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PLANT PROPAGATION FROM CUTTINGS
Introduction:
Cuttings are portions of a plant, such as stems, leaves or roots, that are used to produce new plants by regenerating the missing organ(s).  The rates of multiplication possible via cutting propagation are higher than for any other vegetative propagation technique, with the exception of micropropagation (tissue culture).  However, because tissue culture labs are expensive to build and maintain, cutting propagation is generally more cost effective.  In addition, for stem and root cuttings the time required for plant regeneration is generally very short, often just days or weeks.  
The main disadvantage of cutting propagation is the requirement for adventitious organ regeneration.  When the plants that are being propagated as genetic chimeras and the chimerism is localized to the shoot apical meristem, as is typical for purple-leaf and green-white variegated cultivars, all cuttings that require adventitious shoot regeneration (i.e., leaf and root cuttings) will fail to produce true-to-type plants   When stem cuttings are employed, the regenerated shoots are derived from axillary buds which share a direct lineage with the shoot apical meristem, but even this ontogenetic relatedness does not guarantee that the shoots regenerated will inherit the same mutations or mutation patterns as the parent shoot.  
The most popular types of cuttings are stem cuttings. Stem cuttings are sections of stem with a healthy shoot tip, termed tip cuttings, or lacking a shoot tip but with one or more axillary buds, termed nodal cuttings.  Propagation is achieved via the formation of roots from the base of the cutting concurrent with shoot growth from the axillary buds (or shoot tip).  Some trees, such as poplars and willows, contain pre-existing root ‘primordia’ in their stems that confer a high level of rooting competence.  However, for most plants, the process of root formation does not begin until after the cuttings have been excised.  
For plants that produce adventitious shoots of root origin, termed “root suckers”, either naturally (i.e., lilacs, aspens, Sassafras, etc.) or in response to root wounding (beech, Kentucky Coffeetree, etc.) root cutting propagation is also possible, but has never been highly popularized because of the difficulties associated with digging up roots.  For plants with succulent leaves (Peperomia, African violet, etc.) leaf cutting propagation is possible, but is generally time consuming since plant regeneration requires sequential root and shoot formation.
For most types of cuttings humidity control is necessary during propagation to prevent dessication.   However, when misting or fogging are used to control the humidity, the potential exists for saturating the propagation medium with water, a condition that is liable to cause high rates of rotting of disease among the cuttings.  To guard against this possibility it is important to use a coarse, sterile media (sand, perlite, etc.).  The stockplants used for cutting isolation should be healthy and disease-free and biocides, particularly fungicides, are routinely used to treat the wounded portions of the cuttings prior to propagation.    
I) Stem Cutting Propagation of Woody Plants

Because of their perennial growth habit and potentially large size, woody plants are especially amenable to stem cutting propagation.   For a single tree or shrub hundreds, if not thousands, of new plants can be produced each propagation cycle   Although stem sections from older branches can be used successfully for some species, stem cuttings are typically taken from the current season’s growth increment.  However, for intact (non-pruned trees) the rooting ability of stem cuttings may vary widely between individual branches.  In general rooting ability and growth vigor are positively correlated, with the most vigorous, and thus best rooting, branches being ‘thick’ with widely spaced nodes and large well-differentiated buds.  However, the most vigorous branches are generally located near the top of the crown in the case of trees and thus are difficult to reach.  

To overcome these difficulties and to produce more uniformly vigorous stem cuttings, trees and shrubs that are used for cutting propagation are frequently maintained as ‘stools’ via regular, often annual, pruning.  Stools are living stumps that are capable of producing sprouts.  Because the trees and shrubs used to create stools are generally grown for several years prior to initiating the stooling process they tend to have extensive root systems.  As a consequence, they tend to produce large ‘crops’ of sprouts, and can remain productive for many years.  A second advantage of stooling in the context of stem cutting propagation is that it delays the juvenile to mature transition, which is generally correlated with decreases in rooting ability.  
For trees and shrubs, three basic classes of stem cuttings are recognized; hardwood, semihardwood, and softwood cuttings, based on differences in maturity and physical hardness of the stem (i.e., degree of lignification) as outlined in Table 14-1 of your textbook.  Hardwood stem cuttings are prepared during dormant season.  Since hardwood cuttings are not foliated, at least for broadleaf trees and shrubs, humidity control is not required during propagation and for species that root at high frequencies, direct planting in the field is possible.  Other advantages of hardwood cuttings include their relatively extensive stored food reserves; but hardwood cuttings are less competent for adventitious root formation than is typical for cutting types taken at an earlier point in branch ontogeny (softwood, semihardwood)
Experiment:  Hardwood Stem Cutting Propagation:  Effects of Auxin Concentration and Plant Species on the Rooting Process. 

Background:

The roots produced by stem cuttings are said to be ‘adventitious’ since they do not form from the pre-existing root system of a plant.  Adventitious roots form preferentially at the basal, or proximal, end of cuttings irrespective of the orientation of the cutting with respect to gravity (right side up or upside down).  This ‘polar’ regeneration pattern reflects the unqual distribution of auxin in the cutting.  Since auxin (indole acetic acid, IAA) moves through stems in a distal to proximal direction it tends to collect at the basal ends of stem cuttings where it promotes root formation, callus formation (cell division), or a combination of both.  

Although all plants produce auxins, species vary widely in their competence for adventitious root formation from stem cuttings.  Rooting ability also tends to vary among stem cutting types, with hardwood cuttings rooting at lower frequencies than softwood or herbaceous cuttings, possibly as a result of differences in cell competence or auxin metabolism at the base of the cutting.  However, rooting frequencies can generally be improved by treating stem cuttings with synthetic auxins, such as indole butyric acid (IBA) or naphthalene acetic acid (NAA).  Even for species (or cutting types) that will root readily without auxin addition, exogenous auxins have been frequently shown to improve the yield of roots and/or to speed up the rate or root inducion. 


When auxin treatments are used for cutting propagation it is important to determine the optimal auxin concentration experimentally (empirically).  As with anything in life too much of a good thin can be bad and high concentrations of auxin can adversely affect the rooting process, especially for species or cutting types (herbaceous cuttings etc.) that are highly competent for rooting.  In such cases, large numbers of adventitious roots may be produced, but they may be short and stubby.  Alternatively (in more severe cases), callusing may be promoted at the expense of root formation and shoot growth may be inhibited.  

In this experiment we will compare the efficacy of different doses of auxin for root induction from hardwood cuttings of red osier dogwood, a shrub that is notoriously easy to root, and European black alder, a species which has been less well-studied but generally is considered more difficult to root.  It is anticipated that we will identify both suboptimal and supraoptimal auxin concentrations for each species. 
Plant Material: 

Branch samples from red osier dogwood (Cornus stolonifera) and European black alder (Alnus glutinosa) are provided.  The dogwood branch samples were collected 1/4/07 from plants on the IPFW campus.  The alder branch samples were collected on 1/13/07 from the Fort Wayne Pumping station.  The alder population samples was growing on the margins of the St. Joseph River just upstream of the city dam.  For both species the cuttings were placed in plastic bags with moistened sphagnum peat moss and stored at 4 ºC in the dark until the day of lab to meet the chilling requirements of the buds.    
Auxin Treatment: 
The stem cuttings will be treated with IBA at 0, 500, 5000, and 15000 ppm concentrations.  All of the IBA solutions have been prepared in 50% ethanol.  Two types of controls will be prepared, cuttings treated with 50% ethanol alone (solvent control) and untreated cuttings. 
Experimental Protocol:

NOTE:  Each pair of students will work with one species (alder or dogwood), but will be provided with the cumulative (class) data when the experiment is done.
1) Working in pairs, use the pruning shears provided to prepare 30-35  nodal cuttings from the current season (1 year old) regions of each branch.  Each cutting should be 5-10 cm long, aiming for a uniform length, and should contain at least one node, with the distal cut being placed about 5 mm from the closest axillary bud.  Store the cuttings in trays or plastic bags with moistened paper towels until needed.

2) Working with a second pair of students obtain a tray with 1206 cell pack (12 packs with 6 cells per pack) and fill the tray with the sand:perlite (50:50) medium provided.  Each student pair will use one half of the cell pack.  Prepare plastic labels for each of the experimental treatments (see below) and randomly assign the labels to individual cell packs for your half of the tray.   


Treatment  1: Untreated (Control)

Treatment  2: 50% Ethanol (Solvent Control)


Treatment  3: 500 ppm IBA 


Treatment  4: 5,000 ppm IBA


Treatment  5: 15,000 ppm IBA 

3) Mix the stem cuttings together (See Step 1, above) and randomly assign six cuttings to each IBA treatment and the controls.  Dip the bases of the cuttings (1-2 cm) into the appropriate auxin 
solutions for 10-15 seconds, as a group.  Let the bases of the cuttings air dry and then transfer the  appropriate cell pack prepared in Step 2.  The bases of the cuttings should be stuck to a depth of 3-4 cm.  

4) After the tray of cuttings has been filled transfer it to a mist bench for rooting induction.  The miters have been programmed to supply 20 seconds of misting every 10 minutes from 1 hr after dawn to 1 hr prior to dusk.
5) After 3-4 weeks, collect data on the proportion of stem cuttings with roots, callus, and new shoot growth for each treatment, and the root and callus yields, using the data tables provided at the end of this handout.  To avoid breaking the adventitious roots the cuttings should be pushed rather than pulled out of the soil using a spoon or scoop.  For cuttings with 20 or less roots exact counts should be obtained; however, for cuttings with larger numbers of roots numbers should be rounded to the nearest 10.
NOTE:  Since this experiment forms the basis of a lab report if qualitative differences are apparent between the treatments you are also encouraged to take notes on the differences in phenotype.  To facilitate such comparisons it is recommended that you keep the cuttings sorted by treatment following excavation to facilitate comparisons of root, stem, or callus morphology.  Differences in root and callus distribution pattern may also be apparent.  A digital camera will be provided to facilitate the documentation of visual differences between the treatments.  
II) Dendrobium and Begonia Propagation Using Cane Cuttings:


Canes are stems that are thick and hard (but not woody) and also generally leafless, or nearly so, in their basal regions.  Canes are produced almost exclusively by monocots.  Bamboo and sugar cane are perhaps the most familiar examples cane plants, but canes are also produced by many other important horticultural plants including Dracaena (dragon plant), croton, some begonias, and Dendrobium orchids.  Because of their hard texture, stem cuttings from canes are durable and can often be rooted at high frequencies.  In this experiment we will experiment with propagating Dendrobium orchids and Angel-wing Begonia (Begonia X argenteo-guttata) from cane cuttings.        
                                                                                                         
Dendrobium, like Cattleya and Oncidium, is a sympodial orchid genus but its stems are highly elongate, forming tall canes, up to five feet tall or taller depending on the species.  Some Dendrobiums naturally produce offshoots, termed ‘keikis’ that can be detached from the cane, or flowering stem in some instances, and grown as separate plants.  In addition, pastes containing cytokinin, a plant hormone that induces shoot branching, either alone or in combination with other hormones can be applied to orchids to induce keiki formation.  



Keiki pastes are commercially available but the hormone compositions of are generally considered company secrets and are not indicated in the product labels.  In today’s lab we will use a lanolin (wool fat) paste with 2500 ppm of 2iP, a naturally produced cytokinin, and 500 ppm of BA, a synthetic cytokinin, to stimulate shoot regeneration from our cane cuttings.  We will also test for the effects of leaves (presence or absence) on the success rate.   
Protocol: 
1. Working in groups of three to four, obtain a Dendrobium or begonia cane and cut into 2 node long sections, each with at least one viable bud or axillary meristem.  If inflorescence (flower) scars are not apparent at the node then a viable axillary meristem should be present, although these meristems may not be externally visible.   
2. Wet the ends of the cuttings and dust them with activated charcoal.  The activated charcoal is used here in place of a fungicide.  Although I am not aware of any published (peer-review) data indicating activated charcoal to have fungicidal properties, several plant propagation websites recommend its use.  Since activated charcoal absorbs organic molecules it presumably limits fungal or bacteria growth at the ends of the cuttings by absorbing vitamins needed for microbial growth.

3. Divide the cuttings equally into three groups and randomly assign the groups of cuttings to experimental treatments (listed below).  If none of the cuttings bear leaves, as is typical for the begonia then divide the cuttings into just two groups (Treatments 1 and 2).   For the keiki paste treatment, cotton swabs should be used to apply small samples of the heated hormone paste above each leaf scar on the cutting.  The paste should be allowed to set (harden) before proceeding with the experiment.

Treatment 1 (Control); Leaves removed 


Treatment 2 (Keiki Paste);  Leave(s) removed, keiki paste added 


Treatment 3 (Leaf Effect);  Leave(s) leaf intact on one side of the cutting

4.  Obtain a small plastic tray with moist, but not saturarated, sphagnum moss, and divide the tray into sections corresponding to the experimental treatments.  Place the cuttings horizontally onto the peat moss.  For the leaf effect treatment (Treatment 3) the side of the cutting bearing leaves should fact upwards.   Place the tray inside of a clear plastic bag.  Close the bag and place the tray on a heated propagation mat set at 80 ºC temperature on the aluminum shelves in the headhouse.  Illumination (continuous) will be provided by cool white fluorescent bulbs.
5. Examine the cuttings weekly for signs of shoot regeneration.  At the end of the class the plastic bags will be removed and the cuttings will be evaluated for roots.
III) Leaf Cutting Propagation:


Plants with succulent leaves, such as Begonia, Peperomia, African violet, Sanseveria, Golxinia, Sedum, Jade, etc, are especially well adapted for leaf cutting propagation since their leaves are slow to dessicate and propagation is frequently possible without humidity control.  Since leaf cutting propagation typically involves sequential root and shoot formation, with the shoots forming secondarily from the roots, relatively long periods of time (up to 2-3 months) are generally required for plant regeneration.  For some species leaves must be used in their entirety (including the petiole) for effective propagation but in other cases sections of the leaf alone are sufficient.  In general regeneration occurs in vicinity of veins, and the regeneration process is polar, with the roots forming at the basal (proximal) ends of the leaves or leaf sections, as outlined for stem cuttings.  
Protocol:  

For this experiment you will work in pairs but will share propagation trays with a second pair of students (four students per tray).  The trays should be filled with medium grade vermiculite and labeled to indicate the different students and plant types.  Prepare the cuttings as indicated below (A ( C).  Cover the trays with plastic humidity control domes and place in the greenhouse.  The trays should be checked weekly to see if the media needs to be rewetted.  After 8-12 weeks the cuttings should be evaluated for plant regeneration and the resulting plants can be individually potted.  
A) Leaf Petiole Cuttings:
1) Use a single edge razor blade to remove five leaves of Peperomia (Perpermia obtusifolia, Baby Rubber Plant) or African violet (Saintpaulia ionantha) from the stockplants provided.  The leaves should include 1-3 cm of petiole.    
2) Place the cuttings in the flat with the entire petiole submerged in the rooting medium.  
B) Leaf Cuttings (Begonia)

Obtain a single leaf of Angel-wing begonia (Begonia X argenteo-guttata) and two leaves of Wax begonia (Begonia X semperflorens-cultorum).  Place the leaves flat against the rooting medium (vermiculite) and make several slits across the veins and pin the leaves down with dissecting needles to ensure good contact.  You may also want to partly dust the leaves with vermiculte.  
C) Leaf Section Cutting (Snake plant)
1) Obtain eight leaf section cuttings from Sansevieria trifasciata (Mother-in-law tongue plant).  Each cutting should be 3-4 inches long with small notches being made at the basal end of each section.  
2) Place the cuttings into 6 inch pots of sand or sand:perlite mix (50:50, v/v).  Place half of the cuttings with their basal end up (inverted) and half with the basal end facing down.  The cuttings should be approximately ¾ submerged. Place the pot(s) of cuttings in the greenhouse with supplemental lighting to provide a 16 hr photoperiod.

Review Questions:
1)  “Bottom heating” is routinely applied during stem cutting propagation.  Can you think of any advantages to this protocol knowing that plant growth rates generally increase with temperature?
2) The concentration of plant hormones is typically expressed in terms of their molarity.  Molarity is a measure of the number of molecules of solute per unit volume.   A one molar solution contains one mole (6.02 x 1023 molecules, i.e., Avagadro’s number of molecules) per liter of solution.  The weight (in grams) needed to prepare a 1 M solution is equal to the formula weight of the molecule being dissolved.   The formula weight of IAA is 186, meaning that 186 g would be needed to prepare one liter of a one molar solution.  Can you calculate how many grams of IAA would be needed to prepare 500 ml of a 0.5 M solution?   

3) Calculate the molarity of the 5000 ppm IBA solution employed in this lab.  Since 1L of water weighs 1000 g, and there are 1000 mg in one gram, a solution with 1 mg/L would contain 1 ppm.   

.

Stem Cutting Data:
Species: _______________________
Group Name: ______________________________

	Treatment
	N
	Prop. Dead
	Prop. w/roots
	Root yields1
	Prop. w/callus
	Callus size2
	% shoot growth
	Shoot height (cm)3

	Control


	
	
	
	
	
	
	
	

	EtOH


	
	
	
	
	
	
	
	

	500 IBA


	
	
	
	
	
	
	
	

	5000 IBA


	
	
	
	
	
	
	
	

	15000 IBA


	
	
	
	
	
	
	
	


1 Root yield data should be collected on a per cutting basis, list sequentially

2 Callus size should be rated on a scale from 1 to 3 at intervals of 0.5 units for each cutting, list sequentially 

3 For each cutting with axillary shoots measure the height of the tallest in cm; list the heights sequentially

Other Notes (Observations):
