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Introduction
	Understanding how hardwood trees function under different nutrient availability further develops our understanding of forest nutrient use and cycling. Leaves are a nutrient-rich source that play a key role in the cycling of elements (Gosz et al. 1973). Autumn leaf senescence is the breakdown of chlorophyll and the resorption of nutrients back into the tree for winter maintenance (Buchanan-Wollaston 1997). By carefully timing senescence, deciduous trees find the balance between time they can continue photosynthesizing (Dragoni et al. 2011) and when they need to abscise their leaves before frost damage (Estiarte et al. 2015). 
Many variables contribute to the timing of leaf processes, also known as phenology (Richardson et al. 2006; Vitasse et al. 2009), but nutrient availability as a factor in fall hardwood leaf abscission fall is still an area lacking much investigation. Nitrogen (N) and phosphorus (P) are resorbed in the fall for overwintering and then used in processes leading up to the following growing season (Aerts and Chapin 1999). When fertilized, N and P resorption decreases (Yuan and Chen 2015) and may lead to earlier loss of leaves. The addition of calcium (Ca) to stands of sugar maple increased the spring phenological events of flowering and seed production (Halman et al. 2013). 
	In the fall of 2016, four leaf litter collections took place in 12 of the Multiple Element Limitation and Hardwood Ecosystem (MELNHE) project’s stands. In the White Mountains of New Hampshire, the stands are located in mixed hardwood forests which vary in age and species composition. By gathering leaf litter over four periods, we were able to examine the effects of nutrient availability on the timing of leaf fall. The first collection occurred on October 8th. The second took place between over October 17th and 18th. The third was during October 22nd - 24th. The final collection took place on November 5th and 6th, which was after most species, aside from American beech (Fagus grandifolia Ehrh.), had dropped their leaves. 
To better investigate the nutrient effects on autumn phenological events, the information gathered during the previous fall can be expanded to encompass the following spring litter collection. By enlarging our dataset to encompass litter that fell after early November, we are able to see the treatment effects of leaf senescence on trees that retain their leaves into the winter.   

Objectives
The objective of this experiment is to further develop our dataset to encompass late-fallen leaves. This allows us to explore the effects that fertilization has on the timing of leaf fall in temperate hardwood forests. By using a cumulative fraction fallen of leaves over five collection periods, we hypothesize mature tree in plots fertilized with Ca and N will have a larger fraction fallen for later collection periods in plots treated with N, N + P, and Ca.

Methods 
	Site description
This study will be conducted at three experimental sites located in the White Mountains of New Hampshire, USA: Bartlett, Hubbard Brook, and Jeffers Brook. These forests contain temperate hardwood trees and stands that vary in age (Table 1). The sites’ Spodosol soils were established by glacial drift (Vadeboncoeur, 2014). The location of the sites has a humid continental climate. Our project is a part of a larger study, MELNHE, which has stands that contain annually fertilized plots. The design of the plots is in a 2 x 2 factorial (control, N, P, and N + P). Since the spring of 2011, these plots have been fertilized annually with N as NH4NO3 at the rate of 30 kg N ha-1yr-1 and P as NaH2PO4 at the rate of 10 kg P ha-1 yr-1 (Fisk et al. 2014). In addition to the four plots, a one-time fertilization of calcium was applied to a fifth plot in stands C6 and C8 in the fall of 2011. The Ca plot was fertilized at the rate of 1150 kg Ca/ha in the form of wollastonite (CaSiO3). Most of the plots are 30 m x 30 m and are surrounded by a 10 m buffer. Jeffers Brook and Hubbard Brook have mid-aged stands which are 20 m x 20 m with 5 m buffers. 
	Field methods
Litter will be amassed using a plastic laundry basket as a collector with an area of 0.234 m2 (Fig. 1A). The collectors are anchored level and have mesh sides that allow for drainage (Fig. 1B). Stands C1, C2, C4, C5, C6, C7, C8, C9, HBO, HBM, JBO, and JBM contain five litter collectors in control, N, P, and N + P plots for a total of 20 collectors. Stands C6 and C8 have an additional five collectors in a Ca plot. The total number of collectors is 250. Collectors are placed systematically around each plot with four in the corner subplots and one in the center.
 Aside from large twigs, all materials in the litter collectors will be collected (including seeds) into Duro 5 paper bags. If a collector is turned over, broken so that the surface area is disturbed, or blocked by a tree branch in such a way litter is unable to accumulate normally into the collector, then the litter will be discarded. The litter will then be frozen to prevent drying or decay. 
	Sample processing
	In the lab, a frozen paper bag of litter will be microwaved for approximately a minute to defrost. The leaf litter will be sorted into bags of American beech, “other species,” or non-leaf. From there, the leaf piles will be separated between old (budded in the spring of 2016) and green (budded in the spring of 2017). The litter will then be placed into the drying oven for approximately 48 hours or until a constant dry mass is reached. After drying, the leaves will be pulled out of their bags and excess non-leaf material will be removed from each individual leaf and added to the non-leaf content. This allows us to maximize the amount of non-leaf material we’re gathering and minimize the error of non-leaf material inflating the mass of leaf contents. After the first 48-hour drying, we will brush off non-leaf material from each leaf. Small pieces of leaf material will fall into non-leaf piles. By using our fingers, we will pick out as many leaf pieces that are large enough to remove by hand. In order to determine the necessary level of thoroughness, we utilized forceps on a sample to remove small leaf material and we saw that there was a 0.01g difference after leaf pieces were removed. In the interest of time and effort, we have decided not to use forceps for small leaf material removal. The bags are then replaced into the oven for eight hours to recover a constant dry mass. After, we will weigh the litter.
	Data analysis
	For this experiment, the weights of “old” American beech and “other species” contents will be used to add to the 2016 litter fall data. We are not using leaves that leafed-out in the spring of 2017. By adding the mass of this collection period to the previous fall collections, we will find a cumulative fraction fallen. 
A one-way ANOVA will be used to determine a significance of nutrient additions on the cumulative fraction fallen by collection periods. An interaction term will allow us to see the significance of age of stand and treatment on when trees drop their leaves. If a significant difference was detected and the distribution was normal, the Least Means Squares method will allow us to further test differences between individual treatments. Statistical tests will be conducted with SAS University Edition (SAS version 3.6; SAS Institute Inc., Cary, NC).

Expected results:  
	The expected results for this project will further strengthen our results from last fall (fig. 2). We believe these results will have less of an impact on the younger stands results because their trees dropped their leaves earlier than mid-age and mature stands’ trees. Older stands have a greater species composition of trees with long-lasting leaves. The results we expect to find support our observations from fall 2016 that there is a delay in senescence when plots are fertilized with N, N + P, and Ca. We expect to find a significantly greater fraction fallen in these plots. 

Budget 
Time
The spring collection will take place during fertilizing week (Jun. 1st - 4th 2017). Shiyi Li and I will collect litter while plots are fertilized. This will take four days to complete. The time required for litter processing will however be less convenient. The amount of time needed to sort each bag of litter will be dependent on the amount of litter. Some bags will be completely filled with leaves while others contain a few. The time needed for one person to sort one collector’s worth (one paper bag) of litter will range between 7 - 20 minutes. The average amount of time for one person to sort one plot will be 65 mins. For one person to sort all plots, the average amount of time they would need is 54.2 hours (29.2 - 83.3 hours). The leaves will be wet when collected, therefore they need 48 hours in the drying oven (60 ºC) to reach constant mass. Approximately one stand’s worth of litter can fit into the drying oven at one time. Therefore, it would take about 24 days for all of the leaves to dry for the first time. After drying, the litter will be brushed off to remove excess seeds and non-leaf material. This will approximately take about 15 minutes for one litter collector’s worth. The litter will then go back into the oven for at least 8 hours to recover a constant dry mass. The total amount of time will be 4 days for all litter to go through the oven. Finally, the litter will be weighed. This should take 0.5 hours for a stand to be weighed. The approximate amount of time a four-plot stand will take to go through the entire process is 66 hours. Stands will be processed simultaneously, so efficiency will be maximized. 

Labor
	As for the people required for this project, any MELNHE crew member is able to sort or weigh litter. It takes approximately ten minutes to teach a new person how to sort and weigh litter. If the entire crew sorted litter for one day, we would get through one stage of sorting. After a few weeks of ovens running constantly, we could sort another entire day and finish the second sorting. After running for the oven for another week and a half, the litter would be completely finished in the ovens and weighed. 

Supplies
· 250 paper bags for litter collection 
· 750 coin envelopes 500 paper bags for sorting 
· Sharpies
· The tops of totes work as trays for sorting
· Drying oven set (60ºC) 
· Medium sized gloves
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Appendix

Table 1. Site description of stands in Bartlett Experimental Forest, NH. Species codes are BEPA (B. papyrifera), ACRU (A. rubrum), BEAL (B. alleghaniensis), ACSA (A. saccharum), FAGR (Fagus grandifolia), and PRPE (Prunus pensylvanica).
	Stand
	Cut (age class)
	Lat.
	Lon.
	Elevation (MASL)
	Aspect
	Slope
(%)     
	   Prominent Species Composition

	C1
	 1990 (young)
	44º 02N
	71° 19W
	570
	SE
	5-20
	   PRPE, BEPA, FAGR, ACRU

	C2
	 1988 (young)
	44 04N
	71 16W
	340
	NE
	15-30
	   BEPA, ACRU, FAGR, PRPE

	C3
	 1980 (young)
	44 02N
	71 18W
	590
	NNE
	8-20
	   BEPA, ACRU, FAGR, ACSA, PRPE

	C4
	    1978 (mid-age)
	44º 03N
	71° 16W
	410
	NE
	20-25
	   PRPE, ACRU, BEPA

	C5
	    1976 (mid-age)
	44º 02N
	71° 19W
	550
	NW
	20-30
	   BEPA, ACRU, PRPE, FAGR

	C6
	    1975 (mid-age)
	44 02N
	71 16W
	460
	NNW
	13-20
	   BEPA, ACRU, FAGR, PRPE, BEAL

	C7
	   ~1890 (mature)
	44º 03N
	71° 18W
	440
	ENE
	5-10
	   FAGR, ACSA, BEAL

	C8
	  1883 (mature)
	44 03N
	71 18W
	330
	NE
	5-35
	   BEAL, ACSA, FAGR

	C9            
	   ~1890 (mature)
	44 03N
	71 17W
	440
	NE
	10-35
	   BEAL, ACSA, FAGR

	HBM
	     1971 (mid-age)
	43º 56N
	71° 44W
	500
	S
	10-25
	   BEAL, PRPE, BEPA, ACRU

	HBO
	   ~1910 (mature)
	43º 56N
	71° 44W
	500
	S
	25-35
	   FAGR, BEAL, ACSA

	JBM
	     1985 (mid-age)
	44º 02N
	71° 53W
	730
	WNW
	25-35
	   PRPE, ACSA, BEAL, BEPA

	JBO
	   ~1900 (mature)
	44º 02N
	71° 53W
	730
	WNW
	30-40
	   ACSA, BEAL, FAGR
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[bookmark: _GoBack]Figure 1. A: A litter collector level and anchored securely in a plot. The area of the basket is 0.234 m2.  B: The dimensions of the litter collector’s mesh sides.
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Figure 2. The average fraction fallen (S.E.) in baskets (n=5) for plots in each stand in 2016 leaf litter year from Bartlett, Jeffers Brook, and Hubbard Brook, NH.


















[image: ][image: ../../../../../Desktop/Screen%20Shot%202017-06-07%20at%205.58.50%20PM]Collection Period (days of month)
Fraction Fallen

Nov. 5th - 6th
Nov. 5th - 6th
Oct. 22nd - 24th
Oct. 17th - 18th
Oct. 8th
Aug. 1st- 3rd 
Nov. 5th - 6th
Oct. 22nd - 24th
Oct. 17th - 18th
Oct. 8th
Aug. 1st- 3rd 
Nov. 5th - 6th
Oct. 22nd - 24th
Oct. 17th - 18th
Oct. 8th
Aug. 1st- 3rd 
Aug. 1st- 3rd 

Oct. 22nd - 24th
Oct. 22nd - 24th
Oct. 17th - 18th
Oct. 8th
Aug. 1st- 3rd 
Oct. 8th
Nov. 5th - 6th
Oct. 17th - 18th


Figure 2. The average fraction fallen (S.E.) in baskets (n=5) for plots in each stand in 2016 leaf litter year from Bartlett, Jeffers Brook, and Hubbard Brook, NH.





image5.tiff
All Bartlett Stands





image6.png
E
=

8za%8

Tt





image1.emf









image2.jpeg




image3.tiff
2.0 cm

S SR 0y L.
% BN 9_
mﬂm @!





image4.png
B
MNPw&

w9 as noN

o2 -z 20

BTl W0

w0

s et A0y

8- us noN

5222 130

BTl W0

80

st A0y

w9 us noN

45222 130

WBL- LT W0

8w

s A

8-S noN

ve-zz w0

BTl W0

w0

st A0y

9-us noN

o2 -z 20

BTl W0

w0

st A0y

o
08

g 3 s 2 3 38

uajjeq4 uonaelq

00

Collection Period (days of month)




