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Abstract

Little is known about the specifics of spring sap production in Alaskan birch 

Betula neoalaskana Sargent. With an emerging industry in Alaska based on the harvest 

of birch sap, additional information is needed. This thesis is an exploratory study that 

investigates the production of sap during the 2002 and 2003 spring seasons in the 

Fairbanks region and characterizes the dissolved solid components of the sap harvested in 

2003. April 2002 and 2003 had strongly contrasting weather patterns which affected sap 

yields. In general, trees yielded more sap in the wet, cool spring of 2002 than the dry, 

warm spring of 2003. Larger diameter trees yielded more sap in both years, and this 

correlation was stronger during the dry, warm spring. Stand location on the hillside and 

indicator species were also related to sap yield. Carbohydrate content of birch sap is 

mostly glucose (44%) and fructose (40.3-54.6%); sucrose and galactose are also present. 

The relative concentration of carbohydrates varied throughout the sap season. 

Macronutrients (Ca, K, and Mg) and micronutrients (Mn, Fe, Al, Na, Zn and Cu) are 

present in the sap; their concentrations increase throughout the season.
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Chapter 1: An introduction and background information on birch sap 

Problem statement

Little is known about the specifics of spring sap production in Alaskan birch. 

With an emerging industry in Alaska based on the harvest of birch sap, additional 

information is needed. This thesis is an exploratory study that investigates the 

production of sap during the 2002 and 2003 spring seasons and characterizes the 

dissolved solid components of the sap harvested in 2003.

This introductory chapter describes the birch species present in Alaska, how 

people use birch as a non-timber forest product (specifically by harvesting sap), and the 

physiology of sap transport in the tree. The second chapter focuses on field 

measurements made from three transects of birch sites (a total of nine sites) during the 

sap season, the amounts of sap harvestable, and field measurements of sap sugar content. 

The third chapter presents results from laboratory methods used to examine the amounts 

of specific sugars and cations in sap harvested from the same nine sites throughout the 

2003 sap season. The measurements were taken to assess the presence and then the 

changes in amounts of sugars and cations throughout the tapping season. Finally, the 

conclusion highlights key findings from the study.

Birch in Alaska

The boreal forest in the Interior of Alaska spans the area from the western coast of 

Alaska to the Canadian border and from the Alaska Range to the Brooks Range (Pojar 

1996). Interior Alaska has ten million acres of commercial forest land (Wurtz and
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Gasbarro 1996). One state land base, the Tanana Valley State Forest (TVSF), covers 

1.78 million acres and is dedicated to multiple use (AK DOF 2001). Only a small 

percentage of the TVSF is white spruce, the sought-after species for commercial timber. 

There are large quantities of hardwoods, especially birch (Betula neoalaskana Sarg.) and 

mixed spruce-hardwood stands. A study completed in the 1990s used satellite imagery to 

map vegetation on 28.4 million acres of the Tanana River Basin (Hammond 1996). Of 

the mapped area, 599,000 acres (2.1%) were classified as white spruce dominated forest, 

and 1,801,000 acres (6.3%) were hardwood dominated forest (Hammond 1996). In 

addition to birch, hardwoods present in the Tanana Valley include quaking aspen 

( Populus tremuloides Michx.) and balsam poplar (Populus balsamifera L.). Currently, 

birch is utilized only for a few specialty items in Interior Alaska. A number of factors 

contribute to the low utilization of Interior Alaska commercial forest land, including 

economic conditions and landowners declining to give long-term timber leases (Wurtz 

and Gasbarro 1996).

Birch species are complex and difficult to classify because of their tendency to 

hybridize. According to recent classifications described in Volume 3 of the Flora of 

North America (1993+) three species of birch trees grow in Alaska: Betula neoalaskana 

Sarg., Betula kenaica Evans, and Betula papyrifera Marsh. In addition, there are three 

recognized species of shrub birch in Alaska: Betula nana L., Betula glandulosa Michx., 

and Betula occidentalis Hook.

The primary birch tree species in Interior and South Central Alaska is B. 

neoalaskana (Figure 1.1). Until recently B.neoalaskana was classified as a subspecies of
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B. papyrifera. Alternatively, B. neoalaskana was referred to as Betula resinifera Regel 

(Flora of North America 1993+). B. papyrifera, the prominent birch tree species in 

Southern Canada and the area around the Great Lakes, reaches into Alaska in a limited 

area around Haines. At the chromosomal level, ploidy level differentiates B. 

neoalaskana and B. papyrifera: B. neoalaskana is diploid while B. papyrifera is 

polyploid. B. neoalaskana is a Beringian member of the circumpolar Betula complex, 

which also includes the boreal Eurasian B. pendula Roth and B. populifolia Marshall 

along with other Asian species, but not B. papyrifera. B. neoalaskana is most closely 

related to Asian species such as B. japonica Siebold, B. mandshurica Regel, and B. 

platyphylla Sukaczev (Flora of North America 1993+).

Figure 1.1 Distribution of Betula neoalaskana Sarg. (from Flora of North America 
1993+)



Betula kenaica and Betula papyrifera have smaller populations and more 

restricted distributions in Alaska than B. neoalaskana. B. kenaica (Figure 1.2) is the 

smallest in physical size of the three Alaskan birch tree species. It is the main birch 

species in the Kenai Peninsula although its range extends beyond that area to adjacent 

areas of Southcentral Alaska. B. kenaica is most likely derived from B. papyrifera (Flora 

of North America 1993+). The range of B. papyrifera (Figure 1.3) spans Canada and the 

northern United States. The variant Betula papyrifera var. commutata is found along the 

Alaska-Canada boarder near Haines (Flora of North America 1993+).
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America)

Non-timber forest products

Recent Alaskan history is filled with boom and bust cycles of natural resource 

use. The sea otter harvest of the 19th century and the gold rush at the turn of the century 

began the trend for other periodic natural resource extractions of the 20th century such as 

mining, oil, and timber. The problems that have resulted from this history of cyclic 

exploitation have generated interest in sustainable utilization of Alaska’s renewable 

resources, including forests. Management agencies, cultural groups, private industry, the 

scientific community, and the community-at-large have all shown substantial interest in 

developing non-timber forest products (NTFPs) in the state. Over 30 presenters from



those groups spoke at the first statewide “Hidden Forest Values: The First Alaska-Wide 

Non Timber Forest Products” conference and tour in Anchorage in November 2001. 

Hidden Forest Values II was held in Sitka in October or 2004. Alaskans are clearly 

interested in developing new industries and management practices for NTFPs. However, 

large gaps in knowledge exist with regard to for many of the basic biological aspects of 

NTFP resources.

The Dictionary of Forestry (Helms 1998) defines non-timber forest products 

(NTFPs) as “all forest products except timber, including resins, oils, leaves, bark, plants 

other than trees, fungi, and animals or animal products -  synonym special forest 

products.” The most common NTFPs are wild berries, tree boughs, mushrooms, and 

maple syrup, but an extensive definition of NTFPs includes fuelwood, fodder, bamboo, 

bushmeat, turtle eggs, elephant tusks, and even a snake charmers’ snakes (Thadani 2001). 

NTFPs are limited by people’s innovation in utilizing materials from the forest. NTFPs 

can contribute to a community’s economy and culture by providing alternative energy, 

nutrition, cultural products, and employment opportunities (Thadani 2001).

Birch as a non-timber forest product

Non-timber uses of forest resources can greatly increase the value of forest 

resources. A paper birch tree may only be worth a couple of dollars when processed into 

pulp or chips (Turner and Cocksedge 2001). Don Ryan, a Chief Negotiator of the 

Gitxsan tribe in British Columbia, Canada, determined that his people can convert a 

single birch tree into over $1,000 worth of bark baskets, carving spoons, bowls, and
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masks (Turner and Cocksedge 2001). The potential pharmaceutical value of a birch tree 

may even surpass the artisan value since betulinic acid (extractable from birch bark) is 

now being tested as a treatment for malignant melanoma (Pisha et al. 1995). Betulinic 

acid also has been shown to slow down the progression of HIV 1 infection (a precursor to 

AIDS). In addition to its antiviral property, its antibacterial activity inhibits the growth of 

Staphylococcus aureus and Escherichia coli (Pisha et al. 1995).

Spring birch sap is a key non-timber product. According to the Dictionary of 

Forestry (1998) sap is “the fluid contents circulating through dead xylem cells or canals.” 

Trees transport nutrients including sugars, amino acids, and minerals from where they 

were stored over the winter to where new leaves are developing. This sap can be 

harvested for human consumption. In North America, maple sap is harvested in Canada, 

the Northeastern states, and the Midwestern states. Maple sap is boiled down to produce 

maple syrup. In other areas of the Northern Hemisphere, birch sap is harvested. Like 

maple sap, birch sap can also be boiled down to produce syrup.

Birch sap is an important cultural icon. The Korean festival “Yakusuje” celebrates 

birch sap and dates back over a thousand years (Woo 1995). During this festival, birch 

sap is harvested from Mt. Chiri, the highest mountain in Korea. The participants make an 

offering of birch sap to their god and pray for good summer rain, a productive harvest 

season, peace, health, and prosperity. The festival has been modernized, and now draws 

in festival-goers with a gamut of activities, competitions, and tournaments, including 

fireworks, a traditional music concert, a beauty contest, a Sumo wrestling competition, a
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Go tournament, and a handwriting tournament. Yakusuje now serves as a cultural event 

as well as a source of economic development for the area around Mt. Chiri (Woo 1995).

Birch sap is part of the traditional medicine of many northern countries including 

Japan, Korea, China, Finland, and Russia (Terazawa 1995). Sap is drunk as a health 

tonic. Table 1.1 lists some of the most common ailments birch sap is used to treat and the 

different countries where people use birch sap as traditional medicine. Birch sap is used 

in traditional medicine to treat a variety of ailments including hypertension, urinary 

problems, gout, decreased work capacity, gastritis, and scurvy (Terazawa 1995). A few 

claims on the health benefits of consuming birch sap have been examined by scientific 

methods (Drozdova et al. 1995, Drozdova et al. 2000). Wistar rats fed birch sap in place 

of water show a 12% greater work capacity than the control group, and the cardiovascular 

system of rabbits fed birch sap in the study received less damage under acute stress than 

that of the control group. A Russian research group infers that health benefits associated 

with sap consumption are linked to its mineral composition, specifically magnesium, 

zinc, and copper (Drozdova et al. 1995).
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Japan Kprea China Einland Ru$sia

Hypertension X X X
Urinary problems X X X X
Gout X X X X
Decreased work capacity X X X X
Gastritis X X X X
Kidney problem X X X
Scurvy X X X

Table 1.1 Traditional medicinal uses of birch sap. This tables lists the seven ailments 
that birch sap is used to treat in multiple traditional medicinal practices (adapted 
from Terazawa 1995).

Research on sap use and aspects of harvesting sap from trees is a growing field of 

investigation. The first International Symposium on Sap Utilization (ISSU) brought 

together scientists from the circumpolar north to discuss sap; the conference was held in 

Bifuka, Hokkaido, Japan in 1995. The conference proceedings provide a wealth of 

information on the current state of sap research. Scientists reconvened in Bifuka in 2000 

for the second ISSU. A limited number of researchers from North America attended, and 

their main research interest was in maple sap. However, the majority of attendees at the 

conference conducted research on birch sap. Papers presented at these two conferences 

cover a range of topics including ecology of birch stands, sap utilization, sap flow 

physiology, and pharmacological activities of birch compounds.

Birch sap in Alaska

Currently in Alaska, birch sap is harvested on a small scale. Birch sap is used 

differently in Alaska than in Northern Europe and Asia where sap is utilized as a 

beverage. The majority of birch sap in Alaska is processed into birch syrup and value-



added syrup products. The one company that does produce a sap beverage is Great Land 

Wines in Haines, Southeast Alaska. Great Land Wines makes birch wine from sap it 

buys from a local birch syrup producer.

Carroll Phillips and his wife Josie, the first people to commercially tap trees in 

Alaska, began tapping on their property in 1968 (Phillips 2001). The Phillips produced 

syrup from their trees in Fairbanks for fourteen spring sap seasons before retiring from 

the laborious work. The syrup was sold locally. The Phillips’ inspiration stemmed from 

an article about birch syrup in a Canadian magazine that showed missionaries and the 

local Natives making birch syrup in the 1920s near Yellowknife, Northwest Territories. 

Birch syrup was important during that period since it was the first sweet candy of the year 

and harvested before summer season foods were available (Phillips 2001).

In 1990, three different operations started simultaneously, unbeknownst to each 

other: Original Alaskan Birch Syrup Co. in Fairbanks, Kahiltna Birch Works at the base 

of the Kahiltna Glacier (about 35 miles off the road system), and Cameron Birch Syrup 

and Confections in Wasilla. The owners of Kahiltna Birch Works started producing birch 

syrup for personal consumption in 1985 after hearing about birch sap from a neighbor; 

they decided to go commercial in 1990 and see if “it was worth a try.” Marlene 

Cameron, owner of Cameron Birch Syrup, says that her inspiration for starting a birch 

syrup company was “serendipity.”

Birch syrup producers in Alaska are spatially separated: three are in the 

Matanuska-Susitna Valley, one at the base of the Kahiltna Glacier, two north of the 

Alaska Range in the Fairbanks area, and one down south in Haines.
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Birch syrup producers formed the Alaskan Birch Syrup Association (ABSA) in 

1992 “in an effort to create a certain amount of cohesiveness and validity for the 

industry” (Cameron 2001). ABSA is an informal association of birch syrup producers 

that promotes communication among its members. The objectives of ABSA are to 

promote Alaskan birch syrup and to create a set of best practices and standards for 

members to follow while collecting sap and producing syrup. ABSA’s main activity is 

sponsoring a booth at the Palmer State Fair where participating syrup producers can sell 

their products and disseminate information about tapping birch trees. Some of the birch 

syrup products manufactured by ABSA members include: birch-maple syrup, pure birch 

syrup, birch sauce and marinade, birch toffees, reindeer jerky made with a birch syrup 

brine, and birch caramel ice cream topping.

ABSA has adopted best practices for birch tapping modeled after maple tapping 

and syrup production. However, Alaska producers use a variety of tapping methods and 

syrup production systems. In 2001, a survey by the Alaska Boreal Forest Council 

complied information about the sap collection, syrup production, and product and 

business information of members ABSA (ABFC 2005). Six of the seven ABSA 

members responded. The report documents that sap harvesters use both power drills 

along with brace and bits to tap trees. Harvesters use stainless steel, plastic, and nylon 

spiles in the tree for harvesting sap, and all collect the sap at least once a day. Only one 

harvester had a significant loss of sap from fermentation. ABSA harvesters showed 

concern over the health of the trees due to tapping, and all practiced sanitation measures.
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Alaska harvesters tapped trees growing under a variety of different land ownerships 

including residential, private, borough, state, and native corporation (ABFC 2005).

All of the companies responding to the ABFC survey produce birch syrup from 

the sap that they harvested, and the majority produced additional value-added products 

from the syrup. Half of the companies use reverse osmosis in the syrup-making process 

in order to concentrate the sap before boiling it. Both fuel oil and wood are used in the 

boiling process. The total amount of syrup produced per company for 2001 (including 

Top Quality Syrup, Baking Quality Syrup, and Fructose-Added Syrup) ranged from 10 

gallons to 600 gallons (ABFC 2005).

Although the companies are quite small and usually only have one to three year- 

round employees, the number of birch sap companies in Alaska has steadily increased 

since 1990. Birch syrup producers are developing their own niches and utilizing patents, 

trademarks, and certifications for their products. Survey respondents reported that their 

main need is business and financial planning (ABFC 2005).

The ascent of sap

The mechanism by which sap begins to move through a trees’ vascular system 

after breaking winter dormancy is not completely understood. The most widely accepted

theory is called the ascent of sap. The ascent of aap is described differently for maple 

and birch (Saupe 2003).
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Maple relies on a freeze-thaw cycle to produce sap flow. In order to have sap flow 

in maple, below-freezing nighttime temperatures must be followed by daytime 

temperatures above freezing (Kramer and Kozlowsi 1960). The larger the temperature 

fluctuation, the better the sap flow. When the water in the sapwood of maple trees gets 

cold, the gases dissolved in the water (such as carbon dioxide) contract and take up less 

volume (Koelling and Heiligmann 1996). The contraction causes a vacuum effect 

(negative pressure) in the sapwood and draws in water from surrounding cells. A chain 

reaction is created as water leaves one area, the void is filled by drawing more water into 

the tree, and the tension is propagated all the way down to the roots of the tree. As the 

temperature continues to drop, the water begins to freeze and the gases are then trapped 

in the ice. Since water expands as it freezes, a positive pressure builds in the xylem 

tissue of the tree. If a hole is drilled into the stem, sap will flow out of the hole once the 

water melts in order to relieve the pressure (Koelling and Heiligmann 1996). The maple 

sap flow system is based on the fluctuation between freezing/thawing and 

negative/positive pressure (Kramer and Kozlowsi 1960). Therefore, the maple sap 

season lasts only as long as temperatures cycle between freeze and thaw, and maple sap 

flows mostly during the day (Kramer 1983).

Spring sap flow in birch differs from spring sap flow in maple because birch utilizes 

root pressure as its main mechanism for moving spring sap (Saupe 2003, Kozlowski and 

Pallardy 1997). Root pressure is caused by water moving osmotically into the root 

because of the large concentration of ions (such as potassium and calcium) or other 

substances (such as sugars) in the roots. The roots will expend energy to actively pump
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ions into the stele of the root (Campbell 1993). This concentration of ions and sugar 

draws water into the stele and builds up pressure. This forces the water and dissolved ions 

and sugars up (against gravity) into the stem of the tree. Root pressure causes a birch 

stump to weep sap in the spring. Unlike the maple sap season, the birch sap season is not 

based on the freeze/thaw cycle (Kozlowski and Pallardy 1997). Because of root pressure, 

birch sap can flow during the night, and the birch sap season is not dependent on the 

occurrence of freezing periods.
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Chapter 2: Sap yields and stand characteristics 

Introduction

Previous studies of sap production in northern birch began as early as 1944 with 

L.P. Johnson’s “Sugar production by white and yellow birches.” The majority of birch 

sap publications is from former Soviet Union countries (specifically Ukraine) and 

published in Russian journals primarily during the 1970’s. These Eastern European 

publications include papers focusing on sap yields, climatic influences, effects of tapping 

on tree health, and the economic potential of birch sap.

The largest collection of studies on sap production in birch were conducted by V. 

P. Ryabchuk and focused mainly on Betula verrocosa1 and B. pendula in the L’vov 

region of Ukraine. Work by Ryabchuk and his colleagues most relevant to this study of 

Alaskan birch involve sap flow in B. verrucosa, B. dahurica, and B. platyphylla harvested 

during 1972 and 1973 from trees grown in an arboretum. Measurements showed that B. 

dahurica and B. platyphylla sap began to flow first and at lower temperatures, flowed for 

a longer period, and had higher sugar contents than the B. verrucosa. Considerable 

differences in sap yields were demonstrated within individual trees of the species 

(Kalinichenko 1974).

Specific aspects of birch and maple sap production in Canada have been 

compared. Sap production was compared in five species of hardwood trees growing in 

the Morgan Arboretum in Quebec, Canada (Jones et al. 1987). Specimens examined 

include two white birch ( B.papyrifera Marsh.), one sweet birch lent L.), one yellow

1 Species authors not specified in English translation



birch (B. alleghaniensis Britt.), two sugar maple (Acer saccharum Marsh.), and three red 

maple (A. rubrum L.). Data on sap collection include length and dates of sap flow, 

volume of sap harvested, and sugar concentrations of sap. While informative, the study 

contained a small sample size. Also, sap was collected from each tree only during either 

1984 or 1985, so different spring weather conditions influenced the results. White birch 

sap flowed for 23-29 days from April 3rd through May 3rd. The flow periods for birch 

began slightly later but overlapped with the flow period for maple. The total quantity of 

sap collected from white birch was fairly high (80.5 L and 52.0 L) compared with sweet 

birch and yellow birch (48.0 L and 28.4 L, respectively). The red maple produced 27.7- 

32.3 L of sap per tree while the sugar maple produced 53.5 L. Sap from the B. papyrifera 

measured with a refractometer had nearly twice the sweetness of sap as found in the other 

birches, but only one-quarter to one-half the sweetness of maple sap (Jones et al. 1987).

The only previously published study of Alaskan birch sap examined sap flow in 

the Tanana Valley during 1976 and 1977 (Ganns et al. 1982). Sap production by trees at 

three sites in the Bonanza Creek Experimental Forest and at the Carrol and Josie Phillips’ 

property along Farmer’s Loop Road in Fairbanks showed great variability in the amounts 

of sap produced in the two sap seasons. In 1977, 175% more sap was harvested than in 

1976. Average sap harvest per tree decreased significantly with increasing elevation in 

the Bonanza Creek sites. Tree diameter and sap yield were not correlated in the 1976-77 

study as had earlier been reported in Betula verrucosa2 by Korolyak and Tomchuk 

(1973). The average carbohydrate content of sap in Tanana Valley birches was 0.9% by
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weight. Dates of start and end of sap flow were variable during the 1970’s: start of flow 

began as early as April 12th (1973) and as late as May 5th (1972). Flow ended as early as 

April 29th (1976) and lasted until May 20th (1972) (Ganns et al. 1982).

The body of previous research on birch sap still leaves many questions 

unanswered. While many important aspects of sap harvest have been examined in 

Eastern European species of birch, it is not clear how transferable that information is to 

sap production Alaskan birch. The 1976-77 Ganns et al. study in the Tanana Valley 

(1982) is a good start to understanding sap harvest in B. neoalaskana', but it also raises 

more questions. The purpose of this current study was to examine how sap harvest (both 

in volume of sap produced and sugar content of sap) varied between different positions 

on the landscape and in different regions around Fairbanks, Alaska. Sap yields versus 

tree diameter was investigated. The study also looked at sap yields in the years 2002 and 

2003 in order to investigate temporal differences in sap harvest. Finally, the vegetation 

understory was surveyed to determine if differences in sap yields could be correlated with 

floristic composition.

Methods

Transect and site design

Two forms of replication were incorporated into this study to account for within-stand 

and between-stand variability. Three transects containing three sites each were selected 

in the Fairbanks region (Figure 1.1, Table 2.1). All sites selected were south-facing and 

dominated by birch. Ten birch trees were selected at each site (a total of 90 trees

20



included in the study). Each transect included a stand near the top of the slope, mid

slope, and the bottom of the slope (Table 2.2).
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Figure 2.1 Map of birch tapping sites around the Fairbanks vicinity.
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Table 2.1 Physical location of birch tapping sites measured in degrees latitude 
and longitude. ________________________________

Site Latitude
Longitude

Zachel 64° 54’ 8.38” N 148° 10’ 29.19” W

Wood 64° 53’ 53.88” N 148° 10’ 37.75” W

Pearl Creek 64° 53’ 33.73” N 148° 11’ 18.22” W

Calypso 64° 50’ 33.39” N 149° 52’ 6.61” W

Via 64° 50’ 21.71” N 148° L 26.50” W

Gamer 64° 50’ 11.36” N 149° 58’ 43.44” W

Spinach Creek 64° 56’ 34.43” N 149° 55’ 4.18” W

Frenchman 64° 56’ 9.02” N 149° 56’ 48.21” W

Moose Mountain 64° 55’ 48.46” N 148° O’ 21.09” W

Table 2.2 Name of birch sap tapping locations and their transect 
(location/position). Site name abbreviations are in bold letters.

Transects
Position on slope Ballaine Ester Murphy Dome

top Zachel Calypso Spinach Creek
mid W ood Via Frenchman

bottom Pearl Creek Gamer Moose Mountain

Selection and measurements of trees and vegetation within stands

Trees 15 centimeters (~ 6 inches) diameter at breast height (dbh) or greater were 

determined eligible for tapping. This definition included canopy dominant and co

dominant trees. A rough sketch was created of all eligible trees in the stand (around 25 to 

40 trees). Trees that were multi-stem were marked on the stem map as a single 

individual. A random table of digits was then used to select ten trees. If a multi-stem tree 

was selected the most eastern stem was tapped.
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Tapping procedures

All nine sites were tapped in 2002 and 2003. Trees were tapped according to the 

Alaska Birch Syrupmakers’ Association Best Practices (ABSA 2002). In addition, the 

three sites representing the Ballaine transect were tapped in a preliminary study in 2001. 

Tap holes were drilled prior to the start of sap flow, generally mid to late April when 

daily maximum temperatures reached near 50° Fahrenheit (Figure 2.2). Tap holes were 

drilled two inches deep approximately 1 meter high on the bole with a power drill and

til7/16 inch circular drill bit. Tap holes were placed at approximately the same position 

on each tree during a given year (south side of the tree for 2001, east side of the tree for 

2002, and west side of the tree for 2003) in a spot on the tree free of wounds, lenticels, or 

lichen. Plastic taps, 5/16th inch plastic tubing, and food grade plastic buckets were used 

to collect the sap.
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Figure 2.2 A tapped birch tree.

Buckets were visited every day on a 24-hour cycle. Daily sap volume was 

measured in milliliters (mL) and sugar concentration was measured in the field to the 

nearest 0.1° Brix using a Westover Scientific RHB-10 ATC hand-held refractometer. 

Sap was collected and measured until it turned cloudy from yeast contamination or tasted 

bitter. At the end of the season, the taps were removed, the tap holes were rinsed with 

water, and the holes plugged with corks.

Tree diameter and site vegetation measurements

Diameter at breast height (dbh) of all trees selected for tapping was recorded. Percent 

vegetation cover of each tapping site was recorded using the Braun-Blanquet Cover Scale 

(Table 2.3). All taxonomic nomenclature follows Hulten (1968) for vascular plants and



Johnson et al. (1995) for nonvascular plants with the exception of Betula neoalaskana 

which follows Flora of North America (1993+).
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Table 2.3 Braun-Blanquet Cover Scale used to estimate ground 
layer vegetation cover._________________
r rare
+ common, but <1%  

cover
P present outside plot
la 1 - 2%
lb 3-5%
2a 6 - 10%
2b 11-25%
3 25 - 50%
4 51-75%
5 76 - 100%

Data analysis

Results were analyzed using Microsoft EXCEL 2000 and Statistical Package for 

Social Science (SPSS) 11.0. EXCEL was used to organize data, graph results, and 

calculate total sugar harvested from each tree. SPSS was used to determine mean value 

and 95% confidence intervals for sites’ dbh, sap production, and sap carbohydrate 

content. SPSS was used to conduct paired sample t-test between sap production and 

carbohydrate for each site in 2002 and 2003, SPSS was used to run a Shapiro-Wilk test 

for normal distribution for trees’ dbh and total quanty of sap producted, and SPSS was 

used to run an ANOVA and Bonferroni test examining total sap production per site by 

transect and position on the hills side. SPSS was also used to regress sites’ mean sap 

production in 2002 and 2003 against sites’ mean dbh.



Results

Period of sap harvest

The first day of sap flow was not consistent through the years the trees were 

tapped. The taps were pulled from the trees (according to the criteria described in 

Methods) on different dates as well (Table 2.4). In 2001, sap flow in the Ballaine 

transect (the only transect tapped in the preliminary study year) began April 19th and all 

the trees were flowing on April 27th. Sap ceased to flow May 4th and 5th when the area 

experienced a late snow. The last day of sap collection at the three Ballaine sites in 2001 

(trees no longer producing quality sap) occurred on May 8th. In 2002, sap began flowing 

between April 30th and May 7th at the nine sites of the full study and sap collection ended 

on May 12th through May 17th. In 2003, sap began flowing in the first tree on April 19th, 

and sap was flowing in all trees by April 29th. In 2003, sap collection ceased after May 

5th.

Table 2.4 Date of initiation of sap flow and end of sap collection 
(date of onset of bitterness and/or yeast contamination).
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Sap Flow

Year
Begin of flow End of sap 

collection
Number of days 
of sap collection

2001 April 19th May 8th 19

2002 April 30tt May 17th 18

2003 April 19th M ayS111 16



Volumes of sap production

Total volume of sap harvested per site varied up to five-fold amongst the sites 

(Figure 2.3), and, at the extreme, total sap harvest during a season varied over 20-fold 

between individual trees within a site. The largest sap yield from one tree in one day for 

each year was 9.1 L in 2001 (Pearl Creek) (preliminary study, Ballaine transect sites 

only), 15.6 L in 2002 (Pearl Creek), and 9.9 L in 2003 (Pearl Creek). The most 

productive site in both years of full data collection was Pearl Creek with a seasonal mean 

tree sap yield of 46.9 L (s.d. 16.2) in 2002 and 51.6 L (s.d. 22.6) per tree. Seasonal sap 

yield per tree at Pearl Creek in the year of preliminary study, 2001, was similar to 2002 

and 2003, averaging 51.2 L (s.d. 14.4). The least productive site in 2002 was Zachel with 

a mean sap yield of 23.7 L (s.d. 9.6) per tree and the least productive site in 2003 was 

Moose Mountain with a mean sap yield of 8.1 L (s.d. 6.9) per tree.
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Figure 2.3 2002 and 2003 mean sap yield by site. Error bars represent 95% confidence 
interval.
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Field assessment of carbohydrate concentration

The carbohydrate contents of sap measured in Brix did not vary significantly 

between 2002 and 2003 for 8 of the 9 sites (Figure 2.4). The one exception was the 

Calypso site in which the average carbohydrate content of sap increased from 0.7° Brix 

(s.d. 0.1) in 2002 to 0.9° Brix (s.d. 0.2) in 2003 (p = 0.001). In 2002, the mean 

carbohydrate content across all of the sites ranged from 0.7° Brix (s.d. 0.1) (Calypso) to 

1.0° Brix (s.d. 0.1) (Spinach Creek). In 2003, the mean carbohydrate content of the sap 

ranged from 0.9° Brix (s.d. 0.1) (Moose Mountain) to 1.1° Brix (s.d. 0.2) (Wood).

Figure 2.4 2002 and 2003 mean carbohydrate concentration by site. Error bars represent 
95% confidence interval.



Stand vegetation and classification

All of the tapped sites fall within the Closed Paper Birch Forest (I.B.l.d) unit of 

the Alaskan Vegetation Classification (Viereck et al. 1992), although the stands did vary 

in species abundance and composition (Appendix A). Other tree species present in the 

sites include white spruce ( Piceaglauca (Moench) Voss), aspen ( tremuloides

Michx.), and balsam poplar ( Populusbalsamifera L.). Prominent understory species at 

the sites included lingonberry ( Vacciniumvitis-idea L.), Labrador tea ( palustre L.

subsp. d ecumbens(Ait.) Hult.), prickly rose (Rosa acicularis Lindl.), twin flower

(Linnaea borealis L.), willow (Salix spp.), and alder (Alnus crispa (Ait.) Pursh). The 

stands sampled contained a total of 16 forb species. All sites except Moose Mountain 

had a gramminoid present. Calypso and Pearl Creek did not have bryophytes species 

visibly present. Lichens were ubiquitous at the sites and were often growing affixed to 

the birch trees.

Diameter of tapped trees

Overall, the tapped trees’ diameters at breast height (dbh) varied little; 75% of 

dbhs measurements were between 16 cm and 25 cm, however, the largest and smallest 

trees did show a difference of threefold magnitude. Dbh measurements of the tapped 

trees ranged from 13.2 cm to 44.3 cm (Figure 2.5). The tree diameter distribution shows 

a slightly left-skewed bell curve shape centered on the 21-22 cm size class. Diameters of 

trees within all the sites are normally distributed (p >0.15) except for the Zachel site that 

has one extreme outlier. Of the seven trees in the largest size classes, three are from the

29



Gamer site, two are from the Pearl Creek site, and one is from each of the Via and Zachel 

sites. The mean dbh for all 90 trees was 20.5 cm with a standard deviation (s.d.) of 4.3. 

Average dbh of tapped trees at each site range from 16.0 cm (s.d. 1.6) at the Moose 

Mountain site to 24.9 cm (s.d. 8.5) at the Gamer site (Figure 2.6).
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Figure 2.5 Distribution of tree diameters at breast height.
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Figure 2.6 Mean diameter at breast height of tapped trees. (n=10 per stand) Error bars 
indicate one standard deviation.

Discussion

Sap flow differed greatly between 2002 and 2003 in both timing of and in the 

quantity of sap harvested. Compared to the 2002 season, the 2003 sap season yielded 

significantly less sap from four of the nine sites sampled (Figure 2.3). The magnitude of 

the 2003 yield was only 25 to 50 % of the 2002 yield in these four stands. These low 

performing stands include Zachel, Wood, Frenchman, and Moose Mountain. The four 

consistently performing stands are Pearl Creek, Calypso, Via, and Gamer. In 2003, 

Spinach Creek produced 60% of its 2002 sap volume. This is a significant difference for 

the Spinach Creek site, but it is a not as large of a reduction as seen in the 2003 low 

performing stands. Variations in the amount of sap harvested in consecutive years have



been shown in previous studies both on B. neoalaskana (Ganns et al. 1982) and other 

birch species (Kalinichenko 1974, Kok et al. 1978).

Birch trees respond to the weather during the period when winter dormancy is 

broken and sap movement is initiated for their ascent of sap. Ryabchuk (1974) found that 

sap flow in birch is observed when the daily average temperatures of the soil and wood 

are above freezing. Flow is correlated more closely with soil and wood temperature than 

with air temperature. During the preliminary 2001 study, all trees at all three sites shut 

down sap production for two days (May 4th and 5 th) during a late season snow occurrence 

(Figure 2.7).
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Figure 2.7 2001 Daily maximum temperatures and sap yields, (temperature data from 
National Climatic Data Center)

Spring weather at Fairbanks in 2002 was much wetter and cooler than in either 

2001 or 2003 (Figure 2.8). April precipitation for 2001 was 0.41 cm, 7.77 cm in 2002, 

and 0.13 cm in 2003 (National Climatic Data Center). The 95-year (1909-2004) mean



April precipitation is 0.75 cm (s.d. 1.10) at Fairbanks. April 2002 included 26 days 

where the daily maximum temperatures did not reach the 98-year (1905-2003) mean 

daily maximum temperature. April 2002 daily maximum temperatures averaged 3.9° C 

(s.d. 3.6) cooler than the 98-year mean daily maximum temperature (National Climatic 

Data Center). Trees initiated sap flow quickly in this wet and delayed sap season (Figure 

2.9). In comparison, Spring 2003 was much drier and earlier, and the sap season 

produced a lower yield than 2002 at eight of the nine sites. While the amount of sap 

harvested in 2002 accelerated, peaked quickly, and then declined rapidly, the amount of 

sap harvested in 2003 increased more gradually and generally was maintained at a steady 

level until the season ended. Only one site (Pearl Creek) yielded more sap in 2003 than 

in 2002.
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Figure 2.9.Daily sap harvest from nine sites (10 trees each) in 2002 and 2003.

This trend towards increased sap yields in a wetter cooler spring was also seen in

1976 and 1977. More sap (175%) was harvested in 1977 than in 1976 (Ganns et al. 

1982). April 1977 was wetter and cooler April than in April 1976 (Figure 2.10). April

1977 precipitation was 0.91 cm, and April 1976 precipitation was 0.20 cm (National 

Climatic Data Center). The difference in sap yields between the wetter, cooler April 

1977 and the drier, warmer April 1976 is consistent with the results of this current study 

and indicates that birch trees on south-facing slopes produce more sap during wetter 

springs.
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Figure 2.10 Daily maximum temperatures for 1976 and 1977 and 95-year daily mean 
maximum temperatures (1909-2004). (from National Climatic Data Center)

The distribution of the volume of sap harvested from individual trees was 

distinctly different between 2002 and 2003. The 2002 sap season displays a bell-shaped 

curve of total sap yield by trees centering on 20-29 and 30-39 L sap harvest classes 

(Figure 2.11). The 2003 sap season displays a negative exponential curve with the two 

smallest classes contain over half of the trees (trees that yielded less than a total 20 L of 

sap). The number of trees that yielded more than 60 L of sap was the same (n=6) in both 

2002 and 2003. Only one tree (Gamer site) yielded more than 60 L of sap in both years.
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Figure 2.11 Distribution of liters of sap harvested per tree in 2002 and 2003.

From the perspective of sap yields, stands can be divided into two groups: those 

stands that yielded similar amounts of sap in 2002 and 2003 and those stands that yielded 

significantly less sap in 2003 than 2002. Stands labeled Consistent Performing yielded 

more than 200 L of sap in 2003 and there was no significant difference between 2002 and 

2003 yields (p > 0.1). This Consistent Performing group include Via, Gamer, Calypso 

and Pearl Creek sites. Stands labeled Low Performing yielded <115 L of sap site in 2003 

and yielded significantly (p =, < 0.001) less sap in 2003 compared to 2002. This Low 

Performing group includes the Moose Mountain, Frenchman, Wood, and Zachel sites. 

The Spinach Creek site is intermediate between the two categories since the amounts of 

sap harvested from the site in 2002 and 2003 are statistically different (p = 0.001), but the 

site yielded slightly more than 200 L of sap in 2003.



Decreased sap production has been correlated with increases in elevation (Ganns 

et al. 1982). This relationship is not completely apparent by simply looking at the 2002- 

2003 sap yields by site (Tables 2.5 and 2.6). The Ballaine transect in 2002 demonstrates 

a decrease in the total sap harvest with increased elevation. The trend of decreasing sap 

production with increasing elevation was also present in the Ballaine transect during the 

preliminary 2001 sap season. In 2001, the top site (Zachel) yielded a mean of 9.0 L (s.d. 

5.3) per tree for the season, the mid site (Wood) yielded a mean of 20.8 L (s.d. 5.7), and 

the bottom site (Pearl Creek) yielded a mean of 51.2 L (s.d. 14.4) L. A two-way analysis 

of variance (ANOVA) of the 2002 sap flow data shows no significant differences in sap 

harvest between transects (F= 0.07), but the ANOVA does show a significant difference 

in sap harvest by location on the slope (i.e. top, mid, bottom) (F= 5.00) and a significant 

difference when both transect and position on the slope is considered (F= 3.33). A 

Bonferroni test shows that the bottom sites are significantly different than the mid (p= 

0.02) and top sites (p= 0.03). The mid and top sites are not significantly different than 

each other (p= 1.00). An ANOVA could not be conducted for the 2003 data because it 

violated the normal distribution assumption. The data could not be transformed into a 

normal distribution with exponential, logarithmic, or square root functions. While a 

statistical relationship may exist between stand elevation and sap harvest in 2002, one of 

the transects (Murphy Dome) shows the opposite trend compared to decreasing sap 

production with increasing elevation. The Murphy Dome transect top site produced 

more sap than the mid and bottom site; therefore other compounding environmental 

factors may mask this relationship. In addition, the elevation range encompassed by the
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transects in this study may not have been great enough to provide an accurate assessment 

of the effect of slope position on sap yield.
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Table 2.5. 2002 Mean L of sap per tree harvested from each site. Names of sites are
abbreviated in bold letters.

Sites Transects
Position on slope Ballaine Ester Murphy Dome

top 23.7 (Z) 
s.d 9.6

30.7 (C) 
s.d. 11.9

39.3 (SC) 
s.d. 13.2

mid 32.3 (W) 
s.d. 11.7

30.0 (V) 
s.d. 14.1

31.0 (F) 
s.d. 13.2

bottom 46.9 (PC) 
s.d. 16.2

42.3 (G) 
s.d. 20.9

31.3 (MM) 
s.d. 13.3

Table 2.6. 2003 Mea: 
abbreviated in bold lei

n L of sap per tree harvested from each site. Names of sites are 
tters.

Sites Transects
Position on slope Ballaine Ester Murphy Dome

top U.4 (Z) 
s.d. 6.5

30.1 (C) 
s.d. 22.3

23.6 (SC) 
s.d. 10.9

mid 10.3 (W) 
s.d. 8.8

21.1 (V) 
s.d. 13.1

8.4 (F) 
s.d. 6.0

bottom 51.6 (PC) 
s.d. 22.6

35.1 (G) 
s.d. 27.7

8.1 (MM) 
s.d. 6.9

An index of identifiable site characteristics common to each of the two stand sap 

yield groups, Consistent versus Low Performing, would be a valuable tool to help sap 

harvesters choose which stands to tap each spring. Vegetation cover was examined to 

find potential indicators of Consistent and Low Performing stands (Appendix A). Four 

species were present in the Low Performing stands that were absent from the Consistent 

Performing stands, including two trees and two understory plants (Table 2.7). Other



species are present in high abundance in either the Low Performing Stands or the 

Consistent Performing Stands, but not both. Input from sap harvesters from their 

observations on indicator vegetation could identify additional recognizable site 

characteristics. Future research needs to examine these vegetation-sap production 

relationships to identify underlying causes of these patterns such as moisture regimes or 

successional stage.
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Table 2.7. Criteria and vegetation of Low and Consistent Performing stands. See 
Methods for taxonomic nomenclature references.

Low Performing stands Consistent Performing stands
Sites Moose Mtn, Frenchman, Wood, 

Zachel
Via, Gamer, Calypso, Pearl Creek

Criteria <115 L sap per site in ‘03; 
statistically significant less sap 
harvested in '03 compared with 
‘02

>200 L sap per site in ‘03; not 
statistically significant less sap 
harvested in '03 compared with ‘02

Species present only in this group Populus tremuloides Michx. 
(Trembling Aspen)
Populus balsamifera L. (Balsam 
Poplar)
Pyrola ssp. (Wintergreen) 
Gallium boreale L. (Northern 
Bedstraw)

None

Species present in high 
abundance in this group

Actaea rubra (Ait.) Willd. 
(Baneberry)
Linnaea borealis L. (Twin 
Flower)
Rosa acicularis Lindl. (Prickly 
Rose)

Salix ssp. (Willow species) 
Epilobium angustifolium (Common 
Fire weed)
Cornus canadensis (Dwarf 
Dogwood)

Species common to both groups Picea glauca (Moench)Voss (White Spruce) 
Equisetum pratense L. (Meadow Horsetail) 

Hedysarum alpinum L. (Northern Hedysarum) 
Mertensia paniculata (Ait.) G. Don (Tall Bluebells) 

Calamagrostis canadensis (Michx.) Beauv. (Reed Grass) 
Mosses 
Lichens

Climatic factors affect the volume of sap birch tree produced each spring, but the 

trees may have intrinsic factors affecting the volume of sap produced each spring.



Ordinal ranking of trees by amount of sap yielded each year allows for a comparison of 

the trees’ intrinsic sap producing ability. Individual trees can be compared with regard to 

their status in 2002 versus 2003. If trees are fairly consistent in their relative volume of 

sap yielded between years, a vigorous sap producer should rank in the Top 20% category 

for both years, indicating probable large sap harvests in subsequent years.

Trees were assigned into at least one percentile group based on the volume of sap 

they yielded in 2002 and again in 2003: Top 20% (the 18 trees that yielded the greatest 

volume of sap), Top 50% (the 45 trees that yielded the greatest volume of sap), Bottom 

20% (the 18 trees that yielded the least volume of sap), and Bottom 50% (the 45 trees that 

yielded the least volume of sap). Trees that yielded large amounts of sap in 2002 also 

yielded relatively large amounts during the poor sap year of 2003. Over half of the Top 

20% trees from 2002 also rank in the Top 20% category for 2003 (Table 2.8). 

Approximately three-fourths of the Top 20% trees in 2002 rank in the Top 50% in 2003. 

Similarly, the poor producers were relatively consistent between years. Half of the 

Bottom 20% yielding trees in 2002 retained that rank in 2003. No tree that ranked in the 

Bottom 20% in 2002 was ranked in the Top 20% in 2003; only one tree emerged from the 

2002 Bottom 20% into the 2003 Top 50% category. Trees at either ranking extreme (top 

or bottom) in 2002 show a 50% probability of producing similarly the next year. Seventy 

five percent of trees ranked in either the top or bottom half in 2002 had the same ranking 

in 2003.

These results show that relative sap harvest per tree remained consistent between 

years, for the two years compared. Although longer term data sets are definitely needed
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to explore this further, it seems prudent based on what is currently known to re-tap 

prolific trees and to bypass less prolific ones.

Table 2.8. A comparison in rank orders of trees by the amount of sap produced in 2002
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and 2003.
2002 Ranking # of trees that stayed in 

the same category

# of trees that ranked in 

Top 20% in 2003

# of trees that ranked in 

Top 50% in 2003

Top 20% 10/18 10/18 14/18

Top 50% 33/45 14/45 33/45

Bottom 20% 8/18 0/18 1/18

Bottom 50% 33/45 4/45 12/45

Diameter of Alaskan birch trees appears to be related to sap yield. A weak 

relationship emerges from regressing the sites’ average amount of sap harvested per tree 

against the sites’ average dbh (Figure 2.12). However, average dbh explains less 

variation in a site’s average sap harvest in 2002 than it does in 2003. These results are 

consistent with a situation in which moisture is limiting for birch growth and sap 

production. In relatively cool and moist springs, the difference between dominant (large 

diameter) and subordinate (small diameter) trees in their ability to obtain moisture is 

reduced, and diameter is a weaker predictor of sap production. In years with warm, dry
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Figure 2.12 Regression of stand mean dbh and sap yield in 2002 (a) and 2003 (b).



spring weather, dominant (large diameter) trees are relatively more effective in obtaining 

moisture than subordinate (small diameter) trees, and diameter becomes a better predictor 

of sap production.

An ordinal ranking evaluation can be used to also look at the relationship between 

dbh and sap yield. Trees were ranked by dbh in addition to the previous sap production 

ranking categories. Trees were assigned to at least one of the following categories: Top 

20% dbh (the 18 largest dbhs), Top 50% dbh (the 45 largest dbhs), Bottom 20% dbh (the 

18 smallest dbhs), and Bottom 50% dbh (the 45 smallest dbhs). Rank of dbh was 

compared with rank of sap yields for 2002 and 2003. A correlation exists between tree 

size and sap output (Table 2.9). Large diameter trees are more likely to yield relatively 

large quantities of sap; small diameter trees are more likely to yield relatively small 

quantities of sap. A few anomalous trees exist that have small dbhs but are high sap 

producers. The overall trend is that larger girth birch trees ranked higher in sap harvest 

than smaller girth trees. The correlation between dbh and size of the root system (Bond- 

Lamberty et al. 2002) could explain this trend. A larger root system allows the tree larger 

ground coverage from which to draw in water and stored store food reserves.
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Table 2.9. A comparison in rank orders of trees by dbh and amount of sap produced in 
2002 and 2003.
Dbh ranking Sap Production 

Top 20% in 2002 
& 2003

Sap Production 
Top 20% at least 
one year

Sap Production 
Bottom 20% in 
2002 & 2003

Sap Production 
Bottom 20% at 
least one year

Top 20% 6/18 12/18 0/18 0/18
Top 50% 7/45 19/45 1/45 10/45
Bottom 20% 1/18 2/18 5/18 10/18
Bottom 50% 2/45 8/45 7/45 18/45



Finally, when choosing which birch trees to tap, tree health should be taken into 

account. The largest birch trees may not necessarily be the healthiest and best trees to 

tap. Alaskan birch are susceptible to heart rot (Wittwer 1998); presence of heart rot at a 

level that affects the vigor of the tree may affect the quantity and quality of sap 

production.

Conclusion

Established findings

April 2002 and 2003 had strongly contrasting weather patterns which affected sap 

yields by birch in the Fairbanks region. In general, trees yielded more sap in the wet, 

cool spring of 2002 than the dry, warm spring of 2003. Larger diameter trees yielded 

more sap in both years, although this correlation was stronger during the dry, warm 

spring. While the sap season lasted approximately the same length of time, sap began 

flowing much later in April in 2002 than it did in 2003.

Recommendations to sap harvesters

When selecting a birch stand to tap, look for south-facing stands that have a high 

abundance of willow, fireweed, and dwarf dogwood. Stands with trembling aspen, 

balsam poplar, wintergreen, and northern bedstraw may not be prolific sap producers, 

especially during dry, warm springs. Sap carbohydrate content is fairly consistent 

between trees and between years. Therefore, select trees for their ability to yield large
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amounts of sap. Prolific trees are usually trees that have yielded relatively large amounts 

of sap previously and have large diameters at breast height.
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Chapter 3: Chemical analysis of birch sap for carbohydrates and cations 

Introduction and pertinent background information

Members of the Alaska Birch Syrupmakers’ Association would like to expand the 

product array produced from birch sap. A sap tonic is one product that ABSA members 

have expressed interest in developing. Birch sap has been bottled and sold as a “Forest 

Drink” in Russia, Ukraine, and Japan (Tomchuk et al. 1973, Sendak 1978, Kenyukai 

1998). Processing birch sap into a beverage would eliminate the time-consuming and 

costly process of boiling the sap into syrup. Knowing that the constituents in sap at 

different times of the sap season could influence how sap harvesters partition their sap for 

the various end products—sap with higher levels of sugar (specifically sucrose) might be 

better for processing into syrup while sap with higher levels of cations might be better for 

bottling as a tonic.

Drawing on the historical use of birch sap in traditional medicine (Terazawa 

1995), a sap tonic also could be marketed as a nutraceutical. The term “nutraceutical” 

does not have a legal or scientific definition (Cunningham 1998) but a lay definition is a 

foodstuff (as a fortified food or dietary supplement) that provides health benefits 

(Merriam-Webster 2005). A second term, “nutriceutical,” (emphasis added) has a more 

specific definition than nutraceutical although nutriceutical also does not have a legal or 

scientific definition. A nutriceutical is a supplemental nutrient intake that is associated 

with a specific therapeutic effect (Cunningham 1998). A nutriceutical differs from a 

pharmaceutical because a nutriceutical increases the dietary intake of a nutrient two- to



ten-fold above the Food and Nutrition Board’s Recommended Dietary Allowance (RDA), 

whereas a pharmaceutical raises the dietary intake of a nutrient more than ten fold over 

the RDA (Cunningham 1998). More information on the nutrient content of birch sap is 

needed in order for sap tonic to be marketed as a nutraceutical.

Carbohydrates

Plants produce sugars as one type of carbohydrate that they use as a source of 

energy. Sugars are produced through photosynthesis and then utilized then as a source of 

energy for cellular functions. Glucose, galactose, and fructose are hexose sugars and 

therefore contain C6H 12O6 in their molecular formula. Glucose is the most common 

monosaccharide, and plant and animal cellular functions depend on glucose for energy 

(Campbell 1993). Glucose and galactose are both aldoses and the molecular structures 

both have a double bonded oxygen attached to their first carbon. Glucose and galactose 

differ from each other only by the chiral placement of the hydroxyl group on their third 

carbon. Fructose is a ketose and therefore its molecular structure differs from glucose 

because its second carbon, not its first carbon, is double bonded to an oxygen molecule. 

Sucrose, essentially table sugar, is the most common disaccharide, consisting of a joined 

glucose and fructose molecule (Campbell 1993).

Another property besides structure that distinguishes carbohydrates from each 

other is their unique melting points—the temperature at which the carbohydrates melt and 

become liquid. The melting point for glucose is 150°C, the melting point for fructose is 

103-105°C, and the melting point for sucrose is 185-186°C (Purdue University 2004).
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These different melting points indicate which carbohydrate molecules are more stable at 

different temperatures.

Inorganic nutrients

In addition to their requirements for carbohydrates, plants also need specific 

inorganic nutrients. Plant nutrients have been traditionally classified into two groups: 

macronutrients and micronutrients (Atwell et al. 1999). Classification between these two 

groups is not absolute since the classification is based on the amount of cations that 

higher evolved plants generally require.

Instead of classifying cations (inorganic constituents of mineral elements) as 

macro- or micronutrients, cations can also be classified into four different functional 

groups (Atwell et al. 1999, Taiz and Zeiger 1998). Functional Group 1 nutrients include 

nitrogen (N) and sulfur (S). Group 1 nutrients are covalently bonded cations in organic 

compounds and make up essential components of proteins. Functional Group 2 nutrients 

include phosphorous (P) and boron (B). Group 2 nutrients are also found covalently 

bonded in organic compounds. These elements are involved in metabolic functions and 

are major components of cell membranes and walls. Functional Group 3 nutrients are 

primarily found in their cation state and include potassium (K), calcium (Ca), magnesium 

(Mg), sodium (Na), and chlorine (Cl). Of the Group 3 cations, plants need large amounts 

of K, Ca, and Mg. Although Na and Cl are often present in large amounts in the 

environment, plants require only trace amounts of these two cations. Group 3 cations 

primarily function in plants to maintain osmotic and enzymatic activities. For example,

50



Ca is essential for stabilizing cell membranes and cell walls. Functional Group 4 

nutrients are also all classified as micronutrients and include manganese (Mn), iron (Fe), 

zinc (Zn), cobalt (Co), nickel (Ni), copper (Cu), and molybdenum (Mo). Group 4 

nutrients are important components of proteins. Except for Zn, all of the Group 4 

nutrients are transition series cations in the Periodic Table of the Elements. The unique 

valence electron properties of transition series cations allows Group 4 nutrients to control 

a variety of reactions, including many important oxidation-reduction reactions (Atwell et 

al. 1999).

Carbohydrates in maple sap

Carbohydrates in tree sap vary amongst species as well as the types of primary 

sugar components. The carbohydrate in the sap of sugar maple Acer saccharum Marsh, 

consists of mainly sucrose. Sucrose accounts for more than 99% of the solids in spring 

sugar maple sap (Gregory and Hawley 1983).

Carbohydrates in birch sap

A previous study has examined Alaskan birch sap for its carbohydrate profile 

(Ganns et al. 1982). Sap samples were harvested from Betula neoalaskana Sarg. in 

Interior Alaska in 1976 for that analysis. Those sap samples (n = 3) were collected from 

Farmer’s Loop neighborhood in Fairbanks and analyzed for the levels of different types 

of carbohydrates. The average carbohydrate of sap these B. neoalaskana samples was 

0.9%. About half (49%) of the carbohydrates in the sap was fructose, one-third (33%)
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was glucose, and the remaining 18% was sucrose (Ganns et al. 1982). This carbohydrate 

profile is substantially different than the well-documented sugar maple.

Cations in birch sap

Analysis of 15 cations in Betula verrucosa Ehrh. sap from southwestern Finland 

showed that concentrations of cations increased steadily through the 1982 sap season 

(Hulden and Harju 1986). Heavy metal (Cu, Zn, Fe, Cd, and Pb) concentrations of birch 

sap were compared with the World Health Organization International Standards for 

Drinking Water and the concentrations were 1% (Cu) to 40% (Cd) of the safe drinking 

water levels (Hulden and Haiju 1986). This Finnish study also concludes that birch 

actively select potassium over sodium. Soils in the area have similar levels of potassium 

and sodium, but the sap contained a thousand times greater concentration of potassium 

than sodium (Hulden and Haiju 1986).

The 1976 analysis of B. neoalaskana sap also examined the cation contents 

present (Ganns et al. 1982). The Fairbanks sap samples were not uniform and 

concentrations of some cations varied up to four-fold in different samples from trees 

within the same species growing in the same stand. The most prominent cation in the 

1976 sap was potassium. Calcium and magnesium were the second and third most 

abundant cations, respectively. Also present in small amounts were Na, Cu, Fe, Mn, Zn, 

Mo, Co, and Pb.
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Justification and purpose of current study

The initial 1976 study of B. neoalaskana gave a good foundation for sap analysis. 

However, the study had an extremely small sample size (n=3), and the trees were all 

located in the same stand. More information is needed to understand how B. neoalaskana 

sap varies between stands and how the sap constituents, both organic and inorganic, 

change throughout the sap season. If multiple products are created from birch sap (syrup, 

sap tonic, etc.), sap from different temporal parts of the season may be better suited for 

one particular product over another product.

The purpose of the lab analysis of Alaskan birch sap was to understand how the 

carbohydrate and cation constituents in the sap change as the sap season progresses. Sap 

samples were taken throughout the 2002 sap season for lab analysis. Sap was analyzed 

for four carbohydrates: galactose, glucose, sucrose, and fructose. Macronutrients 

measured in birch sap for this study include calcium (Ca), magnesium (Mg), potassium 

(K), sulfur (S), phosphorous (P), and nitrogen (N); micronutrients include zinc (Zn), 

manganese (Mn), iron (Fe), sodium (Na), molybdenum (Mo), nickel (Ni), copper (Cu), 

boron (B), and chlorine (Cl).

Materials and methods

Sap samples were harvested during the 2002 sap season from two trees from each 

of nine sites (total of 18 trees sampled) in Interior Alaska: Zachel, Wood, Pearl Creek, 

Calypso, Via, Gamer, Spinach Creek, Frenchman, and Moose Mountain (Figure 3.1).



Samples were harvested every third day starting at the beginning of sap flow. Samples of 

60 mL of sap were collected from two randomly selected trees at each site. Samples 

were stored in sterilized 60 mL LDPE Nalgene vials in a freezer at —20 degrees C until 

analyzed. Samples were thawed completely at room temperature when subsamples were 

removed; afterwards the samples were immediately refrozen.
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Figure 3.1. Map of birch tapping sites around the Fairbanks vicinity.

Sap carbohydrates



Sap was first analyzed for carbohydrates. The sap was filtered through Whatman 

25 mm GD/X nylon 0.2 (am pore size filter and diluted 1:200 before it was analyzed for 

carbohydrate, the remaining undiluted sample was then refrozen. Analysis was done 

using a Dionex high performance liquid chromatography (HPLC) machine with gradient 

pump GP 50, chromotography oven LC30 set at 24° C, electrochemical detector ED 40 

with a gold electrode, and a Dionex CarboPac PA10 Column for Monosaccharide and 

Disaccharide Analysis. PeakNet software was used to calculate the results. Standards 

were mixed using Sigma D(+)galactose, Mallinckrodt D(-)glucose anhydrous, Sigma 

sucrose, and Sigma D(-)fructose. The 0.5 mL subsample of each sample was diluted with 

99.5 mL of deionized water and was run through the HPLC with a 10 mM NaOH eluent 

for 19 minutes with a flow rate of 0.50 mL per minute to test for galactose, glucose, 

sucrose, and fructose. The column was then flushed with a 300 mM NaOH solution for 

15 minutes in order to clean the column, and then rinsed with 10 mM NaOH for fifteen 

minutes.

Sap cations

The sap was analyzed for cations using a Thermo Elemental IRIS direct current 

plasma (DCP) spectrometer and Thermospec software to operate the DCP. Specific 

wavelengths were used to detect the cations (Table 3.1).
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Table 3.1. Wavelengths (measured in nanometers) used by the DCP for 
cation detection. _____

Cation Wavelength fnm)
Aluminum Al 396.1
Arsenic As 189.0
Boron B 208.8
Calcium Ca 393.3
Cobalt Co 237.8
Chromium Cr 267.7
Copper Cu 324.7
Iron Fe 259.9
Potassium K 766.4
Magnesium Mg 279.5
Manganese Mn 257.6
Molybdenum Mo 202.0
Sodium Na 589.5
Nickel Ni 221.6
Lead Pb 216.9
Selenium Se 196.0
Zinc Zn 213.8

Three replicates of reverse osmosis (RO) water were run as the control and the 

background solution matrix. A calibration curve was created for each element using 

commercially available analytic standards of each of the cations. Commercial standards 

use to create the calibration curves were Fisher Scientific Company (Al, B, Co), VWR 

Scientific (As, Cu, Mo, Ni, Zn), VHG Labs (Ca, Mg), EM Science (Cr, K, Pb, Se), J.T. 

Baker (Fe, Mn), and Orion (Na). Calibration curves for Ca, K, and Mg used a 1, 3, 5, 7, 

10, 30, 50, 70, and 100 ppm solution scale. Calibration curves for Al, B, Co, Cr, Cu, Na, 

Mn, Mo, and Zn used a 0.1, 0.3, 0.7, 1, 3, 7, and 10 ppm solution scale. Calibration 

curves for As, Fe, Ni, Pb, and Se used a 0.05, 0.15, 0.25, 0.35, 0.5, 1.5, 2.5, 3.5, and 5 

ppm solution scale.



Data analysis

Results were analyzed using Microsoft EXCEL 200, DataQube, and Statistical 

Package for Social Science (SPSS) 11.0. EXCEL was used to organize data and graph 

results. DataQube was used to organize cation data. SPSS was used to determine the 

DCP RO background matrix mean and 95% confidence interval for each cation. 

Individual samples were compared to the 95% confidence interval of the control (RO 

water) to determine if there was a statistically significant level of the cation in the sample. 

SPSS was used to determine mean values and 95% confidence intervals for carbohydrate 

and cation concentrations.

Results

Sap carbohydrates

Glucose and fructose were the predominant sugars found in the birch sap samples. 

Glucose ranged from 0.8 to 2.3 grams per liter (g/L) with fairly stable concentrations 

throughout the sap season the while fructose ranged from 0.7 to 2.2 g/L with higher 

concentrations towards the end of the sap season (Figure 3.2). Sucrose ranged from 0.0 

to 0.9 g/L with the highest concentrations early in the sap season and a steady decline 

throughout the season. Galactose was present in all the sap analyzed, but in very small 

amounts. It ranged from 0.01 to 0.02 g/L in the samples through the season.
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Figure 3.2. Carbohydrate concentrations (g/L) through the 2002 sap season. Error bars 
represent 95% confidence intervals.

Sap cations

Out of the 17 cations analyzed in the sap, only nine appeared in significantly 

different amounts compared with the control (RO water). No significant differences were 

detected with respect to arsenic, boron, cobalt, chromium, molybdenum, nickel, lead, and 

selenium. Sap contained significant levels of aluminum, calcium, copper, iron, 

potassium, magnesium, manganese, sodium, and zinc compared with the control. 

Calcium, magnesium, manganese, and potassium appeared in relatively high amounts 

(Figure 3.3) while aluminum, copper, iron, sodium, and zinc were all present in 

concentrations less than 2.0 ppm (Figure 3.4). Two cations (Cu and Mg) posed



difficulties. Copper levels were statistically significantly higher than in the control, 

although they were still often in the negative range (i.e. less than 0.0 ppm) because of 

instrument calibration. The magnesium wavelength only produced data for 53 of the 99 

samples (54% of the samples); samples were so enriched with Mg that the capacity of the 

DCP to analyze it was exceeded.
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Figure 3.3. Concentrations of calcium, potassium, magnesium, and manganese at 
intervals throughout the 2002 sap season. Error bars represent 95% confidence intervals.
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Figure 3.4. Concentrations of aluminum, copper, iron, sodium, and zinc at intervals 
throughout the 2002 sap season. Error bars represent 95% confidence intervals.

Discussion

Carbohydrates

While the main maple sap carbohydrate is sucrose, birch sap is composed mostly 

of glucose and fructose. The concentration of carbohydrates varied throughout the sap 

season. As the season progressed the proportion of glucose and galactose in B. 

neoalaskana remained fairly constant, the fructose component of carbohydrates 

increased, and the sucrose component of carbohydrates decreased (Table 3.2). Sucrose 

reserves are mobilized at the beginning of the sap season and are then possibly depleted. 

Other carbohydrates may be present in small amounts in birch sap, but analyzing these 

samples for other carbohydrates was outside the scope of the current analysis. The HPLC



results did not show any peaks in addition to the peaks identified for galactose, glucose, 

sucrose, and fructose. If other carbohydrates are present in birch sap, a different HPLC 

column would be necessary in order to detect additional peaks.
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Table 3.2. Percent component of sap carbohydrates.

5/1 5/4 5/7 5/10 5/13 5/16
G alactose 0.4% 0.4% 0.4% 0.4% 0.4% 0.4%
G lucose 43.7% 43.6% 44.2% 44.0% 44.0% 44.7%
Sucrose 15.7% 9.0% 6.6% 4.4% 2.4% 0.3%
Fructose 40.3% 47.0% 48.7% 51.2% 53.1% 54.6%

Previous analysis of Alaska birch sap found the carbohydrates profile as 49% 

fructose, 33% glucose, and 18% sucrose (Ganns et al. 1982). Those previous results are 

similar to the early season carbohydrate profile of this current study.

Carbohydrates have different melting points. The melting point for sucrose is 35- 

36°C higher than the melting point for glucose and 83-80°C higher than the melting point 

for fructose (Purdue University 2004). The carbohydrate content of birch sap at the end 

of the season contains glucose and fructose which have much lower melting points than 

sucrose, and the lower melting points of glucose and fructose make the sap more 

susceptible to scorching during the syruping process. As a result, sap from the early 

portion of the B. neoalaskana sap season, with a relatively high sucrose content, is less 

prone to scorching than sap from the end of the season, when virtually no sucrose is 

present. Scorching gives birch syrup a burnt flavor that is distasteful to consumers. 

Therefore, controlling the sap temperature during the syruping process must be more
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precise when sap contains large amounts of glucose and fructose—a difficult task 

especially when wood heat is used as the heat source.

Sap cations

Macronutrients present in Alaskan birch sap samples were calcium (Ca), 

magnesium (Mg), and potassium (K). Not surprisingly, these three cations, which are all 

Group 3 cations that plants need in large amounts, were present in the highest 

concentrations of the detected cations. The sap was not analyzed for the other three 

macronutrients cations: sulfur (S), phosphorous (P), and nitrogen (N). Micronutrients 

present in the sap included zinc (Zn), manganese (Mn), iron (Fe), and sodium (Na). 

Micronutrients that were not found in the sap include molybdenum (Mo), nickel (Ni), 

copper (Cu), and boron (B). These micronutrients may be present in the sap but are 

below the detection limits of the DCP. The one micronutrient that the sap was not 

analyzed for is chlorine (Cl). Aluminum (Al) was found in significant amounts but it is 

not considered as either a macro- or micronutrient needed for plant growth.

The range in which cations were present in the sap of B. neoalaskana was similar 

to previous analysis of B. neoalaskana sap (Ganns et al. 1982) and other species of birch 

(Hulden and Haiju 1986, Li & Gao 1995) (Table 3.3).
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Table 3.3. Total reported range in sap cation concentrations (ppm) of three birch species.

Current study
Ganns et al. 

(1982)
Hulden & Harju 

(1986) Li & Gao (1995)
B. neocilaskana Sarg. B. neoalaskana B. verrucosa Ehrh. B. platyphylla Suk.

cations

K 9.1 - 86,2 65.3 - 106.8 37.6- 170.2 11.9
Ca 2.3-107.2 12.3-30.5 12.7 - 86.7 187.5
Mg 1.9->32.4 6.0-11.0 8.9 - 25.8 26.8
Na <0.1 -2.8 0.2 - 0.9 0.1 -1.6 0.4
Cu <0.1 - 1.1 0.1 <0.01 0.2
Fe 0.2 - 0.4 0.2 0.01-0.3 0.1
Mn 0.2-16.2 0.7- 1.2 1.7-9.0 8.4
Zn <0.1 -2.0 0.4- 1.1 0.64 - 8.85 n.r.
Mo n.d. 0.2 - 0.4 n.r. <0.1
Co n.d. 0.1 -0.2 n.r. <0.1
Pb n.d. 0.1 -0.2 n.r. <0.1
P n.r. n.r. 0.18- 1.20 7.7
Al 0.0 - 0.3 n.r. <0.1 - 0.1 0.2

n.r. = no results reported, n.d. = no detection reported, shaded column indicates values 
measured at multiple time intervals throughout a sap season

The cation contents of birch sap increased as the sap season progressed. These 

results are consistent with the analysis of Betula verrucosa Ehrh. sap from southwestern 

Finland, which showed that concentrations of cations increased steadily through the 1982 

sap season (Hulden and Harju 1986). If sap harvesters are marketing birch tonic as a 

nutraceutical (a more generic classification than nutriceutical), sap harvested from the 

latter part of the sap season is higher in cation content and thus has a higher nutrient level 

than sap harvested earlier in the season.

The concentrations of the three major cations (potassium, calcium, and 

magnesium) in Alaskan birch are lower than in milk and orange juice (Table 3.4)



(Canadian Dairy Products 1999, Florida Department of Citrus 2005, National Research 

Council 1989). Milk and orange juice have orders of magnitude more potassium than 

birch sap. While birch sap and orange juice have similar amounts of calcium, milk is 

much more calcium-rich. Milk and orange juice also contain more magnesium than birch 

sap. While potassium, calcium, and magnesium concentrations are lower in birch sap 

than milk and orange juice, birch sap may have other important components such as 

betulinic acid that increase its marketability as a nutracetical.
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Table 3.4. Potassium, calcium, and magnesium concentrations (ppm)
of Alaskan birch sap, milk (2% fat content

Alaskan birch sap 2% milk orange juice
cations
K 9.1-86.2 1600 2100
Ca 2.3 -107.2 1250 70
Mg 1.9->32.4 140 90

, and orange juice.



Conclusions

Carbohydrate and cation analysis results of B. neoalaskana are comparable with 

previous analyses for B. neoalaskana and two other species of birch. If harvested sap is 

used to manufacture multiple commercial products, including birch syrup and bottled 

birch tonic, sap from the beginning portion of the sap season with its higher sucrose 

content is better suited for syrup production while sap from the latter portion of the sap 

season with its higher cation content is better suited for commercial tonic production.
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Appendix A. Site floristic data

Table A.l Floristic assessment (tree species) of the nine birch stands using the Braun-Blanquet Cover Scale. See Chapter 2
Methods for taxonomic nomenclature references.

Site Zachel W ood
Pearl
C reek Calypso Via G arner

Spinach
Creek Frenchm an

Moose
M ountain

Tree percent cover: % cover % cover % cover % cover % cover % cover % cover % cover % cover
Picea glauca 2 2 1 5 1 2 6
Populus tremuloides 1 2 2
Populus balsamifera 2 1
Betula neoalaskana 95 95 95 95 95 90 95 95 95

Tree species C over Cover C over C over C over C over Cover C over Cover
Picea glauca 1a 1a 1a 1b 1a 1a 2a
Populus tremuloides 1a 1a P 1a
Populus balsamifera 1a 1a
Betula neoalaskana 5 5 5 5 5 5 5 5 5



Table A.2 Floristic assessment (shrub species) of the nine birch stands using the Braun-Blanquet Cover Scale. See Chapter 2
Methods for taxonomic nomenclature references.

Site Zachel W ood
Pearl
C reek Calypso Via G arner

Spinach
Creek Frenchm an

Moose
M ountain

Shrub species Cover Cover Cover Cover C over Cover Cover C over Cover
Vaccinium vitis-idaea + r P
Ledum palustre P
Rosa acicularis 2a 4 3 1b 1b 2a 1b 4 2a
Linnaea borealis + + r r + + 1a 1a
Salix ssp. + 1a 2a 1a 2b 1a +
Alnus crispa 1a 1a 1a



Table A.3 Floristic assessment (forb species) of the nine birch stands using the Braun-Blanquet Cover Scale. See Chapter 2
Methods for taxonomic nomenclature references.

Site Zachel W ood
Pearl
C reek Calypso Via G arner

Spinach
C reek Frenchm an

Moose
M ountain

Forb species Cover Cover Cover Cover Cover Cover Cover Cover Cover
Pyrola ssp. + r r r
Viburnum edule 3 2b + 2a 3 1a 1a 2b 2a
Epilobium angustifolium P + 1b 2b 2b 1a 1a 1a +
Cornus canadensis + + + 1b + 1b 3 + r
Equisetum pratense + 5 5 + 4 r r 3
Equisetum arvense 5
Delphinium glaucum r
Hedysarum boreale + + r + + + + +
Actaea rubra 1a r r +
Lycopodium annotinum + r 1a
Lycopodium obscurum 1a +
Gymnocarpium dryopteris 1a
Mertensia paniculata + + + + + r 1a
Aconitum delphinfolium P r +
Gallium boreale + + +
Rubus pubescens +



Table A.4 Floristic assessment (gramminoid species) of the nine birch stands using the Braun-Blanquet Cover Scale. See
Chapter 2 Methods for taxonomic nomenclature references.________________________________________________

Site Zachel W ood
Pearl
C reek Calypso Via G arner

Spinach
Creek Frenchm an

Moose
M ountain

G ram m inoid species Cover C over Cover Cover C over Cover C over Cover Cover
Calamagrostis canadensis 1b + + 1a 2a + 3 +

Table A.5 Floristic assessment (bryophyte species) of the nine birch stands using the Braun-Blanquet Cover Scale. See 
Chapter 2 Methods for taxonomic nomenclature references.________________________________________________

Site Zachel W ood
Pearl
C reek Calypso Via G arner

Spinach
Creek Frenchm an

Moose
M ountain

Bryophyte species Cover C over Cover Cover C over Cover C over Cover Cover
Pleurozium schreberi +
Hylocomium splendens + + + + + +
Polypodium ssp. +
Dicranum ssp. + + + + + + +

' j
t o



Table A.6 Floristic assessment (lichen species) of the nine birch stands using the Braun-Blanquet Cover Scale. See Chapter 2
Methods for taxonomic nomenclature references.

Site Zachel W ood
Pearl
C reek Calypso Via G arner

Spinach
C reek Frenchm an

Moose
M ountain

Lichen species Cover Cover Cover Cover Cover Cover Cover Cover Cover
Cladonia gracilis r r
Peltigera ssp. + r
Xanthoria fallax + + + + +

Ramalina pollinaria + +

Bryoria simplicior +

Bryoria fuscescens + +
Parmeliopsis ambigua/ 
Lecanora circumpborealis + + + + + + + + +

Cladonia chlorophaea + + + +

Cladonia coniocraea + +

Usnea lapponica + + + + + + + +

Usnea hirta + + + + + + +

Melanelia exasperatula r + + + + + +

Hypocenomyce scalaris + +



Appendix B: Sap carbohydrate and cation concentration data

Table B. 1 Sap daily carbohydrate mean concentration 
(g/L) and standard deviation. ________

date

average
concentration

g/L
standard
deviation

Galactose 5/1 0.01 0.00
5/4 0.02 0.01
5/7 0.01 0.01

5/10 0.02 0.00
5/13 0.01 0.00
5/16 0.01 0.00

Glucose 5/1 1.31 0.35
5/4 1.91 0.33
5/7 1.55 0.32

5/10 1.63 0.32
5/13 1.55 0.33
5/16 1.41 0.39

Sucrose 5/1 0.37 0.28
5/4 0.36 0.24
5/7 0.22 0.14

5/10 0.15 0.16
5/13 0.08 0.11
5/16 0.01 0.01

Fructose 5/1 1.21 0.35
5/4 1.90 0.38
5/7 1.60 0.36

5/10 1.79 0.33
5/13 1.76 0.30
5/16 1.73 0.34
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Table B.2 Sap daily cation mean concentration (ppm)
d standarc deviation of Ca, K, Mg, and '

date

average
concentration

ppm
standard
deviation

Ca 5/1 8.49 5.04
5/4 23.71 11.45
5/7 31.18 13.85

5/10 45.29 17.46
5/13 54.99 16.66
5/16 63.12 24.01

K 5/1 23.36 9.38
5/4 32.55 9.74
5/7 29.90 8.40

5/10 39.00 11.75
5/13 48.34 12.07
5/16 56.12 17.50

Mg 5/1 3.91 1.99
5/4 7.95 4.98
5/7 17.63 5.22

5/10 19.85 3.70
5/13 24.92 4.49
5/16 27.05 2.58

Mn 5/1 0.57 0.25
5/4 1.37 0.65
5/7 2.61 1.36

5/10 4.13 1.66
5/13 5.29 2.11
5/16 7.02 4.11
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Table B.3 Sap daily cation mean concentration (ppm)
d standarc. deviation of Al, C u ,'Fe, Na, a

date

average
concentration

ppm
standard
deviation

Al 5/1 0.06 0.02
5/4 0.08 0.03
5/7 0.09 0.03

5/10 0.13 0.04
5/13 0.14 0.04
5/16 0.17 0.05

Cu 5/1 0.06 0.37
5/4 0.07 0.38
5/7 -0.14 0.29

5/10 -0.28 0.39
5/13 -0.08 0.52
5/16 0.09 0.54

Fe 5/1 0.19 0.02
5/4 0.21 0.02
5/7 0.24 0.04

5/10 0.26 0.04
5/13 0.27 0.04
5/16 0.27 0.05

Na 5/1 1.30 0.27
5/4 1.32 0.55
5/7 1.11 0.23

5/10 1.21 0.40
5/13 1.27 0.35
5/16 1.78 1.39

Zn 5/1 0.08 0.10
5/4 0.30 0.16
5/7 0.58 0.31

5/10 0.88 0.40
5/13 1.02 0.37
5/16 1.10 0.51


