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INTRODUCTION

Current International rules (International Seed Testing Association, 1966) for
determination of moisture content specify the air-oven method at 105°C for all
 tree seeds except those of Ables, Cedrus, Fagus, Picea, and Tsuga, for which the
toluene distillation method must be used. Calibration of air-oven methods
against a good reference method, such as toluene distillation, has frequently
been recommended, but data have been published for only a few.species
(Buszewicz, 1962; Hart and Golumbic, 1966). Seeds of major North American
hardwoods are being studied at the Forest Tree Seed Laboratory at State Col-
lege, Mississippi, and this paper summarises data on moisture-content measure-
ment for three important species: Fraxinus pennsylvanica Marsh, Liquidambar
styraciflua L., and Platanus occidentalis L. The studies had three objectives: to
determine suitable air-oven schedules by comparison of air-oven measurements
with toluene measurements on the same seed lots; to test the suitability of an
electronic moisture meter with these species; to establish equilibrium moisture
oontents for seeds stored at various humidities and temperatures.

MATERIALS AND METHODS

General. The seeds were all from local collections in 1969. Within 6 months after
collection, each lot was thoroughly mixed and divided into 25 sublots. Half of the
sublots were dried to varying degrees by exposure for up to 48 hours in an air-
conditioned room. The other half were placed in 2 humid cabinet at room tem-
perature to absorb extra moisture; varying the times in the cabinet gave varying
moisture levels. All sublots were then put into polyethylene bags for about
20 days of equilibration at 3°C. Selection of air-oven schedules. The procedures
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fwchnmgw-own achcddumluwy thoss devisad by Harténd Golum-

) \,\,A.hic(lm fot & sn'aihrm mﬁ samples were :drawn fronh four of the
sublots of each species to allow measurements of moisture content after 1, 2,4,
6, 8, 12 and 24 hours of drying et 80*; 108 °, or 130°C. Samples were wenghed to
the nearest 0.1 mg in tared botties and dried in thallow alunnmum dishes. Dry-
ing was fielistred From‘ﬁw time’ the bv%ﬂs ‘tefurried to. thetr set temperatures
after the doors wife opened - delay was normally 10 to 15 minutes. At the speci-
fied times, and before reweighing, the dried samples were transferred for cooling
to desiccators containing anhydrous CaS0O,. The cooling period was 2 hours.
Shorter periods were tried, but cooling was apparently incomplete and the
samples absorbed moisture from the air.

Loss in weight over time was calculated as a percent of fresh weight, and the

four-lot average loss at each temperature was plotted against drying time.

... . Moisture contents of the same four Jots were determined by toluene distil-
- ,;lanon on ;iuplimte aamplu of abput 20 g each, The methods of the'Association
»of Official Azracultuul Chemists (1965) were asseatially: foliowed. Distiliation:

o was for apprommately 4 hours into.a 5:0.m! Dean and Stark receiver. Moisture

‘was read to themra%OOSnﬂ Blanks with 2,0 inl of water ‘were fun to check
the procedure; recovery was always1.95:10 2.00.mi.on the blanks. A horizontal
Jlu':e corresponding 1o the mean. maisture content as detessnined by ‘toluene
:di'stilvhﬁon was added to:the time-temporature curves. €ﬁg l} Pﬁms of inter-
_section of this line with the time-temperature
 schedules for additional testing, .. A 5
. Moisture contents. Qfmemmﬂnmszuotswm dmmundby%oh:ene
N disullanon and by the. chosen air-oven procedure. Chi-square-tests: weres used
to mdicqte the accuracy of. the air-oven procedures.to-withia 0.5 or 1:0° peroen
_taae pomt of thc trye values (Freese, 1960). . i
" Suitability of the electron!c meter. An electronic mtormmi:ctumd by Motom-
co, Inc., Clark, New Jersey, U.S.A., was selected for this portion of the study.!
This meter is used by the Grain Division, Agricultural Marketing Service, U.S.
Department of Agricultdre: Although built for use with grains, it has proved
_ effective with soeds of several tree: species.(Hart and: Golumbic, :1966)
. dings were taken on.sublots of b« styracifiea md&nccmamnd
eomplwd with daterminations by the<ic-aven methods selssted previeudly: The

s oc s, products ot maationsd. 7
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Fr0. 1. Time-temperature curve for P. occidentalis. Each point represents the average of
-four samples. Toluene value was 7.1

N
régression of moisture content on meter reading was calculated and curves were
constructed.

- Because of the size and shape of the samaras, the meter could not be used
with F. pennsylvancia.
Eqailibric\:m moisture contents. To determine equilibrium moisture contents,
samples of 1 to 2 g were taken in triplicate from a sublot of median moisture
level for each species and placed in desiccators over saturated salt solutions at
two temperatures. Relative humidities for the several salt solutions and temper-
atures were:

Salt s‘c 25°C
' RHY%
CGC,; - 6H,0 398 -
CrO, - 39.2
NaBr - - 570
NaCl - 75.8
BaCl; - 2H,0 - 912
ZnSO¢ . 7H30 94.7 -
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.- The seeds were d!owed to equilibraye-foryatoan 14 &ys, @nd thEﬁ mioisture
contents were determined by the air-oven method selected prewouér The
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‘ResuLtf

- Examination of the-time-temperature curves sesulted in a choice of 4 lféurs at
130° as the air-oven method for the three species. Figuro 1 shows the cucves for
P. occidentalis, which were. typical for. all three. Othet drying. scﬁpduhs for
example, 15 hours at 105° for F. pennsylvanica, “contd | have. chd&n 91‘ any
of the species; but a common time and temperature were pick Toﬂhe aake of
uniformity. ,

* Mean values for gir-oven vs. toluene measurements were very g}Qe (t;ble 1).

C‘ht“%qulre analyses (0.05 levek pf significance) with téluene distiflation data-
taken as true moisture comtents indicated that 4 hours of drying at 130° was

~accurate to withm 0.5 percentage gomt for. P..occidenralis and to within 1.0

" pércentage point for the other two species.. _Overnight drying (15 héurs) at 105°
was accurate to within 1.0 percentage point for F. pennsylvanica.

TasLe 1. Summary of air-oven vs. toluens. maasurcments.
" at 130°, 2 hours’ coohng .

Axv-even mthc‘u hours

Species
. éontentf b_y
’ ‘tolucne method .
F. pennsylvanica 25 8.33-17.92 10.42 10.41 0.09
L.styraclfiva . 25 = 640-19.70 - 1091 - - 1048~ - =43
P, occidentalis 24 6.13-11.2 9 89 B 9 92 .02 :

e

Because of the size of the F. pggq;yh mncia samaras, a comparison ofsiptact
with cut-up fruits was made thh~Wue< from toluene distillation. Thefeaitting
was done very quickly with scxssm‘i immediately after initial wenghmi*ﬁven
then, duplicate measurements on nin! sublots (table 27showed ﬁtgt somgf {ois-

ture was lost during cutting. Only intact samaras slxguld be. uafﬂ'nr thxupecnes

978 L Proo e Seel et Ast Pt ¥ (19777 No. 3



N
o

T T 1 T T 1 T T—1
Liquidembar styraciflua

Pr9.98+015X

NN
N

J
I

n
O

i4

12

MOISTURE CONTENT (PERCENT)

0

] 1 [ 1 1 1 i { 1
(] 20 40 60 80 100
METER READING

te T T T T T
Plotanus occidentolis .

P=923+4.43Log X

12k~

MOISTURE CONTENT (PERCENT)
3
T

10}~ -~

1 J 1 ! {
0 ) 20 40 €0

METER READING

Fia. 2. Relationship of seed moisture content (in percent of fresh weight) . electronic
meter reading. Y = moisture content and X = meter reading.
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TaBLE 2. Percentage moisture contents of intact and cut-up F. pennsylvanica samaras,
as détermined by toluene disﬁllg%, . L

. Samaras cut Samaras intact

784 8.96
8.25 833
7.84 oo

10.78 1202

10.89 11.32

10.78 12.74

10.89 12.62

10.44 12.28

11.88 15.53

Suitability of the meter. For L. styracifiua the relationship of rmlsture content to

" mheter réadings was Jinear (fig. 2). With 100 g samples, moisture contents as low

as 10% could be-measured (table 3).

For P. occidentalis the regression was curvilinear. A logarithmic relationship
seemed appropriate (fig. 2). As with L. styracifiua, maximum loading of the
sample chamber was necessary to ‘obtain readmgs at lower moisture contents,
and even then the total measurable range was only 11.6 to 17.29; (table 3).
Despite these: lmntatlons, the meter can be useful with L. styraciflua and P,
occidentalis.

TasLE 3. Relationship between moisture content and Motomco meter readings for
L, styraciflua and P. occidentalis. In regressions, Y = moisture content and X = meter
reading

Species Sample Sample Range of Regression equation  r? Standard
No.  weight measured error of
g moisture - estimate
content % . %

L.styraciflua 24 100 9.8-23.6 Y=998+0.15X 0.9767 +0.66
- - P.occidemtalls - - 18 90 11.6-17.2 Y =923 +443log X 09220 +0.54

Equilibrium moisture contents. Monsture contents of seed equilibrated under the
several temperature and hurﬁlduy levels are summamed in Table 4. At any one
level the values are very close for all three species. The table probably indicates
moisture levels that seeds will reach if stored in open containers under the
conditions specified.
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TaBLE 4, Equilibrium moisture contents at 5° and 25°C, and various huridities

Temperature Relative Seed moisture content (%)
. idity (%

© humidity (%) P.occidentalis L.styraciflua  F.pennsylvanica
25 39 80 7.1 1.1
25 57 10.5 8.5 9.1
25 76 12.8 111 126
25 91 19.3 15.9 20.1

5 40 9.2 83 83

5 95 20.8 19.5 230

DisScUSSION

Measurement by air-oven methods to within 0.5 percentage point of toluene
measurements was the accuracy goal of this study, and was achieved with P.
occidentalis. For L. styraciflua and F. pe.rmsylvanica, accuracy was within 1.0
percentage point, which is good enough for seed-processing and storage de-
cisions. Where greater accuracy may be desirable, as in some research, a labora-
tory technique must be employed. In addition to toluene distillation, the Karl
Fischer method as modified by Hart and Neustadt (1957) and near-infrared
spectrophotometry of methanol extracts (Hart, Norris and Golumbic, 1962)
have been described as good reference methods.

Readout on the electronic meter scale is a function of total moisture in the
sample chamber, and the relationship of scale reading to moisture varies ac-
cording to the amount of material in the chamber. Calibration curves must be
established with samples of a constant weight. The larger the sample weight,
the lower the moisture percentage that can be determined from the scale reading.
" For large seeds, an increase in size of the sample chamber would be desirable to
extend the measurement range.

Hart and Golumbic (1966) found a slight temperature effect on performance
of the meter. In a modern heated and air-conditioned building, the temperature
effect can probably be ignored, as long as the seeds have been allowed to come
to instrument (room) temperature.

The equilibrium moisture contents listed in Table 4 are similar to values
published for several conifers (Bartels, 1956; Barton, 1941) and some crop seeds
(Welch, 1967). When RH was about equal, differences between 5° and 25°C
were not great. Welch (1967) stated that a drop of 11°C in temperature will
increase seed moisture approximately 2%.
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SUMMARY

An air-oven schedule of 4 hours at 130°C, followed by 2 hours of coolinginadesiceator,
gave moisture contents within 0.5 percentage point of the true value for Plaranus occi-
denralis and within 1.0 percentage point for Liquidambar styracifiie and Fraxinus
pennsylvanica. This degree of accuracy should be sufticient for processing and storage
decisions. An electronic meter was effective for Plaranus occidentalis seeds in the range
from 12 to 17%; and for Liquidambar styracifiua in the range from 10 to 24°;. Equili-
brium moisture contents at several temperatures and humidities were very close to
published values for seed of conifers and agronomic plants.

REsSUME

Mesure de la teneur en eau des semences de quelques espéces
d’arbres feuillus &’ Amérigue du Nord

Un séchage 4 130°C pendant 4 heures dans une étuve, suivi d’un refroidissement de 2
heures dans un déssiccateur a fourni des pourcentages de teneur en eau différant de la
vraie valeur de moins de 0.5 pour Platanus occidentalis et de moins de 1.0 pour Liquid-
ambar styracifiua et Fraxinus pennsylvanica. Ce degré de précisioh devrait étre suffisant
pour prendre des décisions en matiére de conditionnement et de stockage. Un appareil
de mesure électronique s'est avéré efficace pour les semences de Platanus occidentalis
dans la gamme de 12 & 179 de teneur en eau et pour Liguidambar styraciflua dans la
gammie de 10 2 24%. Les tencurs en cau & I'équilibre, pour des températures et des
dégrés hygrométriques différents, ont €té en accord trés étroit avec les valeurs publiées
pour les semences de coniféres et d’espéces agricoles.

ZUSAMMENFASSUNG

Messungen des Feuchtigkejtsgehalts von Samen einiger

nordamerikanischer Hartholzarten
Eine Trockenschrankmethode von 4 Stunden bei 130°C, gefolgt von 2 Stunden Kiihlung
in einem Exsikkator, lieferte Feuchtigkeitsgehalte fiif Platanus occidentalis innerhalb
der 0.5-Grenze des wahren Wertes, und fiir Liquidambar styracifiua und Fraxinus
pennsylvanica innerhalb der 0.1-Grenze des wahren Wertes. Dieser Genauigkeitsgrad
sollte fiir Aufbereitung und Lagerungsentscheidungen ausreichen. Ein elektronisches
Mefigerit erwies sich fir Platanus occidentalis-Samen im Bereich von 12~17 % und fiir
Liquidambar styraciflua im Bereich von 10-24 %] als aussagefiihig. Wassergehalte, wel-
che bei mehreren Temperatur- und Feuchtigkeitsstufen im Gleichgewicht waren, legen
sehr nahe an den fiir das Saatgut von Nadelhdizern und von landwirtschaftlichen
Pflanzen veroffentlichten Werten.
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