Planting density effects on biomass
growth of hybrid poplar clones in
Michigan: A sixth-year update.
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Stand Development Fundamentals

* Crop biomass per unit area increases without
mortality until canopy closure, regardless of
density. Stand development after canopy
closure includes mortality. (Yoda, et. Al.; 1963)

* Crop biomass accumulation after canopy
closure is differentially distributed among the
surviving stems.

This is the biological underpinning of thinning

theory.




Distribution of Biomass Among Stems

After canopy closure...

Spacing/Density effects individual tree
parameters (e.g. DBH, Ht, and volume)

Spacing/Density has little effect on stand
parameters (e.g. Basal Area (BA) and Biomass)

* The rate of biomass accumulation in the stand
initially increases but eventually slows.

(Johnson; 2008, McAlpine, et. al.; 1966)




Variables to Consider

* Crop Factors

— Genetics, pest resistance, resource use efficiency,
biomass partitioning above and below ground.

e Site Factors

— Soil fertility, sunlight, moisture availability,
growing season length & temperatures.

* Management Factors

— Competition control, phytophagy, fertilization,
irrigation, rotation length, planting density.




So What?

* Plant enough stems so that they occupy the
site and convert site resources into crop
biomass quickly.

 Don’t plant too many, because then you just
waste money on unnecessary trees.

* Wait to harvest until biomass production has
been optimized but not so long that the

biomass produced does not pay for the initial
investment plus interest.




Previous Work With Poplar

* Planting densities below 1,100 s/h are optimal
for producing solid wood products like
pulpwood and sawtimber but not biomass.

e Biomass production on “short rotations” was
roughly equivalent over densities ranging
from 3,000 to 40,000 s/h.

* Here we tested planting densities between
these two limits.
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Experimental Design

Randomized block design with four blocks

* Seven poplar taxa
— P. deltoides (D105)
— P. xcanadensis (DN5, DN34, NE222, & 14551)
— P. nigra X P. maximowiczii (NM2 & NM6)

Three densities
— 1,900, 2,200, & 2,700 stools/hectare
0.04-ha “main plots” (1/10t acre)
— 2.44m between rows

— Variable spacing within rows (2.13, 1.83, & 1.52m)
— OQutside 2 trees excluded from “measurement plot”

Target rotation age: 8 years




Plantation Layout
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Total biomass of 7 poplar clones after 6 grgxlling seasons in a spacing trial in Escanaba,

Biomass (Mg/ha)
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Figure 3: Severity of Septoria musiva infection in 7 poplar
clones after 6 growing seasons in Escanaba, Ml
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Annual Biomass Inarement (dry Mg/ha-yr)
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Figure 4: Mean annual biomass increment (MAI) and Periodic annual biomass
increment (PAI) of NM6 projected over 7 years.
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Figure 6: Mean annual biomass increment (MAI) and Periodic annual biomass
increment (PAI) of D105 projected over 7 years.
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Figure 1: Break-even Analysis of Poplar Production for NM6 hybrid poplar

(Present Value)

Discount rate 5%
Calendar Year within project
i orice _ 2014 2015 2016 2017 2018 209 | 2020 | 2021 | 202 | 2023 | 2004
(2014 dollars) unit =iz plant Tend idle Elposinle Subsequent years in which harvesting may occur
pre paration harvest
Number of Interest Periods or Growing Seasons| 0 1 2 3 4 5 6 7 8 9 10
ablishment Costs
Herbicide Chemical S 7.00 S/acre S 7.00
Herbicide Application S 6.00 S/acre S 6.00
Tilliage s 20.00 S/acre S  2000[$ 4200
Plantation Layout S 15.00 S/acre S 15.75
Herbicide Chemical S 75.00 S/acre S 7875 | S 82.69
Herbicide Application S 6.00 S/acre S 630 ]S 6.62
Tilliage s 2000 S/acre s 2100|5205
Planting Stock S 0.12 S/cutting S 97.90
Planting Labor S 0.05 S/cutting S 40.79
Sub-Total Establishment Costs S/acre S 3300 | S 302.49 | S 111.35
Adjusted Establishment Cost for sensitivity 100%| % of base cost | § 3300 | S 302.49 | S 111.35
Establishme nt subsidy % of full cost/a S - S -
Recurring Operating Costs
Land Rent S/acre 25.00 2625|5  27.56|$  28.94 3039 S 3191 |8 3350 |S 35185  3694|S  3878|S 4072
Plantation Management S/acre 10.00 1050[s 1103|s 1158 1216] 8 1276 [ s 1340(s 14075 1a77[s 15513 16.29
COST SUMMARY
Annual Expenses S/acre S  6800|S 339245 14994|5 402 402543 4467 | S 4690 |5 4925|s s171Ss  s430[$ 57.01
Accumulating Future Value of Costs S/acre 68005 410645 58L12|S 65069 72577 | § 806.72 | $ 893.96 | 98791 |5 1080.02|s 1197775 131466
Accumulating Biomass
Biomass MAI (from spacing trial) 6.49 7.45 7.49 660 5.0 5.20 470
Biomass MA | (converted to english units) 2.89 3.32 3.34 294 2.59 2.32 2.10
Adjusted Yield (for sensitivity analysis) m % incr. or decr. 2.89 3.32 3.34 294 2.59 2.32 2.10
Accumulated Biomass 11.57 16.62 20.04 20.59 20.69 2087 2096
Harvesting Costs
Harvesting Cost per dry ton s/dry ton 25.53] s 26.80 | $ 2814 |3  2955|s  3103[$ 32583 34.21
Harvesting Cost per Acre s 295.40[ s 44545 [$ 56398 |[$ 60840 S 64208[S 67999[s 717.04
TOTAL future value FARM GATE cost $ 1021.17|$ 125218|$ 1457.95|$ 159632 [$ 173109|S 187776[s 208171
FARM GATE BREAK-EVEN Price $ 7259 |$ 59.03 | $ 54.29 | $55.10 | $56.62 | $57.99 | § 59.50
(Present Value )
Hauling cost for biomass to Mill 1500| $/dryacre | s 211.00[ s  31818]s 40284 s 43as7|s asse3|s ass71]s 512.17
TOTAL future value MILL GATE cost S  123217|S 1570365 186079 |$ 203089 [$ 218972|$ 2363.47[S5 254388
MILL GATE BREAK-EVEN Price
S 8759 (S 74.03 (S 69.29 | $70.10 | $71.62 | $72.99 | § 74.50
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Figure 7: : Farm Gate break-even price for poplar biomass over
various rotation lengths (2014 dollars)
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5160 Figure 8: Sensitivity of FARM GATE break-even price for a dry ton of 6-year-
$150 A old NM6 poplar chips to changes in yield and production costs
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Conclusion

1. Planting density had no impact on biomass
productivity but choice of clone did. NM6
was the best (45 dry Mg-hat) while D105 was
among the poorest (21 dry Mg-ha?) after six
vears. While choosing the proper clone can
significantly improve SRE Plantation
profitability, there is no advantage to
increasing planting density above 1,900

stools-ha™.
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Conclusion

2. Disease is beginning to reduce growth and
increase mortality of certain clones. NM2 is
heavily infected by Septoria musiva. Stems
are breaking and mortality is increasing. Only
the slowest growing clones are lightly
infected. Breeding clones that combining fast
growth with disease resistance should be the
highest priority of all research efforts.
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Conclusion

3. Biological rotation for the faster growing
clones (like NM6) was reached after six years
and appears to be coming in year eight for
the slower growing clones (like D105). The
lowest break-even price for NM6 was S54/
dry ton after six years and appears to be S70/
ton for D105 after nine years.
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Conclusion

4. Break even prices are sensitive to establishment
and harvesting costs. Increases in yield drive
break even prices significantly down in much the
same was as plantation establishment subsidies
do. Yield losses are catastrophic to the finances
of SRE Plantation systems. Research and
education to help growers avoid management
errors together with simple good luck in
avoiding bad weather and crop predation are
absolutely critical to the financial success of SRE
Plantations.




THANK YOU...

rmiller@msu.edu
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