Greenhouse Greeting and Theme Narratives: An Outreach Resource
Robert Villa

Greenhouse Greeting
Welcome to the Desert Laboratory Greenhouse! This is likely Arizona’s first greenhouse, built in 1906 – three years after the main lab was completed. It was rebuilt twice: In the 70s with Director Paul Martin, and most recently in 2016 with Director Ben Wilder (110th anniversary). The Desert Laboratory is where the original resident scientists learned, explored and mapped the Sonoran Desert region and its plants.

As they explored, they brought back plants that helped us understand the many regions of the Sonoran Desert – from really hot dry deserts, to the dry tropics from which the Sonoran Desert evolved over the past 10-15,000 years. 

Do you know who Andrew Carnegie was?
Carnegie was a wealthy industrialist who built libraries and funded scientific research though his Carnegie Institution, including the establishment of the Desert Laboratory in 1903. The lab eventually became part of the University of Arizona in 1960. The botanical name of the Saguaro was named after him: Carnegiea gigantea.





















Cactus Diversity
Across the Sonoran Desert region, cacti are abundant and diverse. From short, round species, to thin, cylindrical, to tall, columnar species. However, the earliest cacti lived in tropical forests and had fleshy, succulent leaves like this Pereskiopsis from the dry tropical forest Sonora. 

As the mountains rose, and climate changed, millions of years ago in in some parts of Mexico and South America, tropical forests gave way to deserts. Leafy cacti adapted by losing their leaves and evolving spines instead (another type of leaf). They became more succulent. That means, they store water in their flesh for times when there is no water. 

This means that cacti are succulents. However not all succulents are cacti. Succulence is an adaptation to survive in areas (habitats) with a dry season, as well as areas with lots of salt such as marshes and estuaries. 

The spines on cacti are modified leaves, and the places that the spines emerge from are called the “areoles”. The areole is also where new stems, or flowers emerge from. The areole is a modified twig, part of the body, or main stem(s) of the plant.

Cacti are restricted to the American continents, with over 1500 species, and Mexico home to over 1/3 of these. There is one exception! The Mistletoe Cactus: Rhipsalis baccifera. 
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Scientists think that its seeds were transported by birds and possibly trade ships to tropical parts of Africa, Madagascar, and islands in the Indian Ocean.

So, then, what explains the cacti, and plants that look like cacti, in other parts of the world?

Firstly, Europeans and immigrants did introduce cacti to the other continents for exotic landscaping, and food for humans and livestock. Then there are plants that look like cacti, but are not. They evolved in similar circumstances, and look very, very similar. We call this convergence or convergent evolution.

Cactuses vs Other Families

Cactus	Euphorbia
[image: Close-up Of Tall Ribbed Cactus Free Stock Photo - Public Domain Pictures] [image: Life Among the Leaves: In Praise of Succulents: Euphorbia edition]
[image: giant club cactus, Cereus repandus (Caryophyllales: Cactaceae) - 5176069][image: Flowering Tree Euphorbia, Axum, Ethiopia | This beautiful ex… | Flickr]
[image: Peruvian Apple Cactus (Cereus repandus) flower ... | Flickr][image: Euphorbia royleana (Churee, Royle's Spurge, Sullu Spurge) | North Carolina Extension Gardener ...]
Subtopics:
· Food and forage: Many cactus fruits have been eaten by humans, as well as animals. The pads have been used to feed livestock. Certain species of prickly pear have become invasive.

[image: ][image: Eight Edible Wild Plants to Forage this Spring | Foraged Food Tips]
Saguaro fruit harvest (L), and row of prickly pear in Spain (R)
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Cholla buds (L), dried (R), and reconstituted (below)
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Livestock forage around the world



· Red dye (cochineal): Sometimes you will see white fuzz on the pads of prickly pear cacti. These are the cocoons of scale insects that have been harvested by indigenous peoples to create red pigment. When Europeans saw this in ancient Mexico, they exported it to Europe where it made red dye far more abundant and affordable than before. 
[image: ]
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· Building materials and landscaping: Throughout Mexico and South America, the wood from giant cacti has been used to construct buildings, make various tools, and carved into toys and art. Cuttings are also made into living fences.
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Our most famous cactus, the Saguaro (Carnegeia gigantea)
[image: ]
First paper from the lab is by Effie Spalding.
It measured how saguaros expand when they drink or take up water with their roots.

[image: ]1908: Volney Spalding 
Saguaro Plots



















Saguaros first mapped in 1908, and the basis for a continuous census since 1964

The Saguaro is botanically named after Alexander Carnegie: Carnegia gigantea. When the scientists told him that it was a distinct species, and named it in his honor, he scoffed thinking that such a large plant could remain unseen by botanists he was funding. Their attempts at flattery failed.

Agaves and Aloes – What's the Difference?
In here we have a variety of succulent plants. What do you think of when you hear the word “succulent”? Do you think of a cactus? Cacti are succulents, but not all succulents are cacti. A succulent is any plant that stores water in its flesh for times when there is no water available. Some of the most common succulents in Tucson yards are Agave and Aloe (neither of which are cactus). These names are also the formal botanical names of these plants. 

We have a few Agave species in here, as well as one species that grew historically on Tumamoc Hill when First Peoples cultivated/farmed them. And here we also have some Aloe plants. They both look very similar, but I’d like to show you how to tell the difference – because they represent completely different branches on the plant family tree.

Agaves are native to the Americas, while Aloes are native to Africa, Madagascar, and the Middle East.  So why do they look so similar? They adapted to the same climates, and similar habitats and lifecycles. We call this convergence or convergent evolution. What have they converged on? 

· A rosette of leaves, with a central flower spike
· Succulent leaves, most often with spines

What are some more differences?

· The leaves on Aloes are uniformly succulent from the tip of the leaf, to the base
· The leaves on Agaves are mostly succulent at the base of the leaf (axil), and the heart or corer
· Aloe flowers throughout their lives
· Agaves grow for up to 10-25 years or more, building up energy to send out a flower spike called an inflorescence. Then most species die. This makes Agaves “monocarpic” - plants that die after flowering.
















Agave					Aloe
[image: ][image: ]
I think you might know why Aloes are useful and important. They cool and help heal sunburns, they are major ingredients in moisturizers and health drinks. However, in other countries, they’ve been used as bittering agents in cheap beers, and they’ve been used for medicines and poisons.

Agaves are important for a variety of reasons. In this region, first Americans used the fiber of this plant to weave rope, sandals, and bags. Farther south they would weave textiles, and the leaves could be used to thatch houses. Most prominently, Agaves have been a source of food for humans and animals alike. The flowers are an important source of nectar for pollinators.

When you cook the heart of this plant, it is a major source of sugar and calories, and it’s delicious. It tastes like a caramelized sweet potato, or molasses. By at least 800 years ago, the ancestors of the Hohokam, Trincheras, and O’odham supplemented their diet with cooked Agave in a big way. They realized that they could cultivate and grow these plants with very little effort on the hard soil, and natural rainfall. They used rock dams and piles to slow and direct rain runoff, or make terraces or piles of rock that the Agaves would thrive on. Right before the Agave shoot up their flower stalks – when the sugar and starch in these plants are at their highest – they’re harvested and baked for two or more days in giant covered pits.

It was a community effort with stone technology to cultivate, harvest, and bake Agave. This was done by people from the Sonoran Desert, into southern Mexico. In the Sonoran Desert region, it was an important part of civilization that led to the establishment of agriculture. 

Archaeologists have recovered ancient corn as old as 5000 thousand years old in this area – making Tucson and the surrounding area one of the oldest continually inhabited spaces in the nation. Agave flowers are also cooked and eaten in Mexican cuisine.

Subtopics: 
· Other important cultural foods: Pulque and tepache, Tequila and mezcal, Agave syrup
· Landscaping and propagation: Export of Agave and Aloe, xeriscape, rain-scape, food, fodder
· Archaeology:
· Refer to Agave heritage garden:































Tropical Species of the Sonoran Desert Region
What comes to mind when we think of a desert? Cacti? Sand? Heat? The single defining aspect of all deserts is a limited and irregular amount of rainfall. However, the Sonoran Desert is often called a subtropical or wet desert. Why?

The Sonoran Desert itself has six distinct regions – from the hottest, driest desert in North America that receives a few inches of rain a year, to the northern edge of the dry tropics a day’s drive south. This range of zones makes the Sonoran Desert one of the most biodiverse deserts on earth – meaning it’s home to lots of different species.

[image: ]

The first scientists at the Desert Laboratory were the first to explore and map all of this based on the plants found from southern Arizona to southern Sonora, and the Baja California Peninsula – the entire Sonoran Desert. What did they learn?

· The Sonoran Desert is biodiverse because it is surrounded by several different regions with different rainy seasons
· There are tropical plants that adapted to desert conditions in the Sonoran Desert we see today – cacti, for example

Before the Rocky and the Sierra Madre Mountains were formed, this region had a more tropical climate. At that time, the ancestors of modern cacti were leafy and much less succulent than we know them to be – like this Pereskia. 



When the mountains formed, they blocked Atlantic rain from our region for most of the year (rain shadow). This meant that the tropics migrated south, leaving behind species that adapted to a wet-dry rain cycle that we call the summer monsoon. This is when we receive dregs of moisture or humid air from tropical storms farther south, and stimulate our own localized summer rain cycle when the Gulf of California heats up in the summer.

[image: Rain shadow Facts for Kids]
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This helped create the desert we see today where trees and cacti are generally spaced far apart as they compete for whatever rain falls, and most trees and other plants also drop their leaves and stop growing until the summer monsoon – we call this type of dormancy deciduous or drought deciduous.

As the tropical forest changed into to desert, leafy cacti like this Pereskia became exposed to extreme dryness, light and heat – so, they adapted to be more succulent and spinier – meaning they stored water in their flesh for later use, and protected it with spines (a type of leaf).

[image: ][image: ]
Pereskia					    Native Pereskiopsis porteri

If you were to take the highway that runs directly south from Tucson across the state of Sonora you would notice how the desert gives way to the more tropical forest that it originated from.
From north to south:
· Saguaros and other giant cacti are taller than the trees. 
· The trees and shrubs are generally spaced far apart because they are competing for water.
· Then the trees become more abundant and taller because they receive more rainfall to the south, and are rarely affected by frost. 
· The number of tropical plant species also goes up. 
· By the time you reach southern Sonora, the trees form a dense forest, and taller than the tallest cacti. 
· Cacti have then adapted to flower in May and fruit in June, prior to summer rain when the trees are leafless – making their flowers and fruits visible to pollinators, and animals that will eat their fruit, spreading the seed in their droppings, leading up to the monsoon rains that can germinate them. 








Dry and wet season photos from the dry tropical forest at Álamos, Sonora.
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Dry and wet season repeat photos from the Sierra Mazatán
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By the time you reach the southern edge of the Sonoran Desert, the southernmost Saguaros are growing in a seasonally dry but tropical environment. And some of the species that grow as small shrubs in Arizona, grow as 30-foot trees. We also see the wild ancestors of avocados, papayas, guavas, pineapples, etc. 
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Coral Bean (Erythrina flabelliformis)
Arizona								Sonora
[image: ] [image: Related image] [image: ]

Wild avocado (Persea podadenia)
[image: ]

Wild papaya relative (Jarilla chocola)
[image: ][image: Image]



We also have plants not rooted in the soil called epiphytes. Instead, they cling to rocks and trees because the air is humid enough, receiving nutrients from leaf litter, bird droppings, and the algae and other organisms found in rain. 

Orchid (L) growing on tree, and Tillandsia and cacti (R) growing on rock cliff
[image: ] [image: ]







A desert epiphyte is our native mistletoe, which is actually a parasite that lives directly off the nutrients of the host tree.
[image: ]
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The primary ancestor to most chiles used today comes from our native chile called chiltepín (Capsicum annuum). It goes no further than southern Arizona, ranging south to a small corner of Colombia. 
[image: ]
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Mark Dimmitt ~ Pereskiopsis porteri
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