Georgia Agriculture Education Curriculum



Course:
03.451

Forest Science I

Unit 6:
Reforestation
Lesson 3:
Seedling Procurement and Care

GPS:
AG-FS-6-C, AG-FS-6-D, AG-FS-6-E, AG-FS-6-F 

Academic Standards:
ELA9SV1, ELA9LSV2, SCSh2, SCSh9
Objectives: 

2. Calculate acres to be planted.

3. Determine the spacing and number of seedlings.

4. Identify the procedure to follow when ordering seedlings.

5. Identify practices to protect seedlings before planting.

6. Identify planting procedures for properly planting a pine seedling.

Teaching Time: 
10 hours
References:  

Science of Forestry Management, AAVIM
Forests and Forestry.. Interstate Pu blishers, Inc. Danville, IL.

www.gfc.state.ga.us/Education/ 
Longleaf Alliance web-site, www.longleafalliance.org
Georgia Ag. Ed. Power Point: Reforestation_Planting_Techniques_and_Evaluation.ppt
Georgia Ag. Ed. Power Point: Reforestation_Seedling_Procurement_and_Care.ppt
Materials and Equipment:

Measuring wheel

Calculators

Aerial photograph of local foresting plot

Measuring scale

GFC seedling application (one for each student)

Video tape - The 9 Lives of the Pine Seedlings from Georgia Forestry Commission

Seedling Care and Planting Instructions - GFC handout.
Teaching Procedure

Introduction and Mental Set

View video tape The 9 Lives of the Pine Seedling.
Once species selection has been made, order your seedling from the nursery. Plan well ahead of time allowing for both, time to do site preparation work and insure that the seedlings are available. Most nurseries start taking seedling orders in mid-summer. Order as early as you can to be sure you get your seedlings.
Discussion

1.
Show the class the aerial photograph of school forest.  Ask the question, how many seedlings should be ordered to plant the designated area?

Acres to plant should be determined by actual field measurement, 
estimates from maps, aerial photos or other records. 

Most pine plantations are established with 600 to 700 seedlings per acre. A landowner may plant more or less depending on his objective. Keep in mind that many of the federal assistance programs require at least 600 well planted seedlings per acre. To determine the number of seedlings required for any spacing you can use the following formula: Multiply desired spacing in feet and divide that product into the number of square feet in an acre. 

Example: Seedling needed to plant one acre at spacing of 6' X 12' feet 

6 X 12 = 72

43,560 square feet per acre 

43,560 / 72 = 605 Seedlings/Acre 

To be on the safe side make a 10% allowance for cull seedlings that are too small or large to plant. With the 10% added, round off to the nearest even 1000 seedlings. 

2.
Ask students how many trees it will take to plant a certain area (indicate location on photo that may need planting).
3.
Demonstrate how to walk off an area and determine acres.  


(Refer to Land Measuring Lesson)
4.
Discuss the factors to consider in regard to spacing. 
A.
species 





B.
government cost share programs available
C.
soil type

D.
machine or hand plant

E.
owner objective

F.
labor supply

G.
seedling source

H.
cost

5.
List on board some common spacing, with number of trees to be planted per acre for each spacing.

SPACING CHART

	FEET
	SEEDLINGS/ACRE

	5 X 10
	871

	5 X 12
	726

	6 X 8
	908

	6 X 9
	807

	6 X 10
	726

	6 X 12
	605

	7 X 9
	691

	8 X 8
	680

	8 X 9
	605

	8 X 10
	545

	8 X 12
	454

	10 X 10
	436


6.
Have a GFC forest ranger as guest lecturer to discuss ordering seedlings.

7.
Have a seedling application from GFC for each student to put in notebooks.

8.
What factors should be considered in regard to seedling care?  

A.
Time of year

Planting season in Georgia generally runs from early November till the middle of March. The optimum planting period is December to mid February. Some planting in early November is done to get historically wet areas planted or because of the large number of acres to be planted you need the extended time. Early planting before cold weather occurs can kill seedlings if they have not hardened-off while still in the nursery beds. Hardening-off is a physiological process where seedlings become acclimated to colder temperatures by reaching a stage of dormancy where active growth is temporarily suspended. To insure success of your planting program be sure the seedlings you get are hardened-off. If you have large areas to plant or anticipate possible delays during planting, you should arrange with the nursery to split shipments of seedlings to keep storage and handling to a minimum.

B.
Mode of transportation
Vehicles used for transporting seedlings should have a light colored tarp to shade and protect seedlings.  Do not transport seedlings in truck beds containing fertilizer, chemicals, or fuel residues.  Bags/bales should not be stacked over two deep per layer unless spacers are used to provide air circulation between layers.  Spacers should provide 2-4” of air space.  At least 12” of air space should be left between the protective cover and the top of the bags/bales to avoid heat build up.  Vehicles transporting seedlings should not park in direct sunlight.  In case of emergency stops or breakdowns when stops exceed 45 minutes, seedlings should not be planted until their condition has been determined.  Unload seedlings immediately upon arrival at destination.  Inspect and repair torn bags/bales immediately.

C.
Temperature

The excellent temperature range for planting seedlings is between 33° -75°F.  The marginal temperature range is 76° -85°F and the critical temperature range is 32°F or less and above 85°F.  DO NOT PLANT if the temperature is in the critical range.
D.
Storage of seedlings on planting site
Some nurseries bale seedling in moss. Seedlings packaged in this manner can be kept up to two weeks without reducing the quality of the seedling drastically. It is absolutely necessary that moss baled trees be watered regularly, everyday or two, to keep the seedlings in good condition. If seedlings are going to be held longer than two weeks, they should be heeled-in. The trees are taken out of the bales and the roots are placed in a shallow trench at the same depth as they grew in the nursery. They are then covered with dirt which must be kept moist as long as they are heeled-in. Seedlings baled in moss or heeled-in should be kept in water or wet moss on the planting machine or in the bucket when hand planting. Many nurseries have started dipping seedling roots in clay slurry before they are baled. These seedlings may be kept in the bales for three weeks when stored in a cool, well ventilated place. You should not water clay dipped seedling. This washes off the moisture holding layer of clay on the roots. During planting, clay coated seedlings need not be kept in water if planted promptly. Open bundles of clay dipped seedlings should be kept in a cool, shady place till they are planted. Do not leave clay dipped seedling roots exposed to the hot sun. It has also been found that clay dipped seedlings seem to be able to stand drought periods better than other seedlings.

Seedlings packaged in sealed bags may be kept up to two weeks if bags are kept sealed and they are stored in shade protected from the sun, rain, and cold. They should be placed in water on the planting machine as well as the hand planter bucket. As with the moss baled trees, the sealed bag trees should be heeled-in if it will be longer than two weeks before they are planted. If seedlings are frozen they should be allowed to thaw out before they are planted. Do not try to plant when the ground is frozen. 

Proper seedling storage must be provided prior to planting to maintain seedling quality. It is always best to plant seedlings as soon as possible after they have been lifted. The following procedures will help to maintain good seedling quality. 
1. Protect the seedlings from direct sun, high temperatures, and freezing temperatures. 

2. Provide cool, shaded conditions when transporting seedlings. 

3. Avoid exposing open ended bales to the wind to prevent drying out. 

4. Do not stack bales without providing ventilation space between the bales. 

5. Allow excess water to drain from bales to prevent souring and root decay. 

6. Do not stack bales or bags over two inches high to prevent crushing. 

7. At temperatures of 40F to 50F for several days the vigor of sealed bagged or boxed seedlings is reduced. 

8. Let frozen seedling completely thaw before planting. Longleaf seedlings are likely to be killed if frozen. 
9. Heeled-in seedlings should be lifted and planted before root growth begins. 


10. Carry only as many seedlings to the field as you can plant in a day.

E.
Humidity
The best relative humidity for planting is 50% and above.  Relative humidity between 30% - 50% is considered marginal and planting can take place with caution.  When the relative humidity is below 30%, planting should not be done.
F.
Cold storage

Refrigerated coolers should be kept between 33°F to 38°F.

G.
Wind 

The best wind speed for planting is less the 10 mph.  A 10 – 15 mph wind is marginal and a wind speed over 15 mph is not recommended to plant with.
H.
Available Soil Water

75% to field capacity is the best, 50 – 75% is marginal and less than 50% is critical.

9.
Methods for transplanting pine seedlings

The key to successful planting is the ability of the root system of the newly planted seedling to quickly begin taking up water and nutrients from the soil. Delay planting on dry soils or excessively wet soils because the seedlings cannot take up moisture if the soil is to dry or oxygen in very wet soils.

Depending on site conditions you have two options you can use to plant your trees. 


1. Hand Planting - A good crew can average planting 1000 seedlings 
per man day. Hand (obtain local costs, ex: $0.05 to $0.07 per 
tree)Most hand planters use a dibble bar which has a blade 
at least 
four inches wide and 10 inches long. Seedlings can be carried in 
buckets or planting bags, seedlings should be kept moist while in 
these containers. Do Not allow planters to carry seedlings in hand 
while planting, as seedlings dry out. 
PLANTING BAREROOT SEEDLINGS WITH DIBBLE

1.  Insert the dibble straight down into the soil to the full depth of the 
blade (8”-10”) and pull back on the handle to open the planting hole.  
DO NOT rock the dibble back and forth as this causes soil in the 
planting hole to be compacted, inhibiting root growth.

2.  Remove the dibble and push the seedling roots deep into the planting hole.  Pull the seedling back up to the correct planting depth (the root collar should be 1 to 3 inches below the soil surface).  Gently shake the seedling to allow the roots to straighten out.  DO NOT twist or spin the seedling or leave the roots J-rooted.

3.  Insert dibble behind seedling and twist it to help hold the seedling 
in place and close the top of the planting slit. 

4.  Push the dibble down to the full depth of the blade.


5.  Pull back on the handle to close the bottom of the planting slit.  
Then push forward to close the top, eliminating air pockets around the 
root.


6.  Remove the dibble and close and firm up the opening with heel. 

PLANTING BAREROOT SEEDLINGS WITH HOEDAD


1.  Strike blade almost vertically, full depth of the blade (8 -10”), into 
the soil.  Pull up on the handle to break the soil loose at the bottom of 
the hole.


2.  Slide hand down handle almost to blade.  Pull back and down on 
the handle to form a pocket on far side of blade.  With the other hand, 
immediately roll the seedling roots into the pocket to the full depth of 
the hole.

3.  Hold seedling in place while sliding the hoedad blade out of the 
hole.  Loose soil should fall into the hole holding the seedling in place.


4.  Pull blade completely out of the hole and push soil against planted 
tree with the tip of the blade.


5.  Use foot to firm the soil against the seedling.  Do not step on or 
bruise seedling with your foot.

 Planting Longleaf Pine
(Longleaf Alliance)
Using the correct tool when planting longleaf pine will result in better survival and better growth. As a rule of thumb, containerized longleaf pines have higher survival when hand planted. Bare root longleaf pines have higher survival when machine planted. If you're going to use a contract crew to plant your longleaf, make sure they are experienced. But remember, that (unless otherwise specified) most contract crews are paid by the number of longleaf that they plant and NOT the number of longleaf they plant which are alive six months later. Use the following information to help educate yourself on the proper tools used.

Hand Planting 
Everything else being equal (i.e., the planter's ability to use each tool efficiently), we've discovered that survival of longleaf varies less then 1 % between the tool type used.

Hand Planting Tools Pros and Cons (for container grown seedlings)

Plug Tools- an efficient tool that removes a small plug of dirt that the seedling fits snuggly into.

Pros: 
•If planters are properly trained, this may be the most efficient tool on bedded site, mechanically
site prepared areas, sands, and loams
•Less likely to plant seedlings too deep with plug tools
•Plugs retain round shape in the planting hole

Cons: 
•Bits clog quickly on heavier (more silt or clay) soils
•Generally not functional on rocky soils
•Variability in bit length and diameter make compatibility a concern with various plug sizes 
•May compact soil in planting hole if bit is not kept clear
•More expensive than other planting tools

Hoedads 
Pros: 
•Functional on all sites/soils 
•Often the best tool on rocky or heavy soils 
•Readily available from most forestry or planting equipment dealers

Cons:
•If care is not taken, seedlings may be planted at angles rather than vertically
•May plant seedling too deep, especially in softer soils
•Plug may be flattened when planting hole is closed up 

Dibble Bars
Pros: 
•Functional on all sites
•Most common and easily purchased planting tool
•Cheapest planting tool

Cons: 
•Seedlings may be planted too deep if laborers are not well trained
•Plugs are often flattened when planting hole is closed up 

Machine Planting:
Pros:
•Most effective means to plant bare root longleaf

•Can cover more ground faster then a hand crew

Cons:
•Cutover areas must be relatively free of debris which will otherwise obstruct movement of machine planter

•Takes of great deal of experience (and skill) to use effectively

•Not the most effective instrument to plant container longleaf pine 
 Planting Longleaf Pine

It is important to recognize that the depth at which trees are planted greatly influences their survival and growth. Next, it is important to recognize that there are drastic differences between the planting depth at which container and bare root longleaf pine need to be planted. The following are recommendations to follow when planting longleaf pine (with a note to pay special attention to the differences between seedling types).

Containerized Seedling Planting Recommendations:
•On many cutover sites the presence of logging slash, stumps, or uneven terrain makes machine planting difficult. Hand planting container-grown seedlings on "trashy" sites often allows for better depth control, as compared to machine-planting.

•Plant with adequate soil moisture. Usually this means in the winter time. However, some areas (like central Florida) receive a good bit of their precipitation in the summer time and have enjoyed success planting during that season.

 •Focus on anticipated position/depth of the terminal bud 6 months to 1 year post planting. 

 •On flat planted sites, instruct tree planters to leave plug slightly exposed ABOVE the soil surface

 •On scalped sites, instruct tree planters to leave 1 to 1 1/2 inches of the plug exposed

 •On extremely wet sites, leave 2 to 3 inches of the plug exposed (use a 6 inch plug)

 •Tell tree planters that you “want to see the plug.” 

 •Try to plant the longleaf pine seedling as vertically as possible.
Someone should supervise the planting operation making sure the 
trees are handled and planted correctly as well as properly spaced. 

10.  Divide students into groups of two and let each group plant one

row of trees.  Allow students to dig up seedlings to check root

placement in holes.

11.  Discuss possible planting problems:

A.
J rooting

B.
Correct depth


C.
Closure of planting hole from bottom first to get air out of 


hole

12. Machine Planting - Under normal conditions a machine planting 


crew can plant 8,000 to 10,000 or more seedlings per day.  Machine 
(obtain local costs, ex $0.06 to $0.09 per tree)The majority of the 
planting machines today operate with a manual system, where 
seedlings are placed into the trench by hand. Automated systems, 
where seedlings are placed in "fingers" which then place the seedling 
into the trench are used occasionally. Seedlings should be checked to 
be sure they are being planted straight, at the correct depth and 
spacing, as well as that the packer wheels are properly adjusted to 
pack the trench from top to bottom. L-Rooting can occur in machine 
planting if the machines are operated too fast.
13.  If possible, let students plant on a machine planter at plot or other site.

14.
Evaluating the planting


The next procedure you should follow in your planting operation is to 

evaluate the results. It is a good idea to go ahead and establish 


permanently marked points soon after you complete the planting 


operation. At each of these points you should take a plot 1/50 acre to 

1/100 acre in size and determine the number of seedlings you have 

per acre. Generally your first survival check is made at the end of the 

first growing season. Seedlings are then counted and compared to the 

initial number of seedlings that were on the plot. On small planting 


areas you can get a good survival check by counting all the trees on a 

section or complete row and then divide the living trees counted by 


the total trees counted. If your survival check reveals that you have at 

least 300 seedlings per acre growing and they are well distributed 


over the area, you should not replant. Avoid interplanting unless 


replant seedlings are at least 20 feet from the original seedlings. The 

established plantation should be protected from fire, livestock, certain 

insects, and wildlife to get a maximum survival of the young seedlings.


15.
Regenerated hardwood areas

In general, most hardwood areas in the southeast are left to 
regenerate themselves. Since hardwood can be regenerated by 
seeds, sprouts, or seedlings you do have some options and ways to 
establish hardwood stands. The lack of hardwood regeneration stems 
from such factors as:


a. long rotation age 


b. low stumpage prices 


c. poor quality due to sites 


d. uncertain land use policies 


e. sources for good seedlings 

f. hard to establish  


The following species of hardwood depending on soil types can be 
grown in the coastal plain and piedmont areas. 
	Coastal Plain
	

	Well drained, deep rich soil (river terrace)
	Sycamore, Sweetgum, Cottonwood, Ash, Water Oak, Willow Oak, Red Oaks

	Heavy, somewhat wet clays (mineral soils)
	Sweetgum, Ash. Water Oak, Willow Oak

	Permanently wet soils with clay base (muck or peat)
	None

	Deep sand
	None

	Shallow, sandy, loamy soils over clay base (over 6” topsoil)
	Sycamore, Sweetgum, Ash

	Piedmont
	

	Loamy, clayey, red, droughty (eroded)
	None

	Upland slopes and ridges; deep, loamy soil (little erosion)
	Sycamore, Sweetgum, Red Oaks, Yellow-Poplar

	Small bottoms (variable)
	Sycamore, Sweetgum, Ash, Water Oak, Willow Oak, Red Oaks

	Major River Bottoms
	Sycamore, Sweetgum, Ash, Water Oak,
Willow Oak, Red Oaks


Note - The species listed in this table are not the only species of hardwood that will grow on these sites. They are the major species that offer the best results.

Summary

Teacher reviews how to determine seedling needs, ordering procedure, and care of seedlings before planting.

Evaluation

 Written test
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