (Orchidaceae) byl z edukacnich ddvod vybran rod Vanilla pochézejici také z tropic-
kého pasma Afriky. Jeho fermentované plody tvori vyznamnou hospodaiskou komoditu tropickych
oblasti. Zdalsich druh(i jmenujme dracinec $lahounovity (Dracaena surculosa) a blahokef Thomsonové
(Clerodendrum thomsoniae), které zvolily za kolonizacni strategii ovijivost svych stonkd na rozdil od zu-
menu okrouhlolistého (Cissus rotundifolia) z celedi révovitych (Vitaceae), jez vyuzivd metamorfované
palisty v podobé tponkii. Posledni jmenovany byl pro svoji nejedovatost vysazen i do ochozl samot-
nych vybéh krytych kovovou sitovinou. Proristajici vyhony motivuji k interakci guerézy plastikové
(Colobus guereza), jez je s oblibou okusuji.

Cetné srazky a teploty bez vyraznych vykyvd ¢ini z rovnikové Afriky atraktivni misto pro rdst
rostlin. Soupefeni o tak Zddané preplnéné misto vyhnalo mnoho rostlin blize k slunci, do korun stro-
md. Tyto rostliny nazyvame epifytickymi. Obzvlasté kapradiny se adaptovaly na Zivot bez pfimého
kontaktu s pldou. Vytvorily si ze svych listd jakési kornouty zachycujici destové srazky, organické
zbytky z tlejicich listd, ale i exkrementy Zivocich(, ktefi zde nachézeji pohodlny a bezpecny domov.
V rozsochach betonovych imitaci tropickych obfich stroml byly instalovany epifytické kapradiny
z rodU Platycerium (paroznatka) a Drynaria. Oba rody morfologicky determinuje heterofylie, kdy ste-
rilni listy, obepinajici hostitele (v neparazitickém smyslu), slouzi k retenci srazek a organickych zbytkd
a kryti korend. Listy fertilni, typické bohaté ¢lenitou ¢epeli, nesou generativni organy se sporami. Rost-
liny byly nainstalovany pfimo na torkretové stromy (tj. stromy vytvofené metodou stfikaného betonu)
nebo dievéné parkosy v tésném dosahu dopadu kapek roseni ze stropniho zavlahového systému.

Ustfednim motivem v navitévnické ¢asti je vodopad s malym dopadovym jezirkem obohaceny
o torkretové kapsy umoznujici kultivaci emerznich (bahennich) rostlin. Z nékolika zde vysazenych dru-
hl nutno upozornit na kapradinu Acrostichum aureum, jez obsazuje biotopy pobieznich zon véetné
mangrovnikovych porostu. Z toho plyne jeji vyjime¢na adaptace pro rist v brakickych vodach. Dru-
hou zajimavosti, spise morfologickou, je dvoutvarost listkii na jednom listé, kdy horni ¢ast ukrojkd
nese spory a spodni zajistuje pouze fotosyntézu. Tradi¢ni akvarijni druhy ve spodni nadrzi se stagnuijici
hladinou zastupuje jeden z nejvétsich druht rodu anubis Anubias gigantea z ¢eledi arénovitych (Ara-
ceae) se strelovitymi listy vystupujicimi nad hladinu.

Epifytni rod kapradiny rodu Drynaria s vyraznou heterofilii
The epiphytic fern genus Drynaria with distinct heterophily

Foto/Photo Tereza Mrhélkové
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Rod kapradin paroznatka (Platycerium) zvolil za ristovou strategii epifytismus v rozsochéach strom
The staghorn fern (Platycerium) genus uses epiphytism as a growth strategy in tree forks

Foto/Photo Tereza Mrhélkova

Technologie vertikalni zelené pomohla navodit iluzi priichodu vymletym fi¢nim korytem
Vertical growth technology helped create the illusion of passing through an eroded river corridor
Foto/Photo Tereza Mrhalkova
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Detail vegetacni stény v osazeni blizkém prirodni diverzité
Detail of the vegetation wall planted to be as close as possible to natural diversity
Foto/Photo Tereza Mrhalkova

Samostatné zminime technologii, jenZ se v mnoha technologickych variacich pouziva v urbanizova-
nych prostorech. Pro navozeni pocitu prichodu vymletym fi¢nim korytem, zardstajicim bujarou tro-
pickou zelen, se systém kaskadovité umisténych truhlikd se spodnim pfepadem vody v plose 46 m?
jevil jako nejpraktictéjsi. Tyto jednotlivé truhliky maji spodni komoru, ze které vzlinad pomoci knott
voda do substratu. Na okraji sloupce truhlik(i je prato¢na Sachta pro vodu, kterou dodévé kapkovaci
systémem z vrchu. Voda protece a naplni viechny komory, zbytek odchézi do pfepadu. Hladinu vody
v truhliku hlida jezdec, ktery Casto diky necistotam inklinuje k zaseknuti. Z tohoto divodu je nutna
Casta vizualni kontrola zahradniky. Pouzity sortiment rostlin v poctu 1 250 kus(i navazujici na okolni
vysadbu neni bézné pouzivan v zahradnické praxi, proto se i tato technologie ukazovala jako nej-
vhodnéjsi z hlediska snadné vymény v piipadé thynu konkrétnich jedincd. Optickou kostru pomohl
vytvofit kultivacné plasticky, ,neznicitelny” a dobfe znamy zelenec Chlorophytum comosum, oviem
v méné bézné prirodni nepanasované formé. Gracilnost dodaly kapradiny jiz zminéného bylinného
patra a barevnost vzacné a ndhodné probleskujici kvéty bélokvété netykavky Impatiens walleriana
a oranozovokvété begdnie Begonia sutherlandii. Prostorotvornou slozku v jinak ploché sténé zajistuiji
zakrslé kultivary dracince vonného (Draceana fragrans) a mladé sazenice fikusu Ficus cyathistipula.
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Jelikoz stiedni konstrukci pavilonu tvofi betonovy skelet (umoziujici zaloZeni rozsahlé extenzivni
zahrady) s nékolika malo svétliky, byla nutna instalace dopliikového umélého osvétleni. Nad zaho-
ny, véetné zelenych stén, visi celkem 28 kusd svitidel osazenych ledkovymi fadami o rliznych vino-
vych délkéch pro Ucinnou fotosyntézu (360-820 nm). DalSich 15 ks svitidel je umisténo tak, aby
saturovala podrostové skupiny. U zelenych stén jsou svitidla umisténa na rampé, ktera umoznuje
4 nastavitelné polohy. Zadéni vytvofit navstévnikim iluzi prdchodu zSefelym interiérem pralesa, kde
koruny tropickych velikdnd propoustéji pouze minimum svétla, znamenalo dotovat potfebnou in-
tenzitu pro fotosyntézu mimo navstévnickou dobu - tedy béhem noci. Zde jsme po ptlrocnim pro-
vozu stanovili fotoperiodicky Gcinnou dobu odpovidajici délce dne v oblastech blizko rovniku. Dél-
ka sviceni v rdznych pozicich: tfi spodni polohy po 2 hodinach, nasleduje interval noci (3 hodiny)
a od 03:00 - 08:00 pak sviceni v nejvy3si poloze tj. na hrané zelené stény. Po zhasnuti cely systém vy-
stoupa ke stropu pavilonu, aby nedochézelo k estetickému ruseni celého prostoru béhem pfitomnosti
navstévnikd. Cely fotoperiodicky interval tak trva 10 az 12 hodin podle oteviraci doby pavilonu. Aby
zvifata nebyla rusena po dobu sviceni, tj. béhem noci, cloni skla chovnych vybéhl neprodysné cernd
opona.

Aby zvifata nebyla rusena po dobu sviceni béhem noci, cloni skla chovnych vybéht neprodysna c¢erna opona
So as not to disturb the animals at night when the lights are on, an impervious black curtain screens the glass of the
enclosures

Foto/Photo Petr Hamernik

Dalsi metabolickou potiebu rostlin tvoii spravna intenzita osvétleni. Maximalni hodnota u instalo-
vanych svitidel dosahuje 1 000 pmol/m?¥s tj. cca 60 000 luxd, tedy hodnota blizka pfirozenému slunec-
nimu zéfeni Nase zkuSenost nas dovedla k hladiné 60% potencialu svitidla. Pfi nastaveni vétsi inten-
zity vznikaly na listech nekrotické skvrny, pfi nizsi dochazelo k etiolizaci, tj. k prodluzovani internodii.
Rozmisténi svitidel v celém prostoru pfedchazel predbézny vypocet hladin osvétleni projektantem.
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Rozmisténi ledkovych fotosyntetickych svitidel s torkretovymi stromy
Placement of photosynthetic LEDs with shotcrete trees
Foto/Photo Tereza Mrhalkova

X

Technicka konstrukce vegetacnich stén z plastovych kaskadovych truhlikd
Technical design of vegetation walls made of plastic planters in a cascade
Foto/Photo Tereza Mrhalkova
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Dal3i zékladni podminka Zivota rostlin - voda, prochazi demineralizaéni kolonou reverzni osmézy (RO).
Tropické rostliny vyzaduji hodnoty vody blizké vodé destové. Vyssi obsah soli rychle degraduje sub-
strat, poskozuje kofeny epifytnich rostlin a mimo jiné zplisobuje i zarlistani samotnych zavlahovych
trysek. Koncové aplikace zévlahy v kofenové z6né spocivé v umisténi kapkovacich hadic pod povr-
chem pady. Skrapéni listd navozujici efekt tropického desté zajistuji trysky dvojiho pratoku umisténé
ve stropé. Trysky s mensim pritokem také zvysuiji relativni vzdusnou vlhkost, nezbytnou pro prosperi-
tu vétsiny druh( z tropického destného pralesa. Oba systémy fidi Casovy spina¢ a kontrolu nasledné
i vihkostni ¢idlo.

Navrzena technologie reverzni osmézy vyrabi vodu demineralizovanou béhem procesu nékoli-
kastupriové filtrace. Prvni pouzivanou filtracni naplni je aktivni uhli, které zajistuje dechloraci vody
a odstranéni pesticidnich latek, dale Upiné zmékceni veskeré vody iontovou vyménou vapniku (Ca)
a hotciku (Mg) za ionty sodiku (Na). Sodik svou pfitomnosti ve vodé zabranuje vzniku vodniho ka-
mene. Poslednim hlavnim stupném je membranova filtrace, kterd oddéli 99-99,9 % Cistou H,0 od
ostatnich zbylych mineral(, které vypusti do odpadu. Pro lepsi pochopeni Ize uvést pfiklad se vstupni
konduktivitou (vodivosti) T 000 puS/cm (pitnd voda mé limit 1 250 pS/cm), kdy vysledné hodnota po
pouziti prlimyslové reverzni osmoézy osciluje mezi 1-10 pS/cm. Hodnotu ovliviiuje také nastaveny
tlak na membranu, vétsinou v rozmezi 5-11 bar a v neposledni fadé také i teplota pouzivané vody.
Vy3si teplota zvy3uje Ucinnost. B&Zné se teplota vstupni vody pro RO systémy neméni a zUstava na
vstupnich hodnotéch. Jednotlivé prvky jsou pak odstrafiovany stejnym pomérem ucinnosti — napf.
100 mg/I chlorid je v kone¢ném vysledku 0,1-1 mg/I. S mirou odstranéni minerdlt voda méni i své
pH smérem doll na vysledné acidni hodnoty 4-6 pH v zavislosti na vstupnich hodnotach pouzivané
vody. Voda v kyselych hladinach vodikovych iontl zatézuje vice kovové dily rozvodného potrubniho
systému, proto je vhodné pouzivat inertni plastové nebo nerezové soucasti.

Takto demineralizovand voda pracuje s nizkym tlakem. Jima se do zdsobniho sudu, z néhoz po-
moci ¢erpadla zvy3ujeme tlak potiebny v systému rozprasovacich trysek zajistujicich vlhkost ovzdusi.

ProtoZe navrzena technologie reverzni osmoézy véetné zmékcéovaciho filtru produkuje i urcity po-
mér odpadni vody, kterd ma pouze vyssi koncentraci mineral(, jez ale nezpisobuiji tvrdost vody, bylo
navrzeno jeji vyuZziti i pro zavlahu rostlin. Odpadni vodu proto také jiméme do nadrzi, ze kterych se
pak cerpa do systému plidni kapkovaci zavlahy.

Jelikoz v letnich a zimnich mésicich je vzajemny rozdil spotieby vody mezi rozprasovanim (zvlh-
¢ovanim) do ovzdusi a pozemni zavlahou rostlin, bylo nutné vytvofit i automatické dopliovani vody
do odpadni nddrze vodou z obecniho fadu. Kdyz reverzni osméza v zimnich mésicich nevyrabi nebo
vyrdbi méné demineralizované vody a je vétsi spotieba vody pro zavlazovani substratu, dopousti au-
tomatika nefiltrovanou obecni vodu do nadrze pro pldni zavlaZzovani rostlin. Pokud by nastal opacny
pfipad, je mysleno i na tento stav. Kdyz bude zdsobni néddrz na odpadni vodu plnd a reverzni osméza
bude muset vyrdbét vodu pro zvlh¢ovéni vzduchu, bude automatikou tato odpadni voda z techno-
logie RO odklonéna smérem do kanalizace, aby nedoslo k jejimu preplaveni. V pfipadé poruchy tech-
nologie vyroby reverzni osmoézy se systém prepne automaticky (nebo ru¢né) pro vzdusné kropeni
alespon na vodu zmékéenou. Celou technologii je mozné doplnit i 0 GSM modul s hldsenim stavd
systému nebo pripadnych poruch.
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Kolona reverzni osmézy pro demineralizaci vody Trysky s jemnou mikrokapkou pro zvyseni relativni
A reverse osmosis column for demineralising water vzdusné vihkosti
Fine micro-drop nozzles to increase relative air humidity

Foto/Photo Tereza Mrhalkova Foto/Photo Tereza Mrhélkova

Pedologické podminky ve vihkych tropech jsou typické malym pGdnim profilem a diky neustdlému
promyvani spojenému s vysokym opadem organické hmoty je vysledkem mélo rozlozend organicka
hmota. Takovy typ substréatu, véetné prodlouzené ,Zivotnosti” (zde neni moznd tak castd vyména pfi
zméné kvality jako v kontejneru), nespliiuje Zadny komercné dodévany vyrobek. Namichali jsme pro-
to komponenty spliujici pozadavek pomalého rozkladu, vysokého podilu vzduchu a vododrznosti.
Tyto vlastnosti maji materialy jako napf. kokosové vldkno, borkovand a vldknita raselina, zeolit, pemza
ajilové minerély. Vysledné slozeni substratu bylo zhotoveno v téchto pomérech: bila raselina 40%, Cer-
na raselina 20%, raselinova vlakna 10%, kokosova vlakna 15%, lignofibre 15%, piniové chipsy 15%, jil
100 kg/m?, kompost 0,7kg/m?, Osmocote 12ti mési¢ni 3,5 kg/m?, rohovina 2 kg/m?, trojity superfosfat
200 g/m?, hrubé mlety vapenec 2 kg/m? sméacedla 500 ml/m?. Nasledné byla do této smési pfimichéna
pemza frakce 2-5 mm a lava frakce 2-8 mm.

Bila raselina tézena borkovanim (ve formé cihel), piniové chipsy a pfimés lignofibre zlepsuji svou
strukturou fyzikaIni vlastnosti, zejména drendzni schopnost, nesléhavost, a zajistuji vysoky podil vzdu-
chu a organické nerozlozené hmoty v substratu. Lignofibre jsou brousené dfevni vlakna impregnova-
na proti rozkladu s dlouhou Zivotnosti. Vododrznosti docilime pfidanim cerné raseliny a jilu, jenz ndm
nahrazuje humus a mineralni slozky soucasné se zvysenim sorpcniho komplexu. Pomoci mletého va-
pence dosdhneme pufraéni funkce a tedy stabilniho pH. Substrat je osetfen propafenim kvdli likvidaci
patogennich zarodk( a semen pleveld.

Povrchovy mul¢ na substratu zajistily susené listy tropickych rostlin, prevazné fikust (rod Ficus).
Cast byla nadrcena a zbytek ponechan v celku. Cilem této netradi¢ni volby materialu bylo estetické
navozeni atmosféry pralesa, ale i postupny pfirozeny rozklad organické hmoty véetné uvolfiovani hu-
minovych kyselin.
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Vstupni koridor s torkretovymi sténami a stromy a plastovym rastrem pro vertikéIni zeler
Entrance corridor with shotcrete walls and trees and plastic framework for vertical greenery

Foto/Photo Tereza Mrhélkova

Vstupni koridor 10 mésicti po vysadbé
Entrance corridor 10 months after planting

Foto/Photo Tereza Mrhélkova
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| pfes plnou automatizaci za pomoci inteligentniho systému méfeni a regulace Sauter neni mozné
ponechat jakékoliv technologie bez neustalé lidské kontroly. Pomoci systému Sauter ovladdme a kon-
trolujeme spinani a vypindni svétel, intenzitu osvétleni, spousténi a zvedani ramp a opon. Déle tep-
lotu jak v expozicich, tak v nvstévnickém prostoru, chod vzduchotechniky a kontrolujeme vlhkost
vzduchu.

Pres rozsahlou teoretickou pfipravu jak ve skladbé rostlin, tak v technologiich zajistujicich zakladni
Zivotni potteby rostlin nebylo mozné s jistotou odhadnout chovani celého umélého systému. Diky
moznosti posouzeni funkcnosti s odstupem uplynulych 16 mésicl od vysadby, Ize hovofit o Uspé-
chu. Vybrand rostlinna skladba vytvofila dojem bujného tropického biotopu. Vegetace diky zvolenym
technologiim prosperuji i v nepfirozenych urbanizovanych podminkéch.

Botanicka a zoologické4 zahrada mésta Plzné
Botanicka zahrada hl. m. Prahy

Botanicka zahrada Stfedni odborné skoly Jarov
Botanicka zahrada Univerzity Karlovy
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Recently, the world’s modern zoos (e.g., San Diego) have preferred the concept of creating a complete
form of the environment to that in which the animals live in their homeland. This veracity concerns
not just the animal kingdom (by combining the species kept), but also the plant kingdom, including
the environment’s inanimate components. Prague Zoo's recent projects, Rakos' House for parrots and
other exotic birds or Darwin Crater for Tasmanian species, have also managed to faithfully imitate
the natural biotopes. The new gorilla house is resultant from the experience with the previous ones.
The building’s unique architectural concept and the requirement for a faithful rendition of a tropical
African rainforest required exceptional technical facilities to ensure the basic living conditions for the
plants.

The composition used in the interior of the gorilla house fully respects the geographic location of the
western lowland gorillas in their homeland in Cameroon or Congo. It thus tries to present the visitor
with a true picture of their presence in the African equatorial rainforest.

In the visitor space, the concrete imitation of the tree skeleton is a faithful representation of the
rainforest giants with their typical buttress and stilt roots anchoring the huge mass of wood into the
moist rainforest soil. As concerns living trees, the most common are the fiddle-leaf fig (Ficus lyrata)
with its large leathery guitar-shaped leaves and the African fig (Ficus cyathistipula) with smaller ovi-
form leaves. The fruits of both species are similar to figs but are not used for food purposes.

The life strategy of these 'trees’ begins in the canopy of other woody plants, where the figs lower
their roots to the ground and tightly encircle the host plant until they completely strangle it. This gi-
ves rise to the popular name strangler fig. The eating habits of gorillas are a peculiarity of the animal
kingdom. They eat the leaves of these trees despite the white, poisonous latex that is secreted when
injured as a defence against herbivores. In zoos, the leaves of ficus trees are often given as fodder.

The shrub layer is represented by many species. The most striking of them draws attention with
its giant banana leaves and growth, which is more like that of trees than herbs. This species is the wild
banana (Strelitzia nicolai) which has white blooms, unlike the crane flower (Strelitzia reginae), beloved
in the florist’s trade for its parrot-orange flowers. It is used medicinally in Cameroon and Congo. Its
venation places it among the fibre crops, and in its home range its long petioles are used, for example,
to weave baskets or mats.

Another more tree-like herb is the fern Cyathea spp. with a trunk that can be over a metre tall.
The last shrubby plant mentioned is the well-known Janet Craig dracaena (Dracaena deremensis), sur-
prisingly this too originally comes from the tropical rainforests of Africa. Likewise, the larger growing
Brillantaisia owariensis of the Acanthaceae (Acanthus) family also blooms in the Dja Reserve with blue
sage-like flowers. Examples of its use by local healers in the Congo include treating sleeping sickness
or anaemia.

Poisonous plants of the Araneae or arum family, such as Nephthytis poissonii, are often found in
the lowest herbaceous undergrowth. For most of the year its sagittate leaves are complemented by
distinctive yellow-orange fruits. Even the notorious garden balsam (Impatiens balsamina), used in win-
dow boxes or in annual beds, comes from the dark undergrowth of the African rainforest. Ferns are
the typical phytocoenologically dominant plants of shady undergrowth in all vegetation zones of the
globe. Species were chosen from the genera Asplenium, Adiantum, Rumohra, Nephrolepis along with
the species Chlorophytum comosum and C. orchidastrum.
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Visually, the essence of a jungle is not so much the forest giants as the impenetrable tangles of
lianas. As concerns the orchid family Orchidaceae, the genus Vanilla, also native to tropical Africa, was
chosen for educational reasons. Its fermented fruits form an important economic commodity in trop-
ical areas. Other species that can be mentioned include the gold dust dracaena (Dracaena surculosa)
and the bleeding glory-bower (Clerodendrum thomsoniae), both of which have adopted a colonisation
strategy of twining their stems, in contrast to the Peruvian grape ivy (Cissus rotundifolia) of the Vitace-
ae family, which uses metamorphosed stipules in the form of tendrils. Due to its non-toxicity, the latter
has also been planted in the walkways of the actual enclosures which are covered with metal netting.
The protruding shoots encourage the guerezas to interact, as they enjoy nibbling on them.

Frequent rainfall and temperatures with no great fluctuations make equatorial Africa an ideal
place for plants to grow. The competition for such a desirable space has made it overcrowded and
thus driven many plants to move closer to the sun, into the treetops. These plants are called epiphytes.
Ferns especially have adapted to life without direct contact with the soil. Their leaves have evolved
into a kind of cone that catches rainfall, organic debris from decomposing leaves and even the excre-
ment of the animals that have found a calm and safe home there.

Epiphytic ferns from the genera Platycerium (staghorn ferns) and Drynaria (basket ferns) were in-
stalled in the hollows of the concrete imitations of giant tropical trees. Both genera are morphologically
determined by heterophylly, where sterile fronds hugging the host (in a non-parasitic sense) serve to
retain rainfall and organic debris and cover the roots. Fertile fronds, that are typically deeply lobed,
bear generative organs with spores. The plants were installed directly on the shotcrete trees (i.e., trees
created by spraying concrete onto a frame) or the tree trunks close to where the condensation from
the overhead misting system falls.

The central motif in the visitor section is a waterfall with a small pond enriched with shotcrete
pockets allowing emersed (marsh) plants to be cultivated. Of the species planted here, the golden
leather fern (Acrostichum aureum), which inhabits coastal zones, including mangroves, is of note due
to its exceptional adaptation to growing in brackish waters. The second interesting feature, more mor-
phological, is the dimorphism of the fronds on one leaf, with the upper part of the pinnae carrying
spores and the lower part providing only photosynthesis. Growing in the bottom of the pond with
stagnant water levels is one of the largest species of the Anubias genus, Anubias gigantea, of the Arace-
ae (arum) family. It is a traditional aquarium species and has sagittate leaves rising above the surface.

The technology that is used in the urbanised spaces in various technological modifications deserves
a separate section. A system of planters set out in a cascade on an area of 46 m? with water overflow-
ing from one to the other appeared to be the most practical way to invoke the feeling of passing
through an eroded riverbed overgrown with lush tropical greenery. Each planter has a lower chamber
with a wick from which water rises into the substrate via capillary action. On the edge of the column of
planters is a flow shaft for the water, which is supplied by a drip system from the top. The water flows
through and fills all the chambers, the surplus goes into the overflow. The water level in the planter is
monitored by a float, which often tends to get stuck due to contaminants. This means the gardeners
must make frequent visual inspections. The variety of plants used, numbering 1,250 specimens all
tied in together, is not generally used in horticultural practice, so this technology also proved to be
the best in terms of the ease of replacing any particular specimens that might have died. The optical
skeleton was created by using the ‘indestructible’and well-known spider plant (Chlorophytum como-
sum), albeit in a less common, natural unvariegated form, as it is easy to cultivate. Gracility was added
by the ferns of the aforementioned herbaceous layer and colour by the infrequently and randomly
gleaming flowers of the busy Lizzie (Impatiens walleriana) and the orange-flowered Sutherland begonia
(Begonia sutherlandii). A spatial component in the otherwise flat wall is provided by dwarf cultivars of
striped dracaena (Dracaena fragrans) and young seedlings of the African fig tree (Ficus cyathistipula).
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As the roof structure of the house consists of a concrete skeleton (allowing a large, extensive garden
to be set up) with several small skylights, it was necessary to install additional artificial lighting. Above
plant beds, including the vegetation walls, hang a total of 28 lamps fitted with LED rows of varying
wavelengths for efficient photosynthesis (360-820 nm). A further 15 lamps are positioned to saturate
the understorey groups. By the vegetation walls, the lamps are placed on a ramp that allows 4 adjust-
able positions. The task of creating the illusion that visitors are walking through the shaded interior of
the rainforest, where the crowns of the tropical giants only let in a minimum of light, meant the neces-
sary intensity for photosynthesis had to be provided outside visitor hours - i.e. during the night. After
six months of operation, a photoperiodically effective time was set, corresponding to day length in
areas near the equator. The duration of illumination is set for different positions: three lower positions
for 2 hours each, followed by the night interval (3 hours) and then illumination in the highest position,
i.e. at the edge of the vegetation wall from 03:00-08:00. Once switched off, the whole system rises to
the house’s ceiling to prevent it disturbing the aesthetics of the space as a whole whilst visitors are
present. Thus, the entire photoperiod lasts between 10 and 12 hours depending on the house’s open-
ing hours. To make sure that the animals are not disturbed when illuminating the plants during the
night, an impervious black curtain screens the glass of the enclosures.

The intensity of lighting is another metabolic need of plants. The maximum value for the current
lamps reaches 1 000 pmol/m?/s, i.e. about 60 000 lux, i.e. a value close to natural solar radiation. Expe-
rience so far has led to a level of 60% of the lamps’ potential being used. At higher intensity settings,
necrotic spots appeared on the leaves, while at lower levels etiolation, i.e. elongation of the inter-
nodes, occurred. The designer made a preliminary calculation of light levels from the lamps prior to
placing them in the space.

Next basic condition of life for plants, water, passes through a reverse osmosis demineralization
column. Tropical plants require water that has values close to rainwater. A higher salt content rapidly
degrades the substrate, damages the roots of epiphytic plants and causes, among other things, the
irrigation nozzles to become encrusted. The final application of irrigation in the root zone consists of
placing drip hoses below the soil surface. The leaf scraping effect of tropical rain is invoked by dual
flow nozzles placed in the ceiling. These nozzles have a lower flow that also increases the relative air
humidity, which is essential for most tropical rainforest species to thrive. Both systems are controlled
by a time switch and a humidity sensor.

The reverse osmosis (RO) technology produces demineralised water during a multi-stage filtration
process. The first filter cartridge used is activated carbon, which dechlorinates the water and removes
pesticides. The RO technology then fully softens the water by exchanging calcium (Ca) and magnesi-
um (Mg) ions with sodium (Na) ions. The presence of sodium in the water prevents limescale from for-
ming. The last major stage is membrane filtration, which separates 99-99.9% pure H,0 from the other
remaining minerals, which are discharged to the outlet. For a better understanding, an example can
be given with an input conductivity of 1 000 pS/cm (drinking water has a limit of 1 250 puS/cm), where
the resulting value after using industrial reverse osmosis oscillates between 1-10 pS/cm. This value
is also influenced by the set pressure on the membrane, usually in the range of 5-11 bar, and, last
but not least, by the temperature of the water used. Higher temperature multiplies higher efficiency.
Normally the inlet water temperature for RO systems does not change and remains at the inlet values.
The individual elements are then removed at the same efficiency ratio - e.g. 100 mg/I of chlorides
drops to 0.1-1 mg/l in the resultant outflow. With the rate of mineral removal, the water also changes
its pH downwards to a final acidic pH value of 4-6, depending on the input values of the water used.
Water at acidic levels of hydrogen ions puts a greater burden on the metal parts of the distribution
system’s piping, therefore it is best to use inert plastic or stainless steel components.

Demineralised water thus operates at low pressure. It is pumped into a storage drum, from which
a pump is used to increase the pressure required in the spray nozzle system to ensure air humidity.
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Due to the fact that the reverse osmosis technology, including the softening filter, also produces
a certain proportion of wastewater, which only has a higher concentration of minerals that do not,
however, cause water hardness, it was proposed using it for plant irrigation. The wastewater is there-
fore also collected in tanks, from which it is then pumped into the soil drip irrigation system.

Given that in summer and winter there is a mutual difference in water consumption between
spraying (humidification) into the air and the ground irrigation of plants, it was necessary to ensure
the waste water tank was automatically refilled with water from the mains water. When the reverse os-
mosis system does not produce or produces less demineralised water during the winter months and
there is more water consumption for substrate irrigation, the automatic system adds unfiltered mains
water to the tank for the ground irrigation. Should the opposite be the case, this state of affairs has
also been taken into consideration. When the wastewater storage tank is full and the reverse osmosis
system needs to produce water for humidification, the automation will channel the wastewater from
the RO technology to the sewer to prevent flooding. If the RO technology breaks down, the system
will automatically (or manually) switch to at least softened water for air humidification. A GSM module
can be added to the technology to report system statuses or possible faults.

The pedological conditions in the humid tropics are typically a low soil profile and, due to constant
soil leaching combined with high organic matter from leaf cast, the resultant organic matter is poorly
distributed. No commercially supplied product meets the conditions for this type of substrate, includ-
ing its extended lifetime’ (unlike in a container, it is not possible to replace it frequently as the quality
changes). It was therefore decided to mix components that meet the requirements of slow decompo-
sition, high air content and water retention.

Materials such as coir, white, hand-cut and fibrous peat bricks, zeolite, pumice and clay minerals
fulfil these parameters. Consequently the composition of the substrate was made in the following pro-
portions: white peat 40%, black peat 20%, peat fibre 10%, coir 15%, Lignofibre® 15%, pine chips 15%,
clay 100 kg/m?, compost 0.7 kg/m? Osmocote 12 month 3.5 kg/m?, keratin 2 kg/m?, triple superphos-
phate 200 g/m?, coarse ground limestone 2 kg/m?, wetting agents 500 ml/m?. Subsequently, 2-5 mm
fraction pumice and 2-8 mm fraction lava were mixed into this mixture.

The structure of the white peat extracted by hand-cutting (in the form of bricks), pine chips and
the addition of Lignofibre® improve the substrate’s physical properties, especially its drainage capaci-
ty, incompressibility and ensure it has a high proportion of air and organic matter. Lignofibre® is shred-
ded wood fibre impregnated against decomposition with a long lifetime. Water retention is achieved
by adding black peat and clay, which replaces the humus and mineral components whilst also increas-
ing the sorption complex. The ground limestone provides a buffering function and therefore a stable
pH. The substrate is treated by steaming to eliminate pathogens and weed seeds.

A surface mulch of dried leaves from tropical plants, mostly figs (genus Ficus) was placed on the
substrate. Part of it was shredded and the rest was left whole. The reason behind this unusual choice
of material was to aesthetically evoke a rainforest atmosphere, but also to allow the organic matter to
gradually decompose naturally, with the release of humic acids.

Despite full automation using the intelligent measurement and control system from Sauter, it is not
possible to leave any of the technology without constant human checks. Using the Sauter system, we
manage and control the switching on and off of lights, the intensity of lighting, the lowering and rai-
sing of ramps and curtains. It also checks the temperature both in the exhibits and in the visitor area,
the operation of the air conditioning and the air humidity.
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Although there was extensive theoretical preparation in both plant composition and in the technol-
ogies ensuring the basic needs for plant life, it was not possible to predict with certainty how the
entire artificial system would behave. Given the benefit of 16 months of hindsight after planting, it is
possible to speak of success when assessing the functionality. The plant composition that was chosen
created the impression of a lush tropical habitat. Thanks to the technologies used, the vegetation is
thriving, even in its unnatural, urbanised conditions.

Botanical and Zoological Garden of Pilsen

Botanical Garden of Charles University, Faculty of Science
Botanical Garden of Jarov Secondary Vocational School
The Prague Botanical Garden
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Autorka Katefina Chvostova osazuje truhliky vegeta¢ni stény v Rezervaci Dja
The author Katefina Chvostova planting plastic planters on vegetation walls in Dja Reserve

Foto/Photo Petr Hamernik
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