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Estimating Total Corn Pollen Deposition for Environmental Assessment
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Pollen dispersal and deposition was measured inside and outside of a corn field
throughout the flowering period. Weather conditions, such as wind speed and wind
direction, were measured simultaneously. Pollen dispersal peaked one week after the
start of flowering and continued for 12 days after. The variation in daily pollen dispersal
was similar at all observation points. Pollen dispersal and deposition both decreased
exponentially with distance from the corn field on all days. We evaluated daily total
pollen deposition with a statistical model considering the effects of wind direction, wind
speed, and flowering period. The potential deposition, which occurred when wind
conditions were suitable for pollen emission throughout the flowering period, was
estimated using this model. In addition, the potential deposition was integrated for the
flowering period. The relationship between distance from the field and the integrated
potential deposition was estimated. It was possible to show the risk area rationally by
combining the distance-deposition relation and the dose-response relation which could be
derived from a laboratory assay for a problematic organism. The algorithm described
here can be applied for various plants to estimate both potential and integrated pollen
deposition.

Key Words : corn pollen, total deposition, estimation model, environmental assessment
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Fig. 2. Variation in the number of airborne pollen grains with passage of day.

Pollen dispersal peaked one week after the start of flowering and continued for 12

days after.
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Fig. 3. Variation in the number of deposited pollen grains with passage of day.
Large numbers of pollen grains were observed at the inside and near the border of

the corn field.
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B 5 HPEEEEOFEHE LA RT. by ERI YD
MElLchsmat L4m ofis il &, ik
R o g 2.1m /s TH - 7o, JHE IR
D) & HEE I HAEA G 1 1.5 ~ 2.0m /s fRIET
(TH25H~8H12H) Iz Hoth, TH2ZIHMSSH1IHETTO 6 HBIZ



by e a B RO T 109

3.0m /s ik o g A 7R L 2o, FERRIIS I v o
FHEEE IS B B 1990 ~ 1996 4 o [alHH ] o> -4l
HOESSHE6m) (324m /s THBEIEMND,
KEEIE O EaE L, RO E AN TRE

CHEIWSIWT EMbh b

Fig. 5B krﬂﬁiﬁmk B 5 HYEEE L (L
dm) ORFHELERT. # éﬂblﬁﬂ@ﬁﬁ—L WFIEH I
FELMETH >0, 8HIHMSHRAICHELYD
J&@ic v 7 b L, BE R s LA, s
F 3 1990 ~ 1996 tE D [EHH o PR EN S HrE T b b
JEGH & Al il & RIS B 1 B P EIREE T d - 2
EEZ NS, FAEREETCEC S W CER] A T LE
LT &id, FEABIS O ERBIEEEs o B 50
5 LT, KEM#ETS -1, Ml omEdEe,
MMEEDICY 7 b Lo 57— 5 &b T4

EAE R0, Iﬁklr:]\b@bib\lmll@,@ i~ C o e

NEUCHZ BB A i3 5 1o il 7s 7 — 5 W3t
shie,
2) &, MR, HEHE

H P &R 2 F A IR A U 28°C mifg & s L,
FULHME W, BRI LD eeEn T, TH
27T Hi3 29.6°C EHpic@Eh - o, Wi, 8 H 10 HiZ
26°C & WM © BT - 7o MR & 70 ~
80% Oftix/RL, O3 %REMit Yy 2D/ ¥y —
vA KL, 8H10HIE93% SFFlcE V& s - 7.
HEHEE 8 H 10 HEZME 18MJ / m* LI Eoft% kL,
FERICTH29H 258 H2HO 5 HIEIE 26MJ / m*
PLbomoHfas 5 slRThd -7 BFRKIE8HS
HE8H 10 HicEgashTws, 8 H 5 HOMBKIE
ERICRRMIC B - - TH » 72728, Hp OB
WANOFEL DI - oy, (EilisEds i L
T FEGHIHDO Z 54 K79 2~0OBEdH -1 b
D LN S,

5. JEOREEAEERE L o ALB & T O € 7 v
EB i & 353 E A I 4 2154, BRI 4
TR A0 s S TERS TR - 7 S5 THERS L 72055
BT, FOMETHMENL SV B2 ATEETH
L. IhE (EBMEF v v VETFEEESRC ST
5. &AM, FEBRICHNS N AE8E TEE, Ro
PEAZUTWE, 22T, M - @ & o/
ZROWT, EAE TN S hcfERE N Euc S A
AR EEF LT s EailAl. COEFIVER
Wi, JEFEREESED - IGEICED LS WHET
HichianiaTlld s L bnfitEn s, £/, O

EFNAERCT, BIEH» S OMEEE by €03 VB
DRF v v VIR FTROBGRERG L, ARG TR,
it e P AT 5. FALOAHREE P
ERLLTomE) Th b
1) BB b ' o a o MiEo N6 s
(%557~ 5 1 m, 10m, 20m, 30m, 40m, 50m) Tk
W S R B o HEEHEE 4 5
2) b EDD vaAth. filz L, 4E#ﬂ&bk.rl, L9%
e, R s ENRETH 55, o ED
o UK E LT@HFHE”J:JI“M Ak T & o EEIR
MEICiE oo Ehd b0, LoEMMELE. o
otk & LT OBIEREOREL s — v &, B
OBAERRIE & REor, 2 ihiR CRc YRR
4%,
3) Bl 2 e MU, BIfEsEREIc 4 5.
4) B s s e MU, b 4
5) & 2 1ERE RO, B & A d Jili)
L) o F AU B LT d B, Jalm s (16 4
(2T 8 ) MEIIAE & IMAS s A AR &, |5 h
HO(16 HHLT 4) OERCENE S s e
ﬁﬂﬂﬁ%<.%@@?—7fu,mﬂu8#%4®
falic
6) M/}MllJ%dem L7 TH 25 Hiz, BE&hIchHlE
L@k, gRBEAERONE L. LT,
HE2Akob{tMEE2, TH2UHEZEo LTS, D
FaRicEd s, LFoLS> itk 5.
P=aSp Ws (1l — Wdd/90) (1)
=bt* +ct (2)
o, PEfER#E N (# / em® day), Sp (38
HARKOBEEE ([ /cm®), Ws (3 H P a
(m/s), Wdd (34 & FERB B &5 2 5 SsE i & o B
Pl oZER AR (), t BHNTTH 24 HAE o
EdhH, a, b, cBEHTHSE., ThoDLEREHL
Y5 &
P=Cl Wd Wst* + C2 Wd Ws t
+ C3 Wst? + C4 Wst (3)
Lo, PaHMERKIC, FElEIcE-S W CER
Je i 24TV, 4 D ofFE (Cl, C2, C3, C4) A3k
Hi.

6. # ME@BINE~D € 7L o#AEE

1) E7F Vo4 EHL DR T v v+ ViE PO
s

WA OBMSA (B2, N1, N2, N3, N4,
Nb5) cilill& i FECE B &6t L 2o H



110 IS « BARE « 41« &FG « KA - H b - B

2000
1:1

Adjusted contribution ratio R2=0.90

Estimated pollen deposition (grains/cm? day)

0 500 1000 1500 2000

Observed pollen deposition (grains/cm? day)

Fig. 6. Relationship between the number of observed pollen deposition and the

number of estimated pollen deposition. Adjusted contribution ratio is 0.90.

2000
—=s—— Observed
E‘ ----a---- Estimated
3 .
— Estimated
NE o] — & Potential
=)
~
1%}
k=
I
=
2
o 1000
g |
=
k7]
o)
o
o
o 500
g |
°
~
g ' T

24 25 26 27 28 293031 1 2 3 4 5 6 7 8

July August
Date
Fig. 7. Variation in the number of observed and estimated pollen grains with
passage of day. White squares with a dashed line shows the variation of estimated
pollen deposition using the observed wind condition. White squares with a solid
line shows the variation of estimated potential deposition using the ideal wind

condition.



by Eo 3 AERE N TR 111

ZAbE BRI LT, kiddic &k » THElEaalE K
Wi, fRTORSRE S NIRRT, BIEL 19,
FAHBREL R 132 0.984, F5R (HERERE R
0.968, EHETHIE L7255 %R R (3 0.896, Edt
703126 TH -7z, comPge, FETEmm -
il & B O THEETERE FECESTRIL 7. Fig. 61¢,
TR OERTE N & HeERE T RoOBRAERT. Hida
EFNTHYHEMBS, BlESNE TEOEHORK I
A TE S EMbho . Fig 7Ti, {EHo%E
& T EHEETE TR OB BE L2 R, SR
HZ(LOERE M K HEHTETWA L, 8 H
4 AEHOEH TV JABRENREL L > TVWE T L
WENbMNPE, 8H 4 HOEWITIE—RINICEMEE - 7
T &, 8 H S HICHEAEG BN Tibhic C
EIEM, HEIROBNEICEEEE5ZEEZ LN
%,

C ORI T, A EE - EB s BB o
TREC S &R Lcb oo, &PtV T
JAA 3 RAICHICY 7 b4 B & & b, RSP RYY
S BEFAMEN S fic, (B o PR &

s E FHER Lo LOE LT, TEMTRIEEC € 0 5)

HNED R I B0 ETT 20468 WH D, £IT,
FiomEREE F v ERWT, TR T H R
AipE (16 AT 8), HIYEHE#EA3 (m/s) TH-
oSG oIS OB S (6 His) To&HE T E
HeE L, CHAHADRT v v v Wik NEEMSC
Licd B, SEFERAET - oo  IETHEE G g0
LoGRBNE IS L, TATA»S 8 A LA
M Co B EGEO AN EEESS, 3 (m/s) Lh
it zoid, 20FIC I BEEDOI ETHLIEN
bt Fig TIc#F v v v VE FEOKRBEELE
K. ZDNy =i, REREPSRELLDTH
58, zoE—spEillshicE—27 Lo dikic
HBHENDNL, THOEBAEBRTEONLET
BomFEHN S, MoEBICL->TRECRD LD
DEBRLTWEEZONS,

2) [0 & OMEHECfES R v v v L FEREERE
DEAL

Bl ic L 2GR A RS & 4 258, HADORF v
¥ WP TSR BRI > W HERS L 723 0%
TFHERSHEA SR HED H & & 18 5. ARG T,
CNAE AR E B E S T & & L, [0 50l
k- TED R I IE(LT B oW TR L 72

—

O Estimated

—— Curve fitted __|

< 160009_
o Ji
=
wy
£ 140007y = 14791 exp (-0.158 x + 0.00275 x2 - 0.0000183 x3)
§ 12000 |
8, \
< 10000 |
=
S \
= 8000 \
o
o
8 \
5 6000 \
=
2 4000 \tl\
[a%
g 2000 AN
3 &
:?:D \EJ\ P
=
= 0
0 10 20

30 40 50 60

Distance from corn field (m)

Fig. 8. Change in the number of the integrated potential deposition of pollen

grains with the distance from the corn field.



112 &

R SR

< RS FEL -

Hick - T, WEREIC X 258 FHORE vy — v &0
FREEZE D B AP~ B 120, HBNCHIEA 6 HinS o
NG FHE TR/ S S 0% TGRS, H 0%
FEGREE S & — v 2t CofR, v -2 4580
TR (TH 26 H ~8 13 H) <t
JE DS D ICZL L2 8 H 3 HARR I, [ w‘ﬁ 5
DN UEEREIC S P omE vy — v, Hick
ef@ﬁ~if&5:tﬁhmﬂt.:@1%%ﬁ%
oz MU, SIREIIR 078 Mo 94% % 5

Hb@f%yvvw%TﬁéﬁM%KOMfﬁAL
ToRT vy v W FRELE, [ 6 Hid o g
NEEATRIC O WTATE L N N oA
BlLicETh, $H20E-7. 22T, SEHNHS
IZBWT, EREBOENE FEGiHEE 259 5
Lk T, SBHLE D R 7 v v i O
fiff, d‘f;h%ﬁklﬁh‘f{lj*ﬁ;&f 3 L2, Fig. 812,
550 © DPEEEI(F 5 R KHERE B B o 2L & ik 4.
Koo [k & UDPLIﬂI/b‘JQ( Ufiti 2 & HETE L 72 fie A HERE
EEL IMBIIERIEAE b T TIE SN F o
KERLIZBDTH B
y = 14791exp (—0.158x + 0.00275x"*

— 0.0000183x*) (4)
CIT, yERAKHERERE (W/em?), xdiflEo
B R o ofiEt (m) TH5., —iIcis, T3
x5 2 =5 obuihi el & E TEOMGRE
KITOMPFE LW, TR, (EBE -9 %
HHLT, INSETELEZUHOMITNET 5
LTl (4) 2Lt Codhfgsmonig, Hs
o (EEOEEHC B O 5 R KHERH B B iile Tt & 5

COLHIBr =2FOLIEVF -y hoEonsdh
frERWT, SRWSHEERTTS T & EBRTH 5 h5,
H A THIEEE O L 756 O B KRR Em B o b 74
WeEt Lo, WS S i b st WIS s, LI R o
FAL U7 4E%B% (5) CHIBEE 4 FEOBIGE £ L
7o, NS A=21F, W5 S 50m oHSics 5
(4) OERH (dy /dx) ki s X Hic LTk
Wiz,

= 14774 exp (—0.02056 x) (5)

COBRAIcE S i, [l & O FEEEAS 250m {7

T, (LA N A e EvwEEZ SN S

] S

LIS B O WA A0m, IS A 2 A
OIEHE 0m © b % € o 3 S4B L

Jal Mo A s b, BRI A LT, (B
fl‘énﬁ(ﬂ& A ROFINA TS EaMR s, EE . ) 2
ERBEMEOGHN BTV, HEEE - BT L7, 7 0f5E,
(LTI S & 098 PR o R < 5 — 13, J‘Ul'f
L > TRELAED ST &, [l & DRk
IAEBTIRIEE R & F o &k, Yol ME%{I&HM#
W3 5 S ERENI ST -2 Th S @il
FEHER, IR OOIREE & AER i B D BER & T L 74
[ S AR W N | /[N E W F Ve = o (e I P )
A ERE L B A BRI ' S ovic k& - TEE
id 2T a4l Lz, CoFErHuTHELN A
By Jal Mot © OREEE S 7E FERER GRAHER(E1)
O offRd, RofiEERICE - TN AR
FE OGRS A SRS T Ltk > T, [#l
I OER ) — v ASMINORT C EMNTE S, A
EAHSG THI VWIS 0BG, % FIEB A 4000
(f# /em®) PllEThidhEMELi Lo LDn S
10m @i hiELecd s &, 2000 (H /em?) LU
FCRug e omuoi s 20m #ih iy
BTHBHE, 1000 (#H /em?) LT i
LRSIV DES I0m #inniELeTchs T &, 500

(f# /em®) PLLTHdN@EMEL LV DOE S
S5om BN NIELLeTH B &, BEIER &R
55585108, 260m (L CREMRTH LI EFERT S
EMTED

Tl G, b T avETREL, Bk

BAEWI D 7 v VNP FORMERS By 802 HE i
THIEDIHWE I ENTES., ZOFIEOWE A,
1) w5 &4 alliicsuwe, ERpoi Ficdsunwe

EI A U, ik I*lerﬂljn;{v%(ll_

MUCBOLTHENT 5, [ENc, 8N, JEGE, S,

MR O RSO BN AT .

2) BEIRI ooIE:, &5 L OMERE MO B A o,

SHRMIG R E LT oBER A HEE S 5.

3) AHET/RLAEEF VLT — 4 42HTEHL &

2k -T, 52—y E2HET S
1) xgIsko>, Gk o BIERINIC B B o

G A b &g, BUHORKARS 5. T

R SR o T, flAE 20 I 1 EE K]

LT C D D B RS H O S
5) TR D S qh\Eﬁ(&fJ\a’ﬁck‘tt (i L 725

BORT v v ik FEE, FEiICHES VT

SELTZE T vERWTHEES 2
6) R7 v v Wik VA ’\ﬁﬂl[ﬂ\_’)h\ TEHEL##

TV VE FRREE, FEE N EE 2R



boE e 3 B MO T 113

WTER L2 MRS LT, 2olbx
kb %,

T) SRS B 0T, LREMMOENE NS
e, BTk ARES S LItk - T,
BHAHSEO R 7 v v VETEREEM, 4 8b
B AKHER B B e 4 5

X% &S B IS O AR 7 2 [ LT
d, FidoFNchie- T, BilEiry, &7 EREE
TH Ff, —EREINIET LV, (EHOSTED
B O B2 b & 15 1 U, i & 4 2 s oo Jilk

PEMOFEAEEET 5 2 &tk - T, A

%, [l o OYEE & e KHERHER B O BIfR 72 & %
HETX 3.

SO KE S L LG EI, W F o ks 1~
HREDEHITELBEMTONVWTIE, 4% 514
EEARATEQLZY, Y)Y 3 2L — v 5 vl
EEHOTI ST SN AU S0, 5
B4 2 oM E L& LT, UTo
L EEESN S, MO F OGN L 1581
1, 5 0 B O O B T D 2R B B 3 B
B0, A O F RO 2 51278 5 T b 2Eh{Efy i
R 2 53 o, —J7, o/ T S iih
B3 L, mnl o J5a] OO BN L p) L T2 Egyi
RT3 EEZ oN5, BIANCEAET 5 H R ONE
DI L 788, WIS o IR R WIS T o g
TEMBIE 2 IEEAEBEEZ IRV, —F, o
i SHEEN 213 &, RRNCE S 2 A7 Ol o R
‘RMLTWW%%%WiWM? LEZOND.

ZAE, W50 S OFEEED 100m (i f THMEE 4 255

JR[AC B89 5 S5 B OWEAEL 100m & 5 L 5 10l

G, RN BT B HA OGO BRI RS & 4 5
) THOZENES B ORRICH F oL b s

s n 3,

AT, W S OEEEE (B T RO BRI
TIRFIDEITIH > TLDEZLTOI M - 728, Ak,
e O MU, BSOR I x V 7 NO R s &
LTt 2008035 5. ZOMEE, 5% ol
AFEEARA RN, vIal—va v FERmEc
L-oTHRET LB E SOV, $£/, Lo iFiER
TNEEET 51013, 2 OB T — ¥ 203
L4 59, %®M%Ki%kﬁ%h&ﬁ?é £,

i Sy in o s ZEch fERYECE ST T & 2 Tk oo Bas
SHOBEELRETH B,

= #

té@%:Lm@W%mﬁmf,&%%ﬁ&&%F
Btz SBEmmic b 7 » TiT - 12, [, &
M SRS SRR A ~0)§'HH'J biT- 7o (B
SHAEREG 2 © Tl T e — 27 &1, 19 H ks L
fo. IREEBOBRHEEL Yy — 213, Hisick - TAR
KED ST, WSO ICE & 125 {EBT
WECCAEB # N RO, & o H b IgEBIErN i
D Utc. HIRE T, 6 & s o f s s 2 L
G E T v EGWT, FEliT S T EnTEE. C
DEF WA OT, Jilla] & BUEATE B o T i 7
SN 2R 2 U TR L 2ciic s U B # 7
Ve WK NEGEEE L, S0, HADEF v oy
IWHEE RSB BRI > W T HERS L 721 & 0% T
RERLfE A sk oy, WMo M A © o FEEE S 7% T RO
fiti G RHERSAERIED & OBIR AR L 72, C OB

&, EL?Hﬁf:—‘:ﬁlwt’A'CfH )#Léﬂzb}{ﬁl HofEk
JE A 2 LA ZEILk-T, ME0E DfE

|” Y — /%L,H;H‘Hu_d{’sl'a_ &fﬁﬂﬁk& AN
Nl HiEE, by Eoa v Tnd, Eeuitho
T Wik NP IR B B i E 4 2 70
ICHWA ZEMTED

TRk

i i3
4:6}{-%»&;@/)54;1!1t BB

(EEE SRR S I B A AR o et A [ )
i»&w'mmrt‘ukwm otz F1o, [EWF
m)rlb,Lr’.J'H SR IEAR A, WY 55
i A i ZLDA VAREL—Ya vEWEIE W,
oI, [”JUYILJ}V)(A HEREWFE O NG ki it
MROXA L% DEFETEMER k-7, o
LD T, SAZHL, EBILERL LFu,

51 F X

(1) Losey, J. E., L. S. Rayor and M. E. Carter :
Transgenic pollen harms monarch larvae.
Nature 399, 214 (1999).

(2) Raynor, G. S., E. C. Ogden and J. V. Hayes :
Dispersion and deposition of corn pollen from
experimental sources. Agronomy Journal 64,
420-427 (1972).

(3) Paterniani, E. and A. C. Stort : Effective



114 NG« KARE « L - &FG « KK - b - i
maize pollen dispersal in the field. Euphytica dispersion in the hills of Wales : A pollen
23, 129-134 (1974). shed hypothesis. Pollen et Spores 26, 127-136
(4) Raynor, G. S., E. C. Ogden and J. V. Haves : (1984).
Dispersion and deposision of timothy pollen (7) Giddings, G. D., N. R. Sackville Hamilton
from experimental sources. Agricultural and M. D. Hayward The release of
Meteorology 9, 347-366 (1972). genetically modified grasses. Part 1 : pollen
(5) Raynor, G. S., E. C. Ogden and J. V. Hayes : dispersal to traps in Lolium perenne. Theor.
Dispersion of pollens from low-level, crosswind Appl. Genet. 94, 1000-1006 (1997).
line sources. Agricultural Meteorology 11, (8) BN b eoavg ORbfhi) ARG

(6)

177-195 (1973).

Price, M. D. R. and P. D. Moore : Pollen

PRIl ALK pp.1116-1119 (1989).




