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ABSTIIA(:L' Potato tJlrr \~~onn. Rltl~ori~noea opm~le l l a  (Zeller), is the most serious insect pest of 
1)ot;itars \vorl~lu.iclr. l'llti i~itn)duction of the Bacilbu. thuringiensis (Bt) toxin gene through genetic 
rngilltbc*rilig c~fft~rs i ~ s t  plilllt reAsistar~ce for the management of potato tuberworm. We report on the 
fiplcl itl~d ~t01.ilgt' s t u d i ~ s  to ~ ~ a l i ~ i ~ t e  Bt-cr1{y5 potato lines for resistance to potato tuberworm in Egypt 
l i ~ ~ c l t b r  ~~ittiil.ill i ~ i h ' s t i i t i ~ t ~ ~  illld t h ~ i r  agro~lonlic performance in both Egypt and Michigan. From 1997 
to 3001, f i t a l d  t*alxbri~~~tuts \t1t*rc coriducted at the International Potato Center (CIP) Research Station, 
Ka& El-%!.:kt, lig!+pt. el~cl i or Agriculttlml Genetic Engineering Institute (AGERI) , Giza, Egypt, to 
tlvalriattb n*sistar~c*c~ to tube~rworln. A total of 27 Bt-transgenic potato lines from six different Bt 
lo~lstrurts  \\.tarta i~valuatt~cl o\*cr a 5-yr period. After harvest and ;valuation of the agronomic trial, 
stsfiigtv*t ~tltliitioni of potato t~i l ) t~rwsr~n daii~age was done at the CIP Research Station. The 1997 field 
tri;ll \v;is t I I I *  first fit41ti tthst of' p,chil~tic~ally engineered crops in Egypt. Field tests to assess potato 
tul~t~rtvos~n r'ihsistai~r't* ill Egypt were able to differentiate between the Bt-transgenic lines and the 
11ont r;~~isgt*lli(. Ii tits! (1111 ti\*aiqs in 1999, 2000, and 2001. The Bt-cnjS-Spunta lines (Spunta-G2, Spunta- 
(3, :u~(i Spiirrtii-(;a:%) \vtSnA tllc* nrsst resistarrt lines in field with 99-100% of tubers free of damage. In 
tlw 2OOI stol*;igcb stuzlj., thtast* 1ine.s were also over 90% free of tuberworm damage after 3 mo. 

/ 
NY12:&71~ -1,1.;3, ~ v h i ~ l i  t~o11ll)i11t~s g l a i ~ c ~ u l ; ~  trichomes with the Bt-crt~S/gus fusion construct, also had a 
lligl~ 1)t~~t'lttiigt" o f  c*lt*;ui tu1)cr.s irk the field studies. In agronomic field trials in Michigan from 1997 
to 2001. ttit, IJf-tr;ii~sgc~tiio li~irbs in most instances performed similar to the nontransgenic line in the 
agrorio~t~ic* triiils: l i t )u~c~~*c~r,  iri Egypt (1998-1999), the yields were less than one-half of those in 
MicI~igiu~. Xtsprt*ssio~l of thtb Bt-r.t-!/5 gene in the potato tuber and foliage will provide the seed producer 
atxcl grotvcbr il tool ill tvlliclr to rtqhice potato tuberworm damage to the tuber crop in the field and 
s t0r :~g~~.  

KEY VVOHIIS Xdtrt-illrrs tlllrr.irtgic*tt,qi,~, tfilrxsgenic plant, Solanurn tuberosum, Phthorimaea operculella 

TIII.: C:I~X:I'IYA"MI 9 IY YI'~YI*( r ,  S o l ~ i i l t ~ ~ r t  / t l / ) i > ~ ~ ~ t i i n  L., is one 
of tile ~ ~ o r l d ' s  1110st ill~por'tiu~t f'oc)d crops, following 
r i c ~ ,  w I I c * ; ~ ~ ,  i t l l ~ l  ~llitixtqPNoss 1986). Potatoes are 
widesly g r o ~ v ~ i  o v s ~  Irluriy Iiititriclcs and c~levatior~s in 
over 1:30 eotlxltrit~s. In Egypt, pot;~toes :we grow11 on 
-80,(XK) E1;r pcqr' Z;cbar, ar~rl *-8,2 r~lilliarl toils are pro- 
ducecl arztttlally (Ali 19).!1:3). l'hrcc~ crops ofpotatoes are 
grown in 1Sgypt pcv ytA;ir ( -*+32,OC)Q -:36,000 ha in sum- 
mer iillcX 80,OOU - 2=4.(X)C) Ilii t b ; 1 c 1 1 1  it1 '111 a1lc1 winter). Of 
this, *w!)O$t+ is c*r~xisrirr~c~cl loch;dIy, aricl 10%) is exported to 
Europt* anti trtllr~r Afi1b t*crr;rrtrit*s (FA0 2002). Local 
consmnptiori is i~nportitnt Eor std~sistence and for nu- 
tritiol~al hi i l i i r~c~~ ,  \vhiltb ths~rort is ilrl ilr~port~zxlt source 
of fore.ig;rl c.ttrn*r.rcy. 

' E-rndil: slotrt~ht~url(tr ~~r\u.t~tltt. 
~ I c h p l ~ r t t r ~ c ~ r ~ t  of I.:rltor~,c,lclqy, ?IIic.l~igarl Stilt(* Ulriv~rsity, n ~ t  Lm- 

sing, hll I%bt 
'A~~rictt ltur~~l C ; ~ ~ r t t * t i c .  I":igiiit*t*ri~lg Htastrtrel~ Institute, ARC, Giza, 

Egypt , 

The potato tubenvorm, Plzthori7naea operculella 
(Zeller), is the most serious insect pest of potatoes 
worldwide. It probably originated in South America, 
where the potato also originates (Goldson and Em- 
berson 1985). The potato tubenvorm is of greatest 
importance in subtropical and tropical latitudes. In- 
secticide use is the most common means of potato , 

tuberworm control in both field and storage. As many 
as 12-20 insecticide applications may be used in Egypt 
to control potato tubenvorm and other insects during 
the spring growing season. Three to four insecticide 
sprays or direct applications are often applied in sum- 
mer storage for potato tuberworm control (Madkour 
1999). 

The potato tuberworm attacks the potato by mining 
the leaves and tubers. Damage is caused only by the 
larval stage (Raman 1980, Goldson and Emberson 
1985, Trivedi and Rajagopal 1992). Larvae tunnel in 
leaves, leaf veins, and stems of the plant. This damage 
causes loss of leaf tissue, death of growing points, and 
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weakening or breakage of stems (Bald and Helson 
1944, Raman 1980). In the field, the tubers may be 
infested by larvae from eggs deposited on the surface 
of the soil near the base of the plant, or moths may 
move down through cracks in the soil and oviposit 
directly on tubers. In storage, eggs are laid near the 
eyes of the tubers. The larvae mine into the tuber 
causing irregulax tunnels both near the surface and 
deep inside the tuber, rendering them unfit for human 
consumption and susceptible to pathogens. The po- 
tato tuberworm is not strictly confined to potatoes. It 
may feed on numerous SoIanaceae including tobacco 
(Nicotiana tabacurn L.) , tomatoes (Lycospersicon es- 
ailenturn Mill.), and eggplants (Solanurn fnelongena 
L.) (Goldson and Emberson 1985). 

Bacillus thuringiensis (Bt) is an aerobic, grain-pos- 
itive, soil bacterium that accumulates high levels of 
insecticidal clystal proteins during sporulation (Mc- 
Gaughey and Whalon 1992, Barton and Miller 1993). 
These crystalline protein inclusions, or 6-endotoxins, 
are the principle active ingredients in Bt pesticide 
formulations currently in use (McGaughey and Wlza- 
lon 1992) to control insect pests. The advantage of Bt 
over conventional insecticides is target specificity. 
The original Bt insecticidal protein is specific for Lep- 
idoptera and has no known detrimental effects on 
beneficial insects, mammals, or birds (McGaughey 
and Whalon 1992). 

The introduction of the Bt toxin gene through ge- 
netic engineering offers host plant resistance for man- 
agement of potato tuberworm. The major advantages 
to this delivery system are increased efficacy, reduced 
application costs, and minimal scouting needs (Lam- 
bert and Peferoen 1992) compared with a conven- 
tional insecticide spray strategy. Our transformations 
in potato with a codon-modified Bt-mjS gene (effec- 
tive against both lepidopteran and coleoptersln in- 
sects) have produced high levels of Bt expression, with 
80-100% tubenvorm mortality in detached leaf tests 
(Douches et al. 1998, Li et al. 1999). The development 
of this germplasm was supported under the ~gricul- 
turd Biotechnology Support Project (ABSP; http: 1 1 
www.iia.msu.edulabsp), funded by the U.S. Agency 
for International Development (USAID). ABSP sup- 
ports the use of biotechnology to develop crops with 
improved agronomic traits for developing countries, 
and in this case, collaborative research between MSU 
and the Agricultural Genetic Engineering Research 
Institute (AGERI) in Egypt. 

We report on field and storage studies to evaluate Bt 
potato lines for resistance to the potato tuberworm in 
Egypt under natural infestations. We also report on 
the agronomic performance of these lines in both 
Egypt and Michigan. 

Bt-ay5-NYL235- 4 lines were previously described in 
Douches et al. (1998). 

The Bt-mj5-Spunta transgenic lines are described in 
Li et al. (1999). The glandular trichome-based insect 
resistant line, NYL235-4 (Plaisted et al. 1992), was 
obtained from Cornell University. 

Seed tubers for the field studies were grown at the 
Michigan State University Lake City Experiment Stu- 
tion, Lxlce City, MI, the seed production site for the 
MSU Potato Breeding project. All seed was either one 
or two generations removed from disease-free tissue 
culture-derived greenhouse tubers. Field-grown seed 
tu~bers were shipped to Egypt in January for the winter 
field trials. Trials were planted in late January to late 
February and harvested in June. The tirning of the 
field trials coincides with maximum potato tuberworm 
infestation in Egypt. Both insect control arid agro- 
nomic trials were cond~~cted concurrei~tly. 

From 1997 to 2001, field experiments were con- 
ducted at the International Potato Center (CIP) Re- 
searcli Station, Kafr El-Zyat, Egypt, andlor AGERI, 
Giza, Egypt, to evaluate resistance to tuberwor~n. The 
AGERI field trial in 1997 was ~u-tificially infested with 
potato tuberworms, and the trial was enclosed in row 
covers to maintain insect pressure. At ACERI, two 
potato tuberworm-infected tubers were placed in 
each row, whereas at Kafr El-Zyat, natural infestation 
of potato tubenvorm occurred. From 1997 to 2000, 
each trial had 10-plant (85.4 c111 spacing) one-row 
plots that were replicated four times using u ranclom- 
ized complete block design. A row of a nontr.ansgenic 
cultivar was planted between each plot. Normal ag- 
ronomic practices were followed, except that no in- 
secticides were applied. Row llilling wais clone before 
row closure by the potato vines. Flood irrigation was 
applied at least once per week up to vine senescence. 
At harvest, each tuber was visuaIIy examined for po- 
tato tuberworn1 damage, and the percent t ubc~s  free 
from tuberworm damage ancl larvae were recordecl. In 
2001, plots were eight rows of 20 plants each wit11 row 
of a susceptible cultivar between each plot. The plots 
were replicated three times using a randorliized co113- 
plete block design. 

From 1999 to 2001, after harvest ;ulcl evi~luation of 
the agronomic trials in June, storage evnluation of 
potato tuberworm control was clone at the CIP Re- 
search Station. In 1999 a11cil2000, at leust 100 undam- 
aged tubers from each line from the CIP field trials 
were placed in a1  traditional, above ground, rlonrefrig- 
erated potato storage building (Nawalla) , which will 
store potatoes up to 3 mo before kill planting or mar- 
lzeting. In 2001, three replications of 100 tuber samples 
were placed in the Nawalla after harvest. The tubers 
were examined for tubelworn1 clamage rrloothly for 3 
mo. 

Materials and Methods Agronomic field trials were conducted at the Mont- 
calm Research Farm, Entrican, MI, from 1997 to 2001, 

The Bt-cry5 gene constructs used to produce these to measure total and marketable yields, tuber size 
lines are described in Table 1. All Bt-mj5 and Bt- distribution, and specific gravity, and to evaluate tuber 
crylAcl transgenic potato lines were developed at appearance and incidence of external ancl internal 
Michigan State University. Table 1 lists the potato lines defects. Trials were planted in May, arrilnged in a 
evaluated in these trials. All Bt-ay5-Lemhi Russet and randomized complete block design with four replica- 
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'ruble 1 ,  I'otnlo lines tib~tt'd in potc~to tnberwor~a and ngronon~ie field trials alld their Bt-gene constructs 

potato line Construct ~iarnc ConstructN Parent clone 

n1607  Nolie-NT" None-NT N A" 
&BT- 1 1 pWBl30Bt CaMV35SI~7-1llAcl FL1607 
nBT-35 pWR139Bt CaMV3fjSl crylAol 

Nol~r-NT 
EL1607 

NYL335--1 None-NT N A 
NYL?35-~l.l:3 PSP~DII CahfV35Slcry,5Igzls NYL.235-4 
' L ~ I ~ I I I ~  Russtkt' Nont*-N'I' None-NT N A 

LHBT-1 pSPUD1P CahlV35Slctr~51gtrs 'Lendxi Russet' 
LRBT-7 pSPtJIIl2 C~iMV3~Slcnj51gts 'Lemhi Russet' 
LIIBT- 1 :! pS13UD11 CaMV35Slnyt5/gi 1s 'Lernhi Russet' 
LRBT- 1-4 pSPUD12 CuMV35SlcrySlg11~ 'Lemhi Russet' 
LRBT- I5 pSI'LJD12 C(iM'C73SSlcry5/g~rs 'Lemhi Russet' 
LRBT-I1 pSI'UD12 C~~A~V35Slct~/~5lgtr.~ 'Lemhi Russet' 
~1x13~-22 pSIJIJD12 CaAiV35Slct-!~5/gzrs 'Lemhi Russet' 

'Atlantic' Nolltl-NT None-NT N A 
ATBT- 1 1)SX)I1111:! CnMV35Slcr-ySIgus 'Atlantic' 
A'SI3T-2 pSPITI31" C~M\'3'35Slcnj5/gris 'Atlantic' 
ATI3T-3 pSIWUD12 C(~hlV35Slcrt~51gt~s 'Atlantic' 
ATBT-.I pSPIJUD12 C(iMV3t5Slc~/5/gzl,s 'Atlantic' 
ATBT-5 pSPUDI2 C~ihlV35Slny5lgir.s 'Atlantic' 
A'TBT-ti pSPUD1I C(1MV3,5Slcr11Slgzrs 'Atlantic' 
ATBT-7 pSI'Ll 1)lI C0hl'l735SlctySlg~l,~ 'Atlantic' 
ATBT-8 pSPUI312 CaMV35S/a~/S/gus 'Atlantic' 
ATBT-$1 pSIJt11>12 C~hlV35S/cr~/S/gtrs 'Atlantic' 

'Spuntii NOIN.-NT None-NT NA 
S ~ I ~ I I I ~ ~ L - I ' ~  pSPUIlI Class I P(~tatinIcr~/Slgirs 'Spunta' 
Spt~t~ta-l~(i  pSISIJD:! Class I Pntatit~lo!/Slgu.s 'Spunta' 
Spul~t:l-(:I pSPl1D5 C(zMV35Slcq15 'Spun ta' 
Spunla-C;:l pSIYJD5 Cr~h1\735Slcr!/5 'Spunta' 
SDLIII~~I-C:~~ pSPUIl5 CnMV35Sl~r!/Slgl1~ 'Spunta' 
Sptnltil-Sl pSI9TDl oc:s3inasl~r-y5Ijirls 'Spunta' 
S ~ L I I I ~ ~ I - S ~ ~  pSX'UI>l olginaslcrp5lgus 'Spunta' 
Spn~~ta-(j;~:< pSI'lll)(i Cahf\735S/n-~!? 1 CWdV3SS I P IT 'Spunta' 

'Nicolu' Nor~r-NT None-NT N A 
'Dianlal~t' Nouc.-NT None-NT N A 

" Tla~rsgo~~c. ca~istrrtct illf'Or~l~ilti(l~~: C:uhl\'3iiS: :ES Cuuliflower Mosaic Virus promoter; ocs31~z~:  trimes octopine synthase and mannopine 
activator allrl pro~notc~r: C:l~.sv I l'tttlltiit. t~ i l~e r - s~ i~c i f i c  IISOIIIO~CT: ~ + r ! ~ l A e l  :111d cry5 Bt-o-glAcl and Bt-cmj5 are lepidopteran and coleopteran- 
specific inscctic~itlal cry\tirl psott*i~~ ~r;crlt~r; PI'Y. conftwi resistance to potato virus Y; gzls: /3 gnlnctztroraidase reporter gene. 

I' Nonr-N'I': No gt*r\ch co~~strur.t, non1ranslr;c~nic potato line. 
" NA: ntrt applica\d(*. 

tions, umcX harvtsstcld in S e p t e ~ n l ~ t ~ .  The plots were 7 rn 
long with 3 2  C*IH spacing 1,ct~leerl ~laii ts  in-row; be- 
tween-row sptieing was X l i  crrl. Norltial agrorlomic 
practicc.~ wtarc-, Followed, iultl stipplesnental irrigation 
was iipplic"c1 us rlc~~clecl, Irllidacloprid (Bayer, Kansas 
City, M O )  was t~pplird at the starltltird rates at planting 
to carltrol Colorndo pottito bectle (L(apiinotm-su do- 
clr1711ir1('(1iu S t ~ y )  alxd upliicls. The soil type at the Mont- 
calxn Rcscurcll Ftlrtrl is I\. McBride saildy loam. 

All tlata froxrl Egypt field c.xpc.rimerrts, the Egypt 
Nawalla stoxbagt~ trial, :irltl the Michigan agronomic 
perforx~luncc trials wcbrc anillyzccl lny analysis of vari- 
ance (ANOVA) as u sa~~damized complete block de- 
sign ~xsitlg SAS gc~rie~ral linear rr~oclels procedure (SAS 
Institute 2 O ) .  All pchrccnt t~~\)erworxr~-free tuber data 
were arcsine trurrsfonned l~efnre statistical ~analysis. 
Mean comparisons were tlotle using Fisher least sig- 
nificant difference (LSD; nr = 0.05) for agronomic 
trials and Dunnct's tpst (a = 0.05) for insect control 
trials. 

Results 

Potato Tuberworm Field Trials. From 1997 to 2000 
at the AGERI, Egypt location, only the 1999 results 

sliowed differences in potato tubenvorm tuber dam- 
age between the Bt-transgenic lines and the nontrans- 
genic clones. In 1997, the tuber damage level was high, 
and only 8 and 2% of the 'Atlantic' and 'Lemhi Russet' 
tubers, respectively, were free of potato tubenvorms. 
Some of the Bt-transgenic lines had less damage, but 
none were even 40% potato tuberworm-free. In 1999, 
the infestation levels were much lower than 1997, but 
differences were observed between some Bt-cry5 
lines. Of the 14 lines tested, ATBT-3, Spunta-G3, and 
Spunta-S1 were free of potato tubenvorm mining. In 
the 2000 trial, no significant differences for percent 
tuberworm-free tubers was observed. 

In 1998, at the CLP in Egypt, potato tuberworm 
infestation was very low, and no differences were 
observed between lines (data not shown). Tuber- 
worm damage was high enough in 1999 to separate 
many of Bt-cry5 transgenic lines from the susceptible 
checlc clones. Both 'Atlantic' and 'Spunta' had similar 
percentages of tuberworm-free tubers (Table 2).  
Many of the Bt-my6Spunta lines were significantly 
less damaged than 'Spunta'. Spunta-G2, Spunta-G3, 
Spunta-S1, and Spunta-S4 were free of potato tuber- 
worm mining, while Spunta-P2 was 96% potato tuber- 
worm-free. NYL235- 4.13, aline that combines Bt-cry5 
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Table 2. Potato tuberworm field trial results f~-om the International Potato Center (CIP) in Kafr-El-Znyat, Egypt 

1999 2000 2001 
Potato line % Potato Total no. % Potato Total no. % Potato Total no. 

tuberworm-free tubers tubeworm-free tubers tubenvorrn-frrr tubers 
-- 

'Atlantic' 
ATBT-2 
ATBT-3 
ATBT-4 
ATBT-5 
ATBT-6 
ATBT-8 

'Diamant' 
NYL235-4 
NYL235-4.13 

'Spunta' 
Spunta-Ga3 
Spunta-G2 
Spunta-(33 
Spunta-G4 
Spunta-P2 
Spunta-PG 
Spunta-S1 
S~unta-S4 

" Means within year are significantly different from corresponding nontransforrned variety as deterniilred by Ilu~lnc~tt's Tt~st iit CK = 0.05. 

expression with glandular trichomes, was also free of 
potato tubenvorm tuber damage. 

In 2000, less potato tuberworm infestation was ob- 
served than 1999, However, significant differences in 
percent tuberworm-free tubers were obseived over- 
all, and 'Spunta' had 87% potato tubenvorm-free tu- 
bers. Similar to 1999, the Bt-cryS-Spunta lines, Spunta- 
G2, Spunta-G3, Spunta-S1, Spunta-$4, and Spunta-6a3 
were free of potato tubenvorm mining (Table 2). The 
only Bt-mjS-line that was not better than 'Spunta' was 
Spunta-P6, similar to the results in 1999. In 2002, all 
three Bt-mj5 lines were free of potato tuberworm 
damage, despite 'Spunta' having only 71% potato tu- 
berworm-free tubers (Table 2). 

In the 1999 storage evaluation, the Bt-cryS-Spunta 
lines, Spunta 6a-3, Spunta-G2, and Spunta-G3 were 
effective in reducing potato tubenvorm mining over a 
3-mo storage period (data not shown). In 2001, after 
44 d of storage, only 19% of the 'Spunta' tubers were 
free of potato tuberworm damage, whereas the three 
Bt-a.ly5-Spunta lines were greater than or equal to 96% 
clean (Table 3). By the second evaluation (74 d),  all 
'Spunta' tubers were damaged by the potato tuber- 
worm, while the three Bt-my$-Spunta lines were 

Table 3. Cunlulntive percent of tuberworm rlnmage-free Bt- 
cry5 potato tubers in Nawalla storage over 3-mo period at tlie 
International Potato Center (CZP), Kafr El Znyat, Egypt 

Date 
Potato line 1G July 15 August 15 September 

2001 2001 2001 

Spunta-G2 99 a 98 a 
Spunta-G3 98 a 94b 
Spunta-6a3 96 a 92 b 
'Spunta' 19b  Oc 

Means within sampling date with the same letter are not signifi- 
cantly different as determined by Fisher's LSD at a = 0.05. 

Tubers were placed in storage 2 June 2001. 

greater than or equal to 92% clerzn. Of the three Bt- 
cry5-Spunta lines, Spunta-G2 was the leixst danlaged 
by mining after the second and third evtxluations (73 
and 105 d)  of storage (Table 3 ) .  

Agroxionlic Trials. In the 1997 ugronoxnic trials in 
Michigan, all Bt-transgenic lines had sirnilnr emer- 
gence, vine vigor, vine maturity, tuber size distsibu- 
tion, and internal and external defects corrrpared with 
the nontr:xnsformed lines (data not showrl) . However, 
of the six Bt-cnjt5 Atlantic lines, ATBT-2, ATBT-8, and 
ATBT-9 were significantly lower in U.S. # 1 yield than 
'Atlantic', while ATBT-9 was also lowc~r in total yield 
(Table 4). There were no differences I~etwt~en FL16307 
and the two Bt-cq1-FLl607 lines uncl no clifferences 
between 'Lemhi Russet' and the seven 131-(~1/~5 Lernhi 
Russet lines. 

In 1998, the six Bt-cryS-trt~nsgcnic 1irlcbs of 'Atlantic' 
and seven 'Lemhi Russet' lines were equivalent or 
better for total or U.S.#l yielil ant1 spricific gravity to 
the respective nontransforrned cultivur. Arl at'lvullcctd 
selection from Cornell University that has type A glan- 
dular trichomes (NYL235-4) was tllso cviiluatecl. Ag- 
ronomic performance of NYL235-+i was similar to 
'Atlantic', 'Lemhi Russet', and 'Spunta'. 

In 1999, six Bt-oy5-Atlantic lines wt2rr coxnpared 
with 'Atlantic'. No differences were observed. The 
yields in 2000 were the highest obsex-ved over the 5-yr 
period (Table 4). In 2000, seven Bt-ay5-tra~lsgenic 
lines of 'Atlaxltic', seven of 'Sputlta" ~utrd one of 
NYL235-4 were compared with their rrontransformed 
cultivar. Only ATBT-3 had a lower yield, but 110 dif- 
ference for specific gravity was observed (Table 1). 
Two Bt-mjfj-Spunta lines (Spunta-S4 ancl P1) were 
lower in yield, and Spunta-S4 hucl a lower specific 
gravity. No differences were observed between the 
three Bt-q5-Spunta lines and 'Spurlta' in 2001. 

In 1998 and 1999, at the CIP Egypt location, in 
general, the yields were less than one-half of the yields 
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11617 1 998 1999 2000 2001 
Ylt~ltl 

I+I~,IIO 1i11t.  
Yit~lt l  Yield Yield Yield - I I * ~ ~ ' c l f i ~  1 1  I ,  S ~ ~ e i f i ~  (l,,~/hil) Specific (mt,l,,a) Specific (mt/hn) Specific 

g1 .\\ lt\ 
l'Sn"r*l" 'Iitt.rl gr,n it? 

YS*l Total US#1 Total gravity US#1 Total gravity gravity -- US#l Total 
Athultic 0 . 1  1 .  2 . 1  7 .  1 . 7  33.0 4 2 .  1.090 47.0 51.1 1,090 - - 

ATB'S- I - - - - - 42.5 48.7 1.091 - - - 
nrrH'I'-2 21 1 2 2 I 0%) 1 . 7  47. Z l.OR0 30.6 38.4 1.067 43.5 49.3 1.090 - - - 
A'I''$'r-:\ 2 i o 1  1 . I L H I  7 .  1 0  31.5 39.5 1.087 35.9 40.8 1.086 - - - 
ATR'I'-.i 21 s 27 I 0 %  ,bi 7 3 0 7  31.9 38.5 1.089 50.2 57.0 1.091 - - - 
ATH'I'-5 - - - - 50.8 57.8 1.089 - - - 
AfrWr-(i .).! i 2 1 $ 7  5 10.1 1.077 33.1 40.7 1.088 41.5 47.0 1,091 - - - 
ATH'I'-H 20.1 1 lo91 '11.0 7 1.078 31.8 39.6 1.088 36.5 41.2 1.087 - - - 
A'SlYr-!I 2 " llx I ."!).(I :3!L2 1 7  27.2 31.7 1.088 - - - - - - 

FLl(iO7 1') 3 2 2 0  1 091 - -.- - - - - - - - - - - 
FLlrr- 1 1 5 \ ,"hT X Ow - - - - - - - - - - - - 
kT413'r-:!4) 150 2 1 o(l1 - - - - - - - - - - - 

1{11\ua1 I .'V) 1 074 1 41.0 1.071 - - - - - - - - - 
I~IIISI*- i 10 o 2 5 I oco I .  :x3.5 7 - - - - - - - - - 
~ ~ i ~ r r - 7  21 o 31 \ I o+o z!)..) , 1.075 - - - - - - - - - 
141\lYi'= I 2 I ( \  0 ' I  1 0%) 3 . 5  :6.fi 1.072 - - - - - - - - - 
IJtM"-I L 2 I 9 1 1 0 %  ! I  -11 .:3 1 . 0  - - - - - - - - - 
LI{IrI'- 15 1 t 1  in 2 1 1 0 2 . 3  0 1.075 - - - - - - - - - 
~,1~11'1'=2 l l T , t )  2 i i 1 7 %  1!1.1 "0.5 1.073 - - - - - - - - - 
1,RIYI'-32 1 3 l l  1 07% 22 5 1 . 3  1.070 - - - - - - - - - 

NYIAL? ~1 '5 " - , 31 1)  1 0 I ' 2 ! J  ,??,(i 1.070 - - - Gl.1 67.7 1.084 - - - 
N)72X'L i 1 1 - - - - - 54.0 62.6 1.064 - - - 

Spi111t~1 - - - - - - 51.4 60.5 1.065 39.4 50.0 1.058 
S ~ I I I I ~ , I ~ I . I  -- - - - - 62.1 71.9 1.062 41.5 51.5 1.056 
Spt1ut,14 2, - - - - 54.2, 62.7 1.063 42.2 52.7 1.059 
S~tlllt,l-(:'l .- - - - - - 47.9 58.2 1.062 47.8 59.4 1.058 
Sp11irt.1-( ; 1 - - - - - - 53.3 60.6 1.062 - - - 
S~ll1l1t~-I'l - - - - - 40.5 49.9 1.061 - - - 
S ~ ~ \ ~ ~ l t " l ~ I ' ~ ~  - - - - - 48.0 59.9 1.063 - - - 
Spu~lt.r"S.l - - - - - - 36.5 45.3 1.056 - - - 
la'iLI,14,-A 1 ' 1  $ I t  ( I (M)1 ! 1.8 O H  1.5 4.5 0.003 10.3 10.4 0.005 NS NS NS 

tit t h t b  SXic*lligltt~ firaltl triids ('l'alrlta 5). A'I'B'r-(i was the 
o111y R~-t*t*!/$-AtIit~\tit~ l i ~ i c *  c\?itli signifieiultly lower 
yicltf tlltiri 'Atlal~ tir.', uglrckscus tiso Ht-t.~-!~S-lxi~lhi Rus- 
set li~itbs tl;~X 1 o t v t ~  tt)t;d ! . i t k l c l  t f l i ~ l i  'Idc~rrrlti R~rsset" In 
thc .lS19!) ugsotxor~lit* tsial iit (:112, tl~ty*icltls were below 
U.S. ~ iv~~s ; i g~~s :  1 low-( b ~ o r ,  t lltdI31-r't*!j,5-Atlii11 tiC ~ I c ~ s  per- 
fornitid n.rrr~il,;u.:~'f,lj tvitli tllrkir ~lnxltl.arlsgc~rlic cbultivar. 
Spuntu-C.1 l i ~ i c *  ~viis 'Ililr;flc*r. !'ic:lclilrg iirlif Sprxnta-S4 was 
lowcis yir~ltlil lg tliiit) 'Spul~tn'. 

The oi>jihcti~t* of tllt~sc, f i c ~ l a l  tri:ds was to examine 
agronorriic pc*t.li)t.rlia~rw a t i c l  f i t b l d  alrd storngcA resis- 
ti~nce* to potato t\r't,t'rwor'nl anlong 26 Bt-transgenic 
pottito lilrkt*s ovilr. ii Tj-yr pcritrtl. Six diSferc%ilt Bt con- 
strr~cts \v\.tsrth c~ ~tlti;tttlrl tllat, wtSsf* t;nmsfc>rmcc'i into five 
diffisrca~lt pt~ti t t~> li,t(*si c~t~ltiviirs ( E ~ b l c s  1). The first 
field t ~ s t  of gc*~ithtic*ally cwgislcc~rrtl potatoes in Egypt 
ocCurrt~ct iri Juri\li\ry l!)!); ;it A(;ERI tifter the estab- 
lishnrt~rlt of ISgyptiarl Ijiosz~ftfjlty cc~gulations, 

Potato t t d ~ e w o r ~ n  trLials wtbrta pliir~t~cl at two 10~2- 
tiom  TI Egypt. orit' at AGEHI and tlrr other at CIP. The 
AGERI locatioll is t~tltsitle the pottito l>rocluction re- 
gion. In IM7, tllrb fit4~1 trial was artificially infested 
with potato ttll,t~rs,vonl~s, n11ci tlitx trial was erlclosed in 
row C ' O V ~ ~ P S  to ~l~it i~lt ;~il l  itlsr*et prexssure. This enclosure 

of the trial led to severe potato tuberworm damage in 
some plots (Table 2) and considerable heat stress in 
the later stages of the trial. In the following years, the 
row coveiing was discontinued. The AGERI trials 
were still artificially infested, but the tuberworm dam- 
age was much lower, with 1999 being the only year 
differences between the Bt-mj5-transgenic lines and 
the nontransgenic check clones were observed. Trials 
at AGERI were discontinued after the 2000 trial. 

The CIP location was added in 1998 for both potato 
tuberworm and agronomic field trials. This location is 
within the Nile delta region where potato production 
is centered in Egypt, Natural tuberworm infestations 
occur each spring season (Ali 1993). In 1998, like the 
AGERI trial, no differences were observed between 
the lines in the trial (data not shown). The mediocre 
level of resistance of the Bt-mj5 lines ('Atlantic' and 
'Lemlii Russet' lines expressing the pSPUD12 con- 
struct) may have also contributed to the lack of dif- 
ferences in 1998. The 1999-2001 trials at CIP all 
showed differences between some of the Bt-cry5 lines 
and 'Spunta' (Table 2). 

The low level of potato tuberworm-damaged Bt- 
WZJS tubers in field and storage assays parallel labora- 
tory tuber bioassays results of Douches et al. (1998), 
Li et al. (1999), and Mohammed et al. (2000). The high 
expression of the Bt in the Bt-cy5-Spunta lines may 
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Table 5. Agro1lomic performance trials at the International 
Potato Center (CIP) field station, ICafi. El Zayat, Egypt 

1998 1999 

Potato line Yield (mtl ha) Yield (mtl ha) 
US# 1" Total US#1 Total 

- 

'Atlantic' 
ATBT-2 
ATBT-3 
ATBT-4 
ATBT-6 
ATBT-8 
ATBT-9 

'Lemhi Russet' 
LRBT-12 
LRBT-14 
LRBT-21 
LRBT-22 
NYL235-4 

'Spunta' 
Spunta-G2 
Spunta-G3 
Spunta-G4 
Spunta-S4 
LSD~.05 

a US#l: tubers, 241.3 mm; 2113 g, excluding tubers with unmir- 
ketal.de defects. 

have also made it easy to discriminate between sus- 
ceptible and resistant lines compared with 'Atlantic', 
where Bt levels were lower. For example, in the 1999 
trial, none of the five Bt-cq5-Atlantic lines were sig- 
nificantly different in potato tuberworm damage from 
'Spunta', whereas most of the Bt-cq5-Spunta lines 
were different. In both the 1999 and 2000 trials, 
NYL235-4.13, the line that combines Bt-cnj5 expres- 
sion and type A glandular trichomes, was also-very 
resistant topotato tuberworm mining of the tubers. 
This observation was surprising because the Bt-crv5 
expression level is similar to the Bt-ayS-Atlantic lines, 
and the glandular trichome-based resistance is only 
found in the foliage. J. Kalazich (personal communi- 
cation) observed partial resistance to the potato tu- 
benvorm in Chile using similar germplasm. These ob- 
servations may suggest that the NYL235-4 may have 
additional insect resistance factors besides type A 
glandular trichomes. 

Agronomic trials in Michigan and Egypt showed 
that many of the Bt-cry5 transgenic lines perform sim- 
ilarly to their nontransformed cultivar (Tables 4 and 
5). Dale and McPartlan (1992) reported evidence of 
somaclonal variation of transgenic potatoes expressing 
gus and ~zptIIgene constructs. They also proposed that 
the gzls expression may be influencing the plant per- 
formance. Some of our Bt-OTJS transgenic lines did 
have low levels of gus expression, but agronomic per- 
formance was not compromised. Conner et al. (1994) 
suggested that p l ~ e n o t ~ ~ i c  changes in transgenic po; 
tatoes also might result from a combination of soma- 
clonal variation and insertional mutagenesis from the 
random integration of the gene construct. Felcher et 
al. (2003) reported many off-type transgenic liries 
when potato cultivars were transformed with a con- 
stitutively expressed glucose oxidase gene. The Bt- 

transgenic lines chosen for our trials were pre- 
viously tested against tuberwonns in the laboratory 
using detached leaf tests (Westedt et al. 1998, Li et al. 
1999) and were selected based on ilgrollomic perfor- 
mance in preliminary field trials (data not shown); 
therefore, the comparable agrononiic perforninnce of 
these lines was not unexpected. Other field tests of 
B c - c I - ~ ~ A  transgenic lines in Michigan have been able 
to identify transgenic lines with agronomic perfor- 
mance similar to the nontransformed line (D. S, 
Douches and J. Coombs, unpublished data). 

Expression of the Bt-cr!/5 gene ill the potato tuber 
and foliage will provide seed producers arid growers a 
tool to reduce potato tuberworiil dninage to the tuber 
crop in the field and storage. The addition of host plant 
resistance to an integrated pest munt~geti~ent (IPM) 
program to manage potato tuberworrns will result in 
less pesticide use in the field and ill storugc-.. Benefits 
will be lower potential pesticide residues in and 011 

tubers, potentially improved environmentd rluality 
and farm worker safety, increased yiclcl, cluulity ;uld 
storability of the tubers, and inCreasctl Egypti~ui seed 
production, which reduces need for forchig~i cSurrency. 

R. A. El-Bedewy, Interniitiorial Potato Ct*r~tchr. kilidly sup- 
plied research suppo~.t ill Ki~fr El-Ziiyat, Egypt. This pul3li- 
cation was rnnde possible throug11 s1111port 1)rovidt'cl 1))' tlltk 
Office of USAIDI CAIRO1 ACRI A. 1111t1t~r C:ooper:itivt. 
Agreement: No. 263-0158 A-00-303ii-00. l'litl rtbsc~iu-c.11 \vas nlso 
supported by the Michigiul Ag~.ir.lilturt~ E s p t ~ r i ~ ~ i ~ n t  Station. 
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