N

N

AN ANALYSIS OF MISSISSIPI (U.S.A.) HONEY : POLLEN,
COLOR AND MOISTURE
Meredith Hoag Lieux

» To cite this version:

Meredith Hoag Lieux. AN ANALYSIS OF MISSISSIPI (U.S.A.) HONEY : POLLEN, COLOR AND MOISTURE.
Apidologie, 1981, 12 (2), pp.137-158. <hal-00890542)

HAL Id: hal-00890542
https://hal.science/hal-00890542v1

Submitted on 11 May 2020

HAL is a multi-disciplinary open access archive L’archive ouverte pluridisciplinaire HAL, est des-
for the deposit and dissemination of scientific re- tinée au dépoét et a la diffusion de documents scien-
search documents, whether they are published or not. tifiques de niveau recherche, publiés ou non, émanant
The documents may come from teaching and research  des établissements d’enseignement et de recherche
institutions in France or abroad, or from public or pri- francais ou étrangers, des laboratoires publics ou
vate research centers. privés.

Auto':izition
HAL Authorization


https://hal.science/hal-00890542v1
https://about.hal.science/hal-authorisation-v1/
https://about.hal.science/hal-authorisation-v1/
https://hal.archives-ouvertes.fr

Apidologie, 1981, 12 (2), 137-158.

AN ANALYSIS OF MISSISSIPI (U.S.A.) HONEY :
POLLEN, COLOR AND MOISTURE

Meredith Hoag LIEUX

Department of Botany, Louisiana State University, Baton Rouge, Louisiana 70803

SUMMARY

A honey analysis technique utilizing acetolysis was applied to 68 commercial Mississippi (U.S.A.)
honey samples collected in 1977 and 1978. Total pollen grains per 10-g sample, pollen spectrum, color
and moisture content of the honeys were determined. A majority (67.6 %) of the honeys had less than
20,000 grains per sample. Of the 84 pollen types identified, 65 were from nectariferous plants. A direct
correlation was assumed between a plant’s pollen and nectar contributions to a honey. On this basis, the
major Mississippi honey plants in order of decreasing significance were Salix spp., Berchemia scandens,
Glycine max, Rubus spp., Rhus toxicodendron and Trifolium repens. Based on frequency of occurrence
(i.e., the number of honey samples in which a type occurred), the leading species in order of decreasing
significance were Rubus spp., Salix spp., R. toxicodendron, T. repens and B. scandens. Salix spp., G. max
and B. scandens produced the greatest number of unifloral samples. Important nectar contributors in
isolated samples were Trifolium incarnatum, Parthenocissus quinquefolia, long-spined Compositae
(Asteraceae), Rhus copallina, Vicia spp., llex spp., Zanthoxylum clava-herculis and Cyrillaceae (Cliftonia
monophylla and Cyrilla racemiflora). Of the samples, 52.9 % were of unifloral origin; the remainder
were mixed floral honeys; 61.7 % contained 16 to 25 pollen types. Most samples were summer- (G. max)
or spring-produced. Honeys from the different beekeeping areas were not clearly distinguishable by
pollen analysis.

Key words : Acetolysis, beekeeping, honey, honeybees, nectar, pollen.

INTRODUCTION

Few papers have been published on the microscopic analysis of North American
honeys or related aspects. YOUNG (1908) described pollen grains from flowers
commonly visited by bees. He also described, photographed and developed a key to
pollen grains from American honeys and recorded various other structures, e.g., insect
appendages, fungal spores, honeycomb fragments. PARKER (1923) presented
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descriptions of 28 types and 12 photographs of bee pollen grains collected in the United
States. HOFFMAN (1930) published descriptions and illustrations of American honey
pollen grains and developed a key for 28 types. TopD and VANSELL (1942) studied
pollen grains in nectars and honeys from California plants. Youse (1953) presented
descriptions, a key and some photographs for 60 pollen grains collected by honeybees
in Indiana. In the United States, methods for microscopic analysis of honey were
discussed by BrowN (1960). Louveaux (1966) applied the classic methods of
Maur1zio and LouvEaux (1963) to microscopic analysis of 40 samples of Canadian
honey. Using the same methods, VORwOHL (1970) characterized the microscopic
spectrum of 11 samples of Florida honey and included photographs of the most
important pollen types. Lieux (1972, 1975, 1977, 1978) characterized the pollen
spectrum of 54 commercial Louisiana honeys and described dominant, secondary, and
minor pollen types and their associated plants. FELLER-DEMALSY and LAMONTAGNE
(1979) established a pollen spectrum for 206 honey samples from all of the beekeeping
areas of Quebec, Canada.

A honey analysis technique utilizing acetolysis (LIEUX, 1980) was applied in this
study of 68 honey samples from Mississippi to determine botanical origin, geographical
origin and season of production.

MATERIALS AND METHODS

Collection and preparation of reference pollen

A list of potential Mississippi honey and/or pollen plants was obtained from OERTEL
(1939). Lieux’s pollen collection (Department of Botany, Louisiana State University, Baton Rouge) was
used as the primary reference. Additional reference slides were prepared as needed from pollen collected
from herbarium specimens and acetolyzed according to ERDTMAN (1952).

Collection and preparation of honey samples

Lists of commercial beekeepers in Mississippi were obtained from the Mississippi State
Entomologist. Beekeepers were contacted by mail and requested to collect uncontaminated (not mixed with
samples from other locations) commercial honey samples from their apiaries during the spring, summer
and fall of 1977 and 1978. Self-addressed stamped mailing tubes containing jars were provided for return
of the honey samples. The samples were acetolyzed and Millipore-filtered (LiIEUX, 1980). Filter papers
with the remaining honey sediment were transferred to slides.

Microscopic examination of honey sediment and data presentation

Each slide containing honey sediment from potential nectar-producing species was examined under
high power (400 X) by traversing the slide until 300 pollen grains were counted. The grains were
identified to the lowest taxon possible. Unknown and unidentifiable entomophilous-appearing grains
were included in the 300-grain counts. Separate counts were made for pollen grains of anemophilous or
nectarless plants. When numerous grains rendered counting difficult, an eyepiece net micrometer
(10 x 10 mm, divided into 2 mm squares) was used. Frequency classes of pollen grains were designated
according to LOUVEAUX et al. (1978) : “ predominant pollen, " greater than 45 % of the pollen grains
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counted; “ secondary pollen,” 16-45 %; * important minor pollen,” 3-15% and “ minor pollen, ” less
than 3 %. The presence of a predominant pollen indicated a “ unifloral honey, ” i.e., a honey produced
mainly from a single plant species. A honey with no predominant pollen and few honeydew indicators
was considered mixed floral. A direct correlation was assumed between a plant’s pollen and nectar
contributions to a honey.

The total number of pollen grains per 10-g sample was approximated according to LOUVEAUX’S
formula (LOUVEAUX et al., 1978). A discriminant analysis was used to determine if group homogeneity
warranted an analysis of variance to show a relationship between total number of pollen grains in a 10-g
sample of a honey and its floral type.

BROWN’s [19707] vegetational areas defined the beekeeping areas (Fig. 1) for this study; sample sites
are indicated in Figure 2. Frequency of occurrence of a pollen type was based on the number of honey
samples in which a type occurred. Most scientific and common botanical names used are from CORRELL
and JoHNSTON (1970).

Color and moisture determination of raw honey

The color of each honey sample was determined with a simple color grader (Phoenix Precision
Instrument Co., 3803 N. 5th St., Philadelphia, Pa.) of the type described by SECHRIST (1925:
7). Standard colors, in order of increasing intensity, were water white, extra white, white, extra light
amber, light amber and amber. The moisture content of each honey sample was determined with a
Bausch and Lomb Hand Refractometer (Cat. Nos. 33-45-31).

A discriminant analysis was used to determine if group homogeneity warranted an analysis of
variance to show a relationship between honey color and floral type and between moisture content and
floral type.

RESULTS

In Mississippi, 67.6 % of the 68 honey samples had less than 20,000 grains per 10-
g sample; 25.0%, 20,000-100,000; 7.4 %, 100,000-500,000. Counts for only
unifloral honey samples are placed in Table 1. Respectively, 36 %, 90 % and 71 % of
Salix spp. (willow), Glycine max (L.) Merr. (soybean) and Berchemia scandens (Hill)
K. Koch (rattan vine) samples showed less than 20,000 pollen grains in 10 g of honey.

A discriminant analysis showed that intergroup variation negated the use of an
analysis of variance to compare total number of pollen grains and color or moisture of
honey to floral type.

Eighty-four pollen types were identified in the honey samples (Fig. 3) : 65 were
from nectariferous plants; 11, polliniferous plants; 8, non-honeybee-associated
plants. Table2 gives a complete pollen spectrum of the 65 nectariferous
species. Predominant and secondary pollen types are recorded in Table 3 in order of
decreasing frequency of occurrence. The most important nectariferous plant
contributors for Mississippi honey (based on total number of pollen grains) in order of
decreasing significance were Salix spp., Berchemia scandens, Glycine max, Rubus spp.
(blackberry and dewberry), Rhus toxicodendron L. (poison ivy) and Trifolium repens
L. (white clover).
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Area 1. Quercus-Nyssa-Taxodium

Area 2. Quercus-Carya

Area 3. Pinus taeda-P. echinata
Area 4. Pinus palustris-P. elliottii
Area 5. Quercus-Pinus

FiG. 1. — Beckeeping areas of Mississippi (U.S.A.) based on vegetational areas (Brown, |19707]).
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Percentage frequencies of occurrence for all 84 pollen types are shown in
Figure 3. Although 84 types were identified, the actual number of species was greater
because several types included more than one taxon (e.g., Rosaceae included Prunus
spp., Pyrus spp., etc,). Twelve pollen types appeared in 50 % or more of the honey
samples. They were in order of decreasing percentage frequency of occurrence Rubus
spp.; Salix spp.; Rhus toxicodendron; Trifolium repens; Berchemia scandens;
Gramineae (Poaceae), Grass Family; Nyssa sylvatica Marsh., black-gum or black
tupelo; Rosaceae, Rose Family; Quercus spp., oak; Trifolium incarnatum L., crimson
clover; Vitis spp., wild grape; and Cornus spp., dogwood. Seventeen pollen types
occurred in 20-49 % of the samples; 12 types, 10-19 % of the samples.

The number of different pollen types per honey sample based on all the pollen
types identified in the honey samples is shown in Figure 4. Area 1 honey samples
averaged 16.6 pollen types per sample; Area 2, 19.1 types; Area 3, 19.0 types; Area 4,
21.6 types; Area 5, 20.5types. The 68 Mississippi honey samples averaged
19.1 pollen types per sample and 15.9 nectariferous pollen types. The number of
different pollen types per honey sample based only on the pollen grains of nectariferous
species is presented in Figure 5.

DISCUSSION

Botanical origin

The leading botanical sources of commercial Mississippi honeys based on the
total number of their pollen grains occurring in the samples were Salix spp. (mostly S.
nigra Marsh., black willow), Berchemia scandens and Glycine max; Rubus spp., Rhus
toxicodendron and Trifolium repens were less significant. Based on percentage
frequency of occurrence (Fig. 3), Salix spp., Rubus spp. and R. toxicodendron exhibited
arange of 92.6-94.1 %; B. scandens and T. repens, 79.4-80.9 %; G. max, 44.1 %. Salix
spp., G. max and B. scandens produced the greatest number of unifloral
honeys. Important nectar contributors in isolated samples (Table 3) were Trifolium
incarnatum,; Vitis spp.; Parthenocissus quinquefolia (L.) Planch., Virginia creeper;
long-spined Compositae (Asteraceae), Sunflower Family; Rhus copallina L., dwarf
sumac; Vicia spp., vetch; Ilex spp., holly; Zanthoxylum clava-herculis L., Hercules-
club, toothache tree; and Cyrillaceae [ Cliftonia monophylia (Lam.) Sarg., black titi and
Cyrilla racemiflora L., titil. Nyssa sylvatica and miscellaneous Rosaceae (except
Rubus spp.) exhibited a high frequency of occurrence (Fig. 3). Photographs of many
pollen grains discussed here were previously published (Lieux, 1972, 1975, 1977,
1978).
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F1G. 3. — Percentage frequency of occurrence of 84 pollen types in 68 Mississippi honey samples.

SINVId Q3LVIJ0SSY 3ITAINOH-NON
SINVd SNOY3FINITIOL AT370S
SINY1d SNOY34I4YLIIaN

V22
|

1T 1TT1TT1T1T11

1 1 11

Dt nddS VISSY)
SNNNYID SNUMUNYS

TN ddS YIMYLLIOYS
T HONIW VS
" IVIOVINWIY
*ddS WNNO9AT0d
"YILLYNDY YYINV1d
" ddS SNNId
HOVYYQIzZy YIT3W
T JyEvATW
"ddS WNYHLAT

CU T ddS YI9IMANT
(I¥Y¥9¥L) IYSONIKNOI
t T ddS swTenr
R 2 A L E
"WOIN VInLId
110404 SILIdNIY
NISSINEIINr YI1Z14Y
" 340dS 31AHOAIY¥3Ld
© T tddS Smndod
B £ e 0
"YIIANT VIWI0YLSHIoV
CVIVIWTD FYLYIEY
CUTT T TWDINIOWIA vaALT
SISNIONITTI SAHLNYWSIA
T tddS St
"ddS HWNISYID
STTVINITIDI0 SONYLYTd
T ddS VOTUAN
"ddS WNITV
"WNYIAIEIS WNIdYS
"U3NIJS-1Y0HS “IYLISO4W0D
T ddS YAYLSO-SNNIGHYD
CT T tddS SISAOTIdWY
Tt 4dS WNNGNgTA
(IY3I¥1dY) TWHIAITIIENN
TN v ddS SN
YIY0LINIL SOD0TWAS
TNt ddS 09VINYd
© WIWTYAD
RILAIGEARNIREY)

v o v U AART U WMWY



ELENL AN I+ I Ik & IR Y

"ddS WNYLSN9IT 3% SR ®® I O *®x oW = 35 3%
JVSONIWNOTT
YIIANT VIWI0YL1SY3IWT =
JVLVIg] b
YIINIQ¥IA V31l Ix

*ddS X311 3% 3t 3= 3 3% 3k 3k 3%
XVW INIJATO 3% =+ 4 o3 * N * 3O

*ddS VISLIq39 3L I W W W I W 2 s
EVEN ML E!
YNVINIOYIA SOYAdSOIQ *k I W= 3 *o I I e 3k
SISRIONITII SNHINVWS3C e
IVIVTIHAD
B\ EEDMIEHN] 3% s 3% 3 I 3
'ddS SNNY0D o I W O £ Ik o3k B I I Ik Ik Y 3% % O
(QINIAS-9NOT) IvLISOdW0D CTE o o I I W 3+ ¥k

‘ddS SMLID o £
'ddS WNISYID %
SISNIAYNYD SINAD ®

SITVIN3TII0 SAHINVIVHAAD se BN ax
V1IWNd Y3NVLSYD £ 3% o Y
'ddS YISSY)
VSOHIYID VIHIINNNYL 3 *®
SNIANYIS VIWIHIY3E * *E OO+ OTILIO + * + I+ O O O TO +%* oo
YSONIdS YITWY 3%
'ddS SISd0T13dWY 3 £ 3%
*ddS WNITIV 3 =
11Q¥04 S3indndy
NISSIYAITr VIZIgW

*ddS 430V I I ESE I IO I IO oo

M. H. LIEUX

#

O NN
ot

AREA 1

(9 €£>) udqod Jourw — # ‘(9% S1-¢) usjjod Joutw juepodw — (
‘(% St-91) udjiod Arepuodsss — + (9 Gy <) uafjod jueunwopaid —
: sapdwvs douoy 1ddississyy 89 40f $addi uajjod snouafiwioau fo sassopp Couanbasg — 7 1GVL

146




147

MISSISSIPPI (USA) HONEY ANALYSIS

STINJYIH-VAYTI WNTAXOHINYZ
‘ddS SILIA

'ddS VIJIA

'ddS WNNYNEIA

'ddS YNIQY3A
INIAITI3ANN
NMONIND
J1EYI4TINIAIND
SN3d3Y WNIT04T4L
WNLYNYYONT WNIT041¥1
YIYOLINIL SOJ0TdWAS
SNNNY3D SNUNYNYS
WAY34143S WN1dVS
'ddS XI'vS

'ddS VIYVLLIOVS
JONIW Tvays

'ddS Sndmd

VIIVSOY
NOYAN3QOIIX0L SOHY
YNITIVd0D SOHY

'ddS SMININNNVY
IVIVINWIY

'ddS WNNO9ATOd
VIT043NONIND SNSSTIONIHINV
VITLYATAS YSSAN
YOILYNBY YSSAN
HOVYYQIZY VIT3u
IIYATY

"ddS YITONIVW

*ddS WNYHLAT

"ddS VI9IMAMT

"ddS V43IINOT
WATIT TN MAMANTINIE T

It 3 R

I I I It I+ OO0
=
I+ I
T I Ik IR X IR I
3 3R I T I Ik I& IR I KO I
O+ O O IO O F

I Ik IR * It I 3 Ik

I I OX + IrF 4+ IO+

£
O I I+ I+ + O IO O
3OO I FE I Sk

COOOOOOI I+ *x + + +

[e= 3 I W I
IO H: I IR
= I O I Ik T
S
= O
£ I
I Ik Ik I £ T Ik 3 IR IR I

I O I It O 3k & I I I Tk IR I

+ 4+ OOCOO + + O T I I IO IO I
O Ik Fk I Fk I I T ¥ I
o

H

I* O O+ O+ + + % O D+ FHFOx

COHOOJLOOO®TMI[OIFO®RTO

H T I O O 3= Ik Ik I

COII+ +O0OOCOFOIOOCOI RO

& e 3% O
e I

I B2 Tt Sk I I O

e Tk o IO IO F= I I * O
= £

HH = =

It

3= I £

® 3
© 3t I W
+ 3=

I I= I3

o F* + O

+ OO
b o 3
o o

O DO

I I O I

# #
0
0




M. H. LIEUX

148

EGENTIRIN

"ddS WNY1sn9Il
JYSONTWN93T

YIIONI ¥IW304.1SH39YT
W1V

YIINI9YIA VALl

"ddS X311

XYW INTIAT9

"ddS VISLIQIN
ELEM A EE!

YNVINISYIA SOYAdSOIC
SISNIONITII SNHINYWS3A
WIWTINAD

ELLEENWIINE

"ddS SNNY0I
(TINIJS-INOT) IYLISOWOI
"ddS STHLID

"ddS WNISYID
SISNIAYNYD SIYF
SITYINIAIII0 SNHLNYIVHAID
Y1IWNd YINVLSYD

"ddS YISSV)

YSOHYY 1) VIHIINNNYE
SN3ANYIS VIWIHOYIE
YSONIdS VITvdv

"ddS SISd0T3dWY

"ddS WNITIV

[1M04 SILIYNY
NISSIHdITNr ViZiqw
'ddS §3oY

##

Sk SE S 3

3k o3k 3 o

##

#

oo

#

* O+ + w

St O + +
St I Ik
RO
T I

#0

® Ik ok




149

MISSISSIPPI (USA) HONEY ANALYSIS

SIINOUIH-YAYTD WIAXOHLNYZ
'ddS SILIA

'ddS YIJIA

*ddS WNNINEIA

*ddS YNITHIA
ELEECIRNEL T

NMONINN
GVI4TINIAING
SNIdRY WnITo4Tdl
WNLYNYYINT WNIT04THL
YIYOLONIL SOJ0TdWAS
SANNYID SNENENYS
WN4143S WIS
'ddS XIS

"ddS YIYVLLI9VS
YONIW TVaVS

*ddS snamd

IIVSOY
NOYANIQOIIX0L SNHY
YNITIVd0D SNHY

"ddS SNTININANVY
VIOVINWIEd

‘ddS WNNO9AT0d
Y1704300NING SNSSIJONIHLUV
VIILVATAS VSSAN
YII1¥NOY YSSAN
HOVYVA3ZY VITIW
EVERLZNLY

*ddS VITONOYW

"ddS WYHLAT

"ddS VI9IMaN

*ddS WIIINOT
YY341d1TnL NOYANIC0FHI

I e H 23
It TR TR R IR S oo Q3 B2
= =
£
s O I
I S I I Ik J St 3k Ik Sk

B Y
(=33 £

IO O Ik Ik I I F I
3k 3 O R+ I oo

O I Ik S I O

(=]
¥ O+ + TOOO + O+ * % I+ O

+ + O 4+
© 3 3

I OO OO TEFHO
I O F: I Ik

O + F FHHRFTIIHORFROHFROO

T I e R R o S 3 +
o St
S I B I Ik 3+ * It o+
3 O FHRH Ik Sk kO O o+
T 3
I O o I Ik W= I
I
B I I I T*H= O
I I

I IFE Ik IE I
IO B IO
S =+ B

Ik Ik Ik W

I+ OO0 O

OO0 OO
O 3 3 O

*OOO +

] B
OO RO

oo

#

#
#

£ B3 +
o I E s
EE Y E<3 £
=
B B3
It 3In I oW IR TR I IR
O O I Ik Ik I O Ik I
coo O I Ik Fk Ik
o £ T O Ik Ik
St
£
* 4+ % + * ¥ OFRIO

I

COOOOO + % FHO
Ik Ik IR R I S 3=

OO O0O* O+ OO0 o

It I o Sk
I e I
o = Sk
I IO OO o
Ik Ik Ik =
St
=

S S
I £

Hs Fh I IR I

3k Sk
3 ¥k I
3 O
b

#0




M. H. LIEUX

150

£ s
0oy | 2 — — S [l Wl Al 7l Bt el )l B seadeTTTaLp| ©
€9 i == -= S U/~ 1/~ =-/-[-=/- [ =/- [ =]= T = q
$'6 z 8 T 12 78 SN B VR B4 SN BEV R YR e *dds XoTI | wy
£y 1 - - £2 V= =/=| =/-| =/ | -/-| 1/~ ‘dds B5TA| g S
£y 1 -—- -~ € | U= | ~/~| =/ | 1/~ | ~/- | =/- guTTIEdo> shgy |2 L
L€ 1 - - Lz U= /=1 ~/-{ =/-| 1/~ | -/~ (peurds-3uor) seirsodwoy| § ]
6°9 z G g 1 62 [ ¢/1 | =/= | =/- | 1/1 | =/= | 1/- | EFTojenbuinb snssToousqITEy|
0°01 £ £°E€ 01 o€ E/01| 1/g | =/= | =/v | =/% | 2/~ XEW SUTOATH| |
1'8 € T I L€ €1 | /- =/-171/1 | 1/- | 1/- *dds STITA | <
Lc 1 Lz T L€ V1 | /= 1/=| =/ | =/~ | -/ UNJBUIBOUT WNTTOFIA], m
9627 91 0°¢l L %S 91/L £/- -/- 9/1 /Y £€/C Susapueds eTWIYIIag - 3
Lzt L 81 1 99 LIT | =11 | ~/= | 2/= | v/~ | 1/- SESd5T WATTOJTAL| A L
L'z | o8 A3 z €9 L 8/c (Ut |1/~ | /- | 2/~ | w1 UOIpUSPGITXOT snuy |2 S
9°9z | L1 | zur | 11 v9 LI/t T/ | 1/- | 9/e | S/T g/2 "dds XTTeg| & °
1°%1 6 9°1 1 9 6/1 | T/1 | =/= | S/~ | =/~ | ¢/~ "dds sngny| ~

z saTdues
z 2 . E| 89 | € S | oz | 81 | a1 fouoy Jo zoqung -
»e g »e 2 L ER T A
5 S leelas| B 1 1 ol E e
foe |ER 8| 8|8 |8 | (22u2an990 :
uaTTod uaTT0d A5 B e, o ~ w o — Jo Kousnbaig &
A1epuooag juBuTWOpPaId ®s, ..m.m Jo 19pio ur) sad43
TE30L L Y uaTrod snoioyiwloaN

2p1s puv paup [puoyD1aZan Aq

swupjd snotaftvioau fo sadq usjjod — ¢ *18vV]

sajduns Kauoy 1ddississiy 99 Aappuosas puv jubunuopaid so Suvaddo



MISSISSIPPI (USA) HONEY ANALYSIS 151

25

17 -

13 r

Number of honey samples

2 = __—_——:]7
8 13 18 23 28 ~—P. Type Average
(6-10) (11-15) (16-20) (21-25) (26-30) (31 35)— P. Type Range

Number of all pollen types (84)
FIG. 4. — Range of different pollen types within honey samples.

27 |~

22 -

Number of honey samples
00O
T

2 r- _.l
8 13 18 23 28 +—P. Type Average
(6-10) (11-15) (16-20) (21-25) (26-30)+— P. Type Range

— Number of nectariferous pollen types (65) —

FiG. 5. — Range of different nectariferous pollen types within honey samples.

Salix-type grains occurred in all honey samples except four from northeastern
Mississippi. This pollen type was predominant in 11 samples, secondary in 17,
ranged from a dominance of 66 % to less than 3 % and averaged 53 grains per
300 grains in the 68 samples. However, because willow is dioecious, the pollen counts
may be deceptively low, when using pollen grains as an index of the nectar contribution
of a plant. Conversely, willow’s production of relatively great quantities of pollen
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(FAEGRI and IVERSEN, 1975) and small pollen grains (Lieux, 1975) could offset the
affect of dioecism. DEMIANOWICZ (1964) reported an apparent inverse relationship
between pollen grain size and number in honey. Salix unifloral samples were
generally richer in pollen than were unifloral samples of Glycine max and Berchemia
scandens, both of which had grains larger than those of Salix spp. MauRrizio (1958)
found that three of five Salix unifloral samples had 20,000-100,000 grains; two had
over 100,000 grains. Salix was reported as a major Louisiana honey plant (LIEUX,
1972), present in eight of 11 Florida honeys (VORWOHL, 1970) and a valuable honey
plant in the Gulf States and California (PELLETT, 1947).

Berchemia scandens pollen grains were identified in 54 of 68 honey samples,
predominant in seven samples and secondary in 16. They had a dominance of
87.3% to less than 3% and averaged 50 grains per 300 grains in the honey
samples. Rattan vine was reported as a major honey plant in Louisiana (LIEUX, 1972)
and other sections of the southern United States (PELLETT, 1947). It was not
identified for Florida (VOrRwoOHL, 1970).

Glycine max grains were found in 29 of 68 samples, predominant in 10 samples
and secondary in three. They showed a dominance ranging from 96 % to less than
3 % and averaged 44 grains per 300 grains in the honey samples. Unifloral samples
of soybean showed greater dominance by a single pollen type than did any other
unifloral honey. This trend was expected where apiaries were located adjacent to
soybean fields. Glycine max was not listed by OERTEL (1939); soybeans were not
widely planted in Mississippi in 1939 (Mississippi Crop and Livestock Reporting
Service, 1955). In 1977, however, 3,750,000 acres were planted in soybeans
(Mississippi Crop and Livestock Reporting Service, 1977). Soybean, occasionally
important in Louisiana (LIEUX, 1972), was not identified in Florida samples
(VorwoHL, 1970).

Rubus spp. pollen grains were present in 64 of 68 samples, predominant in one
and secondary in nine. Rubus spp. grains had a dominance of 56 % to less than 3 %
and averaged 27 grains per 300 grains in the samples. Although Rubus spp. was not a
major honey source in Mississippi, it was in Louisiana (LIEUX, 1972). PELLETT
(1947) reported that blackberry and dewberry were good honey sources.

Rhus toxicodendron grains were present in 63 of 68 samples, predominant in two
and secondary in eight. The grains averaged 24 per 300 in the samples. Poison ivy
was not reported by OERTEL (1939), probably because commercial beckeepers were
reluctant to admit that poison ivy was significant among the nectar-secreting flora
(Lieux, 1972). Most species of Rhus attract bees, although bees produce surplus
Rhus honey only in limited localities (PELLETT, 1947).

Trifolium repens pollen grains were present in 55 samples, predominant in one
and secondary in seven. However, when white clover appeared as the predominant
form, there was a relatively high percentage (7.3 %) of Citrus sp. grains and a very low
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total pollen grain count. LOUVEAUX ef al. (1978) reported Citrus pollen grains as
under-represented in honey and defined 10-20 % as indicating unifloral Citrus
honey. In Louisiana, unlike in Mississippi, T. repens appeared as a major honey
source (LIEUX, 1972).

Important nectariferous plants not listed by OERTEL (1939) were Trifolium
incarnatum, Parthenocissus quinquefolia, Rhus copallina, Vicia spp. and Zanthoxylum
clava-herculis (same as UK-11 in LIEux, 1972). Other nectariferous plants not listed
by OERTEL (1939), but present in at least one sample as an important minor pollen type,
were Cornus spp.; Magnolia spp.; Lonicera spp., honeysuckle; Cruciferae
(Brassicaceae), Mustard Family; Verbena spp., vervain; Castanea pumila (L.) Mill.,
chinquapin; Aralia spinosa L., Hercules’-club, Devil’s-walking stick; Sapium sebiferum
(L.) Roxb., Chinese tallow tree; Allium spp., onion or garlic; Citrus spp.; and Saururus
cernuus L., lizard’s tail. Those species present only as a minor pollen type were
Liliaceae, Lily Family; Ranunculus spp., buttercup; Symplocos tinctoria (L.) L’'Her.,
horse-sugar; Umbelliferae (Apiaceae), Parsley Family; Viburnum spp.; Cirsium spp.,
thistle; Desmanthus illinoensis (Michx.) MacM.; Itea virginica L., Virginia willow;
Lagerstroemia indica L., crape-myrtle; Albizia julibrissin Durazz., mimosa-tree;
Aleurites fordii Hemsl., tung-oil tree; Ericaceae, Heath Family; Ludwigia spp., water-
primrose; Lythrum spp., loosestrife; Sabal minor (Jacq.) Pers., palmetto; and Sagittaria
spp., arrowhead.

Pollen grains of plants that are anemophilous and visited by bees for pollen, but
not nectar, such as Gramineae; Quercus spp.; and Fraxinus spp., ash; and the pollen
grains of plants that are anemophilous and non-honeybee-associated such as
Chenopodiaceae, Goosefoot Family and Plantago spp., plantain, (PELLETT, 1947) were
assumed accidental contaminants in the honey and were not included in the 300 grain
counts. Certain anemophilous species [Celtis laevigata Willd., hackberry; Ulmus
spp., elm; Myrica spp., wax myrtle; and Planera aquatica (Walt.) J. F. Gmel., water-
elm], previously associated with honey production (PELLETT, 1947), were also not
counted.

Honeybee-associated plants listed by OERTEL (1939), but not identified in this
study, were Tilia spp., basswood; Medicago lupulina L., black medic; Robinia sp.
(probably refers to R. pseudo-acacia L.), black locust; Trifolium pratense L., red
clover; Melilotus spp., sweet clover; Rhamnus lanceolata Pursh., buckthorn;
Gossypium sp., cotton; Hibiscus moscheutos L., swamp rose-mallow; Richardia
scabra L., Mexican-clover; and Rhus glabra L., smooth sumac.

Most of the 68honeys had less than 20,000 grains per 10-g sample, but
LoUvVEAUX et al. (1978) reported the absolute number of plant constituents generally
below 20,000 only in unifloral honeys poor in pollen grains (e.g. Citrus). The
unifloral honeys of Mississippi are not types known to be poor in polien grains, except
possibly one sample of Parthenocissus quinquefolia and one of Trifolium
incarnatum. Both of these species have large grains and an apparent inverse



154 M. H. LIEUX

relationship exists between the size and number of pollen grains in honey. The
remaining honeys from Mississippi appeared as mixed floral honeys with little input
from honeydew. Both groups, according to LOUVEAUX et al. (1978), should be in the
20,000-100,000 range.

Louveaux et al. (1978) placed floral honeys rich in pollen and honeydew in an
absolute number category of 100,000 to 500,000. In this group for Mississippi, there
were three unifloral honeys and two mixed floral honeys. One sample of unifloral
Glycine max honey probably had a high total grain count due to pollen contamination
during extraction since nine other G. max unifloral samples had less than 20,000 grains
per 10-g sample.

Factors which likely contributed to the low total grain counts found in Mississippi
honeys included increased mechanical loss of sediment from two additional decanting
steps required by acetolysis, more refined beekeeping techniques and more efficient and
cleaner extracting methods, and comparison of counts of only pollen grains to counts
of absolute number of plant constituents.

Although most honey samples were of spring origin, 13 had more than 50 % of
their grains from summer or fall species (ten, unifloral Glycine max, one, unifloral
Parthenocissus quinquefolia; two, large percentages of both); six, at least 16 %. Other
summer and fall species included Sapium sebiferum, Cephalanthus occidentalis L.
(buttonbush), Saururus cernuus, Rhus copallina and Verbena spp.

Geographical origin

Honeys from the different beekeeping areas of Mississippi (Fig. 1 and 2) could not
be clearly differentiated from each other either by diversity of pollen types or
characteristic pollen types. Area 1 was a floodplain distinguished by soybean and
cotton fields. Remaining swamps were dominated by Taxodium distichum (L.) Rich.,
cypress and Nyssa aquatica L., tupelo gum. The better drained sites were dominated
by several species of Quercus, Salix nigra, etc. Honey samples from this area were
characterized by Berchemia scandens, Salix spp. and Rhus toxicodendron pollen
grains. Trifolium repens, Rubus spp. and Gleditsia spp. grains occurred in most
samples. Honey samples were obtained mostly from the southern portion of the area
where soybean acreage was relatively low. In the northern part of Area 1, insecticides
were presumably applied to cotton and beekeeping was curtailed.

Area 2 consisted of a western part fringing the floodplain and an eastern part
where most of the honey samples were obtained. This area was mainly hilly and
characterized by upland species of Quercus and Carya. The honey samples were
mostly influenced by Berchemia scandens, Glycine max and Salix spp. Pollen grains
of Rhus toxicodendron and Trifolium repens occurred in all the samples; Rubus spp.
grains, in all but one. Soybean acreage was high and cotton acreage relatively low
(Mississippi Crop and Livestock Reporting Service, 1977) where soybean honey
production occurred.
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Area 3 included the drier and more sandy soils of southwestern Mississippi and
was dominated by pines with some upland hardwoods such as Nyssa sylvatica. The
most important nectar-producing species were Salix spp., Glycine max and Berchemia
scandens. Glycine max pollen grains, however, were absent from over half of the
samples. Vitis spp., Rubus spp., Rhus toxicodendron and Nyssa sylvatica were
important pollen contributors in isolated samples and/or showed a high frequency of
occurrence.

Area 4 was mostly naturally vegetated with Pinus spp. Pollen types occurring in
all five samples of this area were Ilex spp., Rhus toxicodendron, Rosaceae, Rubus
spp. and Salix spp. Other notable species were Cornus spp., Cyrillaceae, Nyssa
sylvatica and Symplocos tinctoria. No samples from Aread4, where soybean
production was comparatively low, contained soybean pollen.

The natural vegetation of Area5 was mostly dominated by oak and pine
species. Salix spp., Glycine max, Rubus spp., Rhus toxicodendron and Trifolium
repens appeared to be the most influential nectar producers; Berchemia scandens and
Nyssa sylvatica were less significant.

The higher species diversity and lower unifloral production of Mississippi honeys
compared to Quebec honeys (FELLER-DEMALSY and LAMONTAGNE, 1979) correlated
with the increased species diversity characteristic of a more temperate zone. Species
diversity in Mississippi was determined on all pollen types present in the samples as
apparently was the case in Quebec.
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RESUME

ANALYSE DU MIEL DU MISSISSIPPI(U.S.A)) :
POLLEN, COULEUR ET TENEUR EN EAU

On a appliqué & 68 échantillons de miel récoltés en 1977 et 1978 dans le Mississipi (Etats-Unis)
(Fig. 1 et 2) une technique d’analyse utilisant I’acétolyse. Le nombre total de grains de pollen par échantil-
lon de 10 g, le spectre pollinique, 1a couleur et la teneur en eau des miels ont été déterminés. On a supposé
une corrélation directe entre la teneur en pollen d’une plante donnée et la contribution du nectar de cette
plante au miel.

Le nombre total de grains et le spectre pollinique sont basés sur le dénombrement, par échantillon, de
300 grains de pollen provenant de plantes nectariféres potentielles. On a dénombré séparément les pollens
associés et I’identification a été poussée jusqu’au taxon le plus fin possible. La couleur de chaque miel a été
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déterminée a I’aide d’un colorimétre simple (Phoenix Precision Instrument Co.), la teneur en eau a I'aide
d’un réfractométre a main Bausch et Lomb.

Dans ’état du Mississippi 67,6 % des échantillons de miel ont moins de 20 000 grains par 10 g; 25,0 %
de 20 000 a 100 000; 7,4 % de 100 000 a 500 000. Les dénombrements concernant uniquement les miels
monofloraux sont présentés dans le tableau 1. Sur les 84 types de pollens identifiés (Fig. 3), 65 proviennent
de plantes nectariféres, 11 de plantes polliniféres et 8 de plantes sans rapport avec les abeilles. Le tableau 2
fournit un spectre pollinique complet pour les 65 espéces nectariféres.

Les principales sources botaniques des miels commerciaux du Mississipi sont, d’aprés le nombre total
de grains de pollen présents dans les échantillons : Salix spp. (surtout S. nigra), Berchemia scandens et
Glycine max; Rubus spp., Rhus toxicodendron et Trifolium repens sont moins significatifs. D’aprés la f. é-
quence du pourcentage de présence (i.e. le nombre d’échantillons de miel dans lesquels un type de pollen est
présent), les espéces dominantes sont par ordre décroissant d’importance (Fig. 3) : Rubus spp., Salix spp.,
R. toxicodendron, T. repens et B. scandens. Salix spp., G. max et B. scandens produisent le plus grend
nombre d’échantillons monofloraux. Dans les échantillons isolés Trifolium incarnatum, Parthenocissus
quinquefolia, des Composées a longues épines (Asteraceae), Rhus copallina, Vicia spp., Ilex spp., Zantho-
xyllum clava-herculis et des Cyrillaceae (Cliftonia monophylia et Cyrilla racemiflora) sont des produc-
teurs de nectar importants.

52,9 % des échantillons sont d’origine monoflorale; les autres sont des miels toutes fleurs; 61,7 % ren-
ferment de 16 a 25 types de pollen (Fig. 4). La plupart des échantillons sont produits en été (G. max) ou au
printemps. Les types de pollen, autres que G. max, qui indiquent des miels d’été ou d’automne, compren-
nent P. quinquefolia, Sapium sebiferum, Cephalanthus occidentalis, Saururus cernuus, R. copallina et Ver-
bena spp. L’analyse pollinique n’a pas permis de distinguer clairement les miels provenant des différentes
régions apicoles.

Une analyse discriminante a montré que la variation inter-groupes ne permettait pas d’utiliser une
analyse de variance pour comparer le nombre total de grains de pollen et la couleur ou la teneur en eau
avec le type floral.

ZUSAMMENFASSUNG

EINE ANALYSE VON MISSISSIPPI-HONIGEN (US.A)):
POLLEN, FARBE UND WASSERGEHALT

An 68 kommerziellen Honigproben, die in den Jahren 1977 und 1978 am Mississippi, U.S.A., gesam-
melt worden waren (Abb. 1 und 2), wurde unter Anwendung der Technik der Azetolyse eine Honiganalyse
durchgefiihrt. Es wurden die Gesamtzahl der Pollenk&rner in einer 10 g-Probe, das Pollenspektrum, die
Farbe und der Wassergehalt bestimmt. Es wurde angenommen, dass zwischen dem Pollenanteil einer
bestimmten Pflanzenart im Honig und ihrem Beitrag zum Nektar ein direkter Zusammenhang besteht.

Die Gesamtpollenzahl und das Pollenspektrum wurden durch die Auszdhlung von 300 Pollenkdrnern
von potentiell nektarliefernden Pflanzen bestimmt. Andere im Honig vorhandene Pollenkdrner wurden
getrennt gezihlt. Die Kérner wurden auf der tiefstmglichen taxonomischen Einheit (Gattung oder Art)
bestimmt. Die Farbe wurde mittels einer einfachen Farbskala klassifiziert (Phcenix Precision Instrument
Co.); der Wassergehalt wurde mit einem Handrefraktometer von Bausch und Lomb gemessen.

In Mississippi hatten 67,6 % der Honigproben weniger als 20 000 Korner in der 10 g-Probe; 25 %
hatten zwischen 20 0C2 und 100 000; 7,4 % zwischen 100 000 und 500 000. Die Zahlungen von Einsorten-
Honigen sind in Tabelic 1 zusammengestellt. Von den 84 Pollentypen, die bestimmt wurden, stammen 65
von Nektarpflanzen; 11 von Pollenpflanzen; 8 Typen stammen von Pflanzen, die nicht von Honigbienen
besucht werden. Tab. 2 gibt ein vollstandiges Pollenspektrum fiir die 65 Nektarpflanzen.

Die fithrenden Pflanzenarten in den kommerziellen Mississippi-Honigen waren nach der Gesamtzahl
der Pollenkérner in den Proben Salix spp. -meist S. nigra), Berchemia scandens und Glycine max; Rubus
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spp., Rhus toxicodendron und Trifolium repens waren von geringerer Bedeutung. Ausgehend von der
prozentuellen Héufigkeit des Vorkommens (dh. von der Hiufigkeit der Honigproben, in denen ein Typ
vorkam) waren folgende Arten fiihrend (in fallender Reihenfolge; Abb. 3) : Rubus spp., Salix spp., R.
toxicodendron, T. repens und B. scandens. Salix spp., G. max und B. scandens erzeugten die grosste Zahl
von Sortenhonigen. Wichtige Nektarlieferanten in einzelnen Proben waren (Tab. 3) Trifolium incarnatum,
Parthenocissus quinquefolia, langstachelige Compositen (Asteraceae), Rhus copallina, Vicia spp., Ilex spp.,
Zanthoxylum clava-herculis und Cyrillaceae (Cliftonia monophylla und Cyrilla racemiflora).

Von den Proben waren 52,9 % Einsortenhonige; die iibrigen Proben stammten von einer gemischten
Tracht; 61,7 % enthielten 16-25 verschiedene Pollentypen (Abb. 4). Die meisten Proben stammten aus der
Sommertracht (G. max) oder von Friihjahrsbliiten. Pollentypen, die ausser G. max Sommer- oder
Herbsttrachten anzeigten, waren P. quinquefolia, Sapium sebiferum, Cephalanthus occidentalis, Saururus
cernuus, Rhus copallina und Verbena spp. Honige aus verschiedenen Bienenzuchtgebieten waren durch die
Pollenanalyse nicht klar zu unterscheiden.

Eine Diskriminanzanalyse zeigte, dass die Variation innerhalb der Gruppe die Anwendung einer

Varianzanalyse fiir den Vergleich der gesamten Pollenzahl und der Farbe oder dem W assergehalt mit der
psflanzlichen Herkunft der Honige nicht gestattete.
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