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INTkODUCTION 

Current International rules (International Seed Testing Association, 1966) for 
determination of moisture content specify the air-oven method at lOS °C for all 
tree seeds except those of Ables, Cedrus. Fagus, P;cea, 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: P,ax;nus pennsylvan;ca Marsh, Llquidambar 
styraci/lua L., and Pialallus occ;dental;s 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 
contents 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 2S 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 a humid cabinet at room tem­
perature to absorb extra moisture; varying the times in the cabinet gave vaeying 
moisture levels. All sublots were then put into polyethylene bags for about 
20 days of equilibration at 3°C. Selection of a;r-oven schedules. The procedures 
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Flo. I; Time-temperature curve for P. oecldent.II,. Eacb poiJlt represents tbe average of 
tour umpIes. TolUene value was 7.1 

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

. BcIcauIO of the size and shape of the samaras, the meter could not be used 
with F. pellnsylv(lltcia. 

EtpdIibriftm moislulW CDItIen18. To determine equilibrium moisture contents, 
samplea of 1 to 2 I were taken in triplicate from a sublot of median moisture 
level for each sp,ecies and placed in desiccators over saturated salt solutions at 
two temperatures. Relative humidities for the several salt solutions and temper­

&lUI'll were: 

Salt 

Caea ·6HaO 
CrO, 
NaBr 
NaC 
BaC, • maO 
ZaS04 • 7H,O 

sec 

39.8 

94.7 

lSOC 

MY. 

39.2 
57.0 
75.' 
91.2 
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&JcamiDatKJa of' the·time-leinpefttUrt eo~~ulted in a choi¢. ot 4 ~urs at 
1300 as the air-oven method for thd three species~Y.I'tINI.MQws t,* cu~es for 
P. occidBlllalll, ~'w=.tn*:altcira1l~. Other dryin,,~~, for 

'exampfe,lS hOw.. at lOS 0 for F. pennsylvaniCQ:c~ ha~.Jteen • ,r any 
of the species~ but a common time and temperature were pick"&tto~ lJke of 
unif'ormity. ,'" :-

. .Mean vaJuedor .. -oven va. tpluq ~urem,n!,~._Ygx,,~. (t~le t). 
'~ anafYSei''{o.O! leveli'ol'iignliicaace) with t.ruene distillation data, 
taken ~"true moistuteCOldOlilt iAdfca'lfilf that 4 hours of drying at 130° was 

,~to~ ~~~ ~)~, .~t~iV9~~tl9f:P'4!f~.-'. w. 1.0 
perCentage pomt for the other two ~)~ drriIIa,tSAdurs) at lOS· 
was accurate to within t.O percentage point for F. pennsylvanica. .' 

F. penfUylvtmica 
L. S/~rqcf/fllfl 
P. ocelden/alls 

lS 

lSi 
24 

8.33-17.92 
6.40.-1S.70 
6.13-111,.» 

_·tm~ . 

10.42 10.41 0.09 
10.91 " " -to;4& ".",,;..,. 
9~89 :>"- 9.92 .02 

Because of the size of the F. ~ylr mew saniar~, a compari~,JU ~4Dtact 
with cut-up fruits was made withi;wues from toluene distillation. ~Ing 
was done very quickly with sci~ immediately after initial weighiri ,i!@ven 

then, duplicate measurements on niDi sublots (tabl~ 2tshoweit~t:so ',' . is­
tuns was lost during cutting. OnlyiJil~~ct~~s sh9v"nLhc.uS.eI1QubfsspiOCies. 

, [978,~::»it) ~'lfii;,~dt.'Yif (1;'11*0.3 
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Liqllldambar Ityracff/lla 

? !J.98 .,. 0.15 X 

100 

18r·------~------~------~----~~----~------~ 

o 

PIa/anus Dccidenlalis 
p~ 9.2~ .,. 4.43 Log X 

• 

-METER READING 

60 

Fio. 2. Relationship of seed moisture content (in percent of fresh Weight) \ electronic 
. meter teading. Y - moisture content and X .. meter readina. 
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T.w.lt2. ~a:ntaac,moistur.e am~ of intact and cut-up F. pennsylvanica samaras. 
as determined by tol~ distillftiqi 

.'''-,j -~ ~ , " '" - \~:,-\ 

. .:. ,Samaras cut 

7.84 
8.25 
7.84 

10.78 
10.89 
10.78 
10.89 
10.44 
11.88 

Samaras intact 

8.96 
8.33 

'>7..i1 
12.t2 
lU2 
12.74 
12.61 
12.28 
IS.S3 

Suit~bil;ty of the meter. For L. styraciftua. the relationship of Jt¥)isture cont~nt to 
. ··meterreia.rigs wa'&Jinear (fig. ~). Witli 100 g samples, htoisture contents as low 

as 10% could bnncasured(tab1e 3). 
For P. occidentalis the regression was curvilinear. A logarithmic relationship 

seemed appropriate,(fig~ ~)~ A~ with L~styracift~a..maximum loading of the 
sample chamber was necessary to p\)tain readinpatJower moisture contents, 
@4~e~ then the total measurable range ~asonlY 11.6 to 17.2,% (table 3). 
Despitc(theselimitations, the metei' can be" useful with L. $lyraclflua and P. 
occidentalil. 

TABLE 3. Relationship between moisture content and Motomco meter readings for 
L. styraci/lua and P. occidentalis. In regressions, Y = moisture con~t and X = meter 
reading 

Species Sample Sample Range of Regression equation ra Standard 
No. weight measured error or 

g moisture estitnate 
content % % 

L.styraciftua 24 100 9.8-23.6 Y =9.98 +O.IS X 0.9767 ±0.66 
'P.ocdtkmul& .' 18 '90 ' tl.6;·11.2 Y ... 9.23 +4.4310g X 0.9220 ±0.S4 

£.t4~ilJ}Ir.','.' .. ,iJll1l ... >flJPif.,tfU,," .eCO,'II,t. enJ4-,,' ~o~t\Jl'.~ .. Gontents ~~"$t.Cd eQ .. ~ilibrated under the 
seve~tm~\lre and. .bunti4ity k\lda:are summarised inTable 4. At anyone 
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. 

980 



TABLE 4. Equilibrium moisture contents at $0 and 2SoC, and various hultlidities 

Temperature . Relative Seed moisture content (!YO> 
(C.) humidity (!YO> 

P.occidellla/is L.6IyrtlCi/l1MI F. pellllSyivanlca 

25 39 8.0 7.1 7.7 
2S 57 10.5 8.5 9.1 
2S 76 12.8 11.1 12.6 
25 91 19.3 1S.9 20.1 
5 40 9.2 8.3 8.3 
5 95 20.8 19.5 23.0 

DISCUSSION 

Measurement by air-oven methods to within O.S percentage point of toluene 

measurements was the accuracy goal of this study. and was achieved with P. 
occldentalis. For L. styracijlua andF. penn$ylvaJlica, accuracy was within 1.0 

, . 
pen:entagepoint, 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 a~unt 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. 

o 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 eirect on performance 
or the meter. In a modem heated and air-conditioned building, the temperature 
eft'ect 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, 19S6; Barton. 1941) and some crop seeds 
(Welch, 1967J. When RH was about equal. differences between S° and 2SoC 
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 l30cC, followed by 2 hours of coolingin :ldesk"\:'alor. 
gave llloisiure contents within O.S percenta~ poin.' of the true "alue for Plalallus ocd­
demalis and within 1.0 percentage point for Liqllidambar sl,l'rad/luQ and Fra.\"inus 
pennsyb·a"ica. This degree of accuracy should be sufficient for processing and storage 
decisions. An electronic meter was effective for Plalanus oCl.'idellfalis seeds in the range 
from 12 to 17 ~{, and for Liqllidambar styradjilla in the range from 10 to 24 o~. Equili­
brium moisture contents at several temperatures and humidities were very close to 
published values for seed of conifers and agronomic plants. 

RtSUMt 

Mesure de /atelreur elt eau del semenCts de quelques espiCts 
d'arbres fellI/fils d'Amerique du Nord 

Un sechage it BO°C pendant 4 heures dans une etuve, suivi d'un refroidissement de 2 
heures dans un dessic:cateur a foomi des poun:enlages de teneur en eau differant de la 
vraie valeur de mains de O.S pour Platanus occ/de"talis et de moins de 1.0 pour Liquid. 
ambar slyraci/lua et Fraxinus peilllsylvanica. Ce degre de precisiott devrait eire suffisant 
pour prendre des decisions en matiere de c:onditionnement et de slackage. Un appareil 
de mesure electronique s'est avere efficace pour les semences de Plalal/us occidenlo/is 
dans la gamme de 12 it 17% de teneur en cau et pour Liquit!ambar slyTaci/lua dans 1a 
gantnle de 10 it 24%. Les teneurs en cau it I'equilibre, pour des temperatures et des 
degres hygromelriques differents, ont·~ en accord tres etroi! avec les valeurs publiees 
pour les semencesde coniferes et d'especes ageicoles. 

ZUSAMMENFASSUNG 

Messungen des Feuchligkeitsgellalfs von Somen einiger 
nordamerlkanisclter Harlholzartelt 

Eine Trockenschrankmethode von 4 Stunden beil30°C, gefolgt von 2 Stunden Kiihlung 
in einem Exsikkator, lieferte Feuchtigkeitsgehalte fill' Plala"us oceidel/fa/is innerhalb 
der 0.5-Grenze. des wahren Wertes, und filr Liquidambar slyracl/llla und Fraxinus 
pel/llsy/vallica innerhalb der 0.1·Grenze des wahren Wertes .. Dieser Genauigkeilsgead 
sollte fUr Aufbereitung und Lagerungsentscheidungen ausreichen. Ein elektronlsches 
MeBgeriit erwies 5ich fUr Plala"us occidentalis-Samen im Bereich von 12-17% undfiir 
Liquidambar styracl/lua im Bereich von 10-24 ~{ als aussagefahig. Wassergehalte. wei· 
che bei mehreren Temperatur· und Feuchtigkeitsstufen im Gleichgewicht waren, legen 
sehr nahe an den fUr das Saatlut von Nadelh61zern und von landwirtschaftlichen 
Pftanzen verOffentlichten Werten. 
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