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Chapter 9

North American Crop Wild Relatives

of Temperate Berries (Fragaria L., Ribes
L., Rubus L., and Vaccinium L.)

Kim E. Hummer, Karen A. Williams, and Jill M. Bushakra

Abstract The crop wild relatives of temperate berry species abound on the North
American continent, where more than 180 species are endemic. The development
and production of berry crops, such as strawberries (Fragaria L.), currants and
gooseberries (Ribes L.), raspberries and blackberries (Rubus L.), and blueberries
and cranberries (Vaccinium L.), have global economic importance. The cultivated
crops derived from these species have a total global annual farm gate value of
roughly USD $3.7 billion, with production on the rise. Global strawberry produc-
tion is more than twice the combined production of other temperate berry crops.
Berries are highly nutritious and positively impact consumer health and vitality.
Significant North American genetic resources have contributed to the development
and cultivation of these globally produced and consumed crops.

Keywords Germplasm - Genetic resources - Small fruit - Soft fruit - Fragaria -
Ribes - Rubus - Vaccinium - Strawberries - Currants - Gooseberries - Raspberries -
Blackberries - Blueberries - Cranberries

9.1 Introduction

The North American landscape is rich with endemic species that are crop wild
relatives (CWR) of the berry crops of Fragaria, Ribes, Rubus, and Vaccinium.
Compared to grain crops that have been cultivated for millennia, temperate berry
crops are much younger; selection, development, and domestication of the berries
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began between 100 and 750 years ago, depending on the crop. More than 180
species are endemic to North America (Table 9.1). The primary, secondary, and
tertiary gene pools of the berry species were delineated by Wiersema and Ledn
(2016) and are presented (Table 9.1). Maps of the geographic distribution of the
North American berry taxa are provided.

9.2 Strawberries (Fragaria L.)

9.2.1 Origin and Brief History of Use

The genus Fragaria is a member of the rose family (Rosaceae) and includes 22
species worldwide (Liston et al. 2014), although some subspecific designations
remain unresolved at the molecular level (Hokanson et al. 2006). The cultivated
strawberry of present-day commerce, Fragaria X ananassa, has a North and
South American origin and is recent for a globally cultivated economically impor-
tant crop. Its hybrid origin is specifically documented between 1714 and 1759
(Staudt 1962). Antoine Duchesne (1766) was first to observe the accidental hybrid
and name this species. The mother of the large-fruited strawberry was a white-
fruited South American landrace of F. chiloensis (L.) Mill. subsp. chiloensis f.
chiloensis, and the pollen parent was the small, red-fruited North American F.
virginiana Mill. subsp. virginiana. The original pollen parent was likely brought
to France from the St. Lawrence River Basin, either from Quebec or Nova Scotia,
Canada, by either Samuel Champlain or Louis Hébert in the early 1600s
(Desjardins, personal communication, 2016). Thus, it had been “waiting” in
Europe for over 100 years before the arrival of the South American landrace.
Both of these American strawberry species and the resulting accidental hybrid
offspring are octoploid.

9.2.2 Modern-Day Use and Agricultural Importance

In 2014, about 8,114,373 MT of strawberries were produced in about 78 countries
(UNFAO 2017). In 2014, the US strawberry crop of about 1.36 billion MT was
valued at $2.9 billion, with the fresh market value comprising about 81% (value
$2.6 billion) and the remainder (value $241.8 million) used for processing (USDA-
NASS 2015). California leads the USA in strawberry production with about 68% of
the acreage, followed by Florida (USDA-NASS 2015). However, because strawber-
ries are highly perishable, they are grown widely throughout the USA. Strawberries
rank as the fifth most popular fresh market fruit in the USA, with per capita con-
sumption increasing steadily to 3 kg per year in 2010 (USDA-ERS 2010). The USA
is followed by the other major producing countries of Spain, Turkey, Mexico,
Egypt, Russian Federation, Japan, Republic of Korea, and Poland (UNFAO 2017).



285

9 North American Crop Wild Relatives of Temperate Berries (Fragaria L., Ribes...

(panunuoo)

€ ! € € [4 [[PMOH wn1jofia0p $2q1y 18291y

91 I 91 T/69°CY IPNRIS HISANYSULIG X DIDSEDL] | ] DMDSDA]

1T 9 8¢S 1 8 p1jofiaund -dsqnsoyiou I91Z0Y X USAYIN( PSSDUDUD X DIIDSDL] 1 DLDEDLY

1 1 9 psspupup *dsqnsoylou IANZ0Y X USAYIN( DSSDUDUD X DIUDIDL] ] PLDEDLY

TSST T 18L GLS 1 8 (PIBANND) IAIZOY X USAYIN( DSSDUDUD X DIIDSDA] 1 DDA

8¢S 79 I 8 puninSaia ~dsqns [N PUDIUISIIA DIIDSDL] ] DLUDSDA]

(34 9 97 1 I pnels ("qpAY) pprad ppd ~dsqns A PUDIUISAIA DIIDSDLY " DLDSDA]

0S 0S 1 8 IpnelS (AeD [ X "W[IA) pundn.s dsqns [N pPupiu1d.a1a DIDIDA] ] DLDSDA]

S 9¢ I 8 Jpne)s (UosIep *S) ponppd ~dsqns "[[IN PUDIUISLIA DIIDIDA] ] DDV

9LE 8¢ 981 9T I 8 TIUAL PUDIULSAIA DLDSDL] I PLDSDL]

0l S 11 ¢ 4 jpnels ([PIYOS 29 “WeyD) panuiofiipd “dsqns T pISaa DIUDSDLY ] DLDSDAL]

8¢S 1 4 ¢ 4 JpnelS (I9[[OH V) PID21oVAq "} * DISIA DIUDSDA] ] DDA

S ST € C IpneIS (193104) pupdLiawp dsqns T Isaa PLIDSVLY 1 DLDSEDLY

8¢S SL ¢ 4 IpneIS (B[[oH V) PIva1onaq “dsqns T pIsaa DLDIDA] 1 PLDSEDLY

(pnerg

1 € T | (IO[IPH V) PIw2191.4q *J DIS2A DLIDSDL]=) "TPIYDS DUDIIXUL DIADIDA] 1 DLDEDLY

T C 1 8 Ipnels (-oudd(q) S1SUIIMpups “dsqns T SISU20]1YD DIIDIDA] ] DDSDA]

Ge 8¢ I 8 ypne)s voifiovd ~dsqns T[N (") SISU20]1Yd DIIDSDA] ] DDA

0C 9C I 8 | pners (Ken xo “wifip "H) vpion] dsqns A (1) SISUI0YD DIIDSDL] 1 PLDSDL]

9/C €8T 1 g | Ipneis vorodvivd *y sisuaojryd dsqns [[UA () S1SU2071Yd DLIDEDLY " PLDEDLY

€T 7 I 8 s15U2071YD *§ S1su20]1y> “dsqns “[[IA (") SISU0J1YD DLIDSDL] 1 PLUDSEDLY

691 (94 68 81 I 8 TN (1) S1su2011yd DLDSDL] 1 PLDEDL]

€¢ T s T 01 JOWWNY g Y SISUIPDISDI DIIDEDL] 1 PLDEDLY

pSASANAD | -IDDF ur| q(epeue)) | .SOINur| [ood | — Aproid UOXe], snuapy
Ul | SUOISSAIJR | D)YDJ Ul | SUOISSIIIL | dUID)

SUOISSIOR JO | SUOISSAdIR | JO JqUINN
Joroquny | Joquiny | JO JIOqUINN

soAnje[ar prim doxo £110q 9jerodue) Jo UOTIBAIOSUOD NIIS Xd puk eXe], T°6 AqBL



K. E. Hummer et al.

286

0¢ 0¢ L € [4 ToneID) wnsopnpun]s saqry T189q1]

6l 4 14 € 4 812qIo] 29 9[[IA0D) UndirI0.411S2 2GRy 18991y

€ 8 € € [4 IopYSY (SIIIA0D) win]jouly2a saq1y 18291y

L €S ! 1 [4 9 SE[SNOQ wipILIDAIP S2qIY 18291y

9 33 € [4 ¥ ‘lled wnyupovip §aq1y 18291y

€l [43 L I C T upqsould saqiy 18291y

€ [4 € [4 [4 [[BUWS Wnpains saqf 18991y

(1opysy

¥ ¢ 1 C % (QUORID)) WINIUINLD “TA 112204 §Iq1Y=) QUAID) WINJUINLD SIQIY 1 saq1y

1 C 4 (ysing wimn.1oy1xo] $2q1y=) 9[[1A0D) ISUIPDLO]0D SIQLY 1 saq1y

4 4 ! C C PIIIA X2 ‘[duog 29 "quINg wninij1o saqiy 18291y

I I 4 z C OYINH T D WNULIGN]0D “TeA SB[3NO( WNa1ad saq1y 1 saq1y

¢ ¥ 1 C C WNa422 “TeA SR[SNO(] UNLID SIqIY 1 saq1y

(Wna.122 “TeA WNaL2d

! [4 T\ Seqiy=) UMY 1D (IPUrT) SUpLIGaul "TeA SE[SNO( UihaLa) saqRy 15291y

123 8¢C [43 [4 [4 Se[SNO( wnatad saqry 15291y

1 ¢ 1 4 4 ‘sdor (QIYOIB[DIIN) winiiadsay “TeA wndILIOfiInd Saq1yy 1 saq1y

S [4 [4 “UIY 29 "YOOH wnonLIofiind saqiy 185291y

0¢ 4 4 I [4 Se[SNO( wns02100.1q Sq1Y 15291y

€ I € I [4 I9[[oH 'V wmpuioulq saqiy 15291y

89 8Tl L 8 [4 8 ysing wnainy saq1y 15291y

4! 19 6 4 [4 "TIHN WnUDOLIGUD $2G1 T18oq1y

4 0l [4 € [4 QIUDIB[DON WNADUD §Iq1Y 15291y

[4 € [4 punyy aulffv saqry 15291y

pSASANAD | -[DDg ur| q(epeue)) | .SOIN ur| [ood |  Aproid uoxef, snuon
Ul | SUOISSAI0B | YD Ul | SUOISSIIOR | QUID)

SUOISSAI0R JO | SUOISSAOIR | JO JoqUINN
Joroquny | Joquiny | JO JoqUInN

(Ponunuod) 16 AqeL



287

9 North American Crop Wild Relatives of Temperate Berries (Fragaria L., Ribes...

(panunuoo)

4! 0l 0l [4 4 [089Y 1172204 52q1y 15291y
6 9 9 4 T QUORID) WINL0J22U1IND SIQIY 1 s2q1y
C S z 4 z QuoalD) wimn.1o1auid saqry 1 saq1y
1 1% 1 1 T nouut§ QO (‘[pury) wumsoias ~dsqns sap10oyunovdxo saqry 1 saqiy
S S 1 T ypouul§ J 'O (se[dnoQq) wnnsiii ~dsqns sap1oyjunovdxo saqryy 1 saq1y
S 14! € I [4 1 $2pLOYIUDPIVLXO SaqIY 18291y
[4 VL I [4 (DQ winsojjia "1eA wna.nv s2q1y=) "IPUSA\ "1 'H Wniniopo saqiy 18291y

¥ 4! 6 C 4 ‘[pury wimnaaiu saq1y 18291y
8 vl S T T SB0[[a3] asuapvasu saqiy 1 Soqiy

L1 01 8 [4 4 QIYIIB[DIN UNU2SHUOUL SIGIY 18291y

0¢ 91 Ll C [4 NN ISUILNOSSTUL S2G1Y 18291y
€ I € [4 [4 S[[IACD) WNLIZ|DISIUL S2q1Y 18291y
€ Sl € [4 [ ysing 11so12uaut saqryy 185291y
8 € ¢ C C WS wnaopajpul §aq1y 15291y

01 6 L C C Ke1n 'y 119qo] saqry 185291y
9 11 € [4 [4 KD "y wimyupida] saquy 15291y

I 91 8 [4 [4 ysmg wnioyfixn] saqry 1 8oq1y

1 ¢ C QUODLD) WNYIUDISD] SIq1Y 1 saq1y

939 [43 53 € [4 110d ('S19) 241512D] S2q1Y 15291y

(nouurs q *Q (se[Sno()
¢ 4 4 wnndrel ~dsqns sap10yupovLxo saqiyy=) se[3noq WnnsiLL saqy 1 saqy
1 4 4 ‘sdof (S[[1A0D)) 2sudiypuin]y “JeA "qQpAY 2uLIaul saq1y T saq1y

LT 0l 81 [4 C ‘qpAY dukiou saq1y 15291y
4 4! [4 [4 "MISBY Win1059pul Saqry 185291y

w S 12 1 C ‘Zoue[ (se[3noqQ) 24»jonad "TeA UOSPIBYITY WNUDIUOSPNY SIQIY 1 saq1y

09 € 6 I C UOSPIBYDTY nuniuospny §aqiy 15291y
4 81 C I C XUDIA winqjarry saqiy 15291y




M L L 1 e sno124p ~dsqns " sno124p Sngny 1 sngny
m ¢ 1 e 00, ("XYOIA) Sinede dsqns “J sno1240 sngnyy ] sngnyy
g e 1 z uratog g (‘wsg) snivgjais “dsqns T Sno12UD Sngny| 1 sngny
m 9 9 1 4 *SSIR D) $1011240]1218 *dSqNSOYIOU T SNI1IUD SNGNY 1 sngny
i 8 €€ I 4 I € 1 SnoN2UD SNy 1 snqmy
M C e 1 [3 4 (peonpoxnur) UOIMAN 'Y SUDIIPUDIOISUD SNGNY] 1 sngny
T 4 I 4 ¢ Koreq “H 1 smuwnp snqny 1 snqmy
Ly 6T 6€ I €T 12110 SISUIUIYSI]ID SNGNY 1 snqmy
¢ I T ¢ T ‘Ss10qey)) SnIN2JOUIPY SNGNY 1 sngny
(4 4 z z z TOY 1fjom saqry 18291y
€ 9 1 T ré QU0 WNUDIUOSIDM S2G1Y T saq1y
8t 8 LT z T USINg Wini1ssIS0ISIa Soqry 15291y
6 4 9 T 4 Ke1D v wnijofiuingia saqry 1 Saqry
8 4 4 z z SUIDLD) WnULIN|A SGLY 1 s2q1y
€z €T <1 I z [ed 215141 $2q1yY 15291y
I L I z z zuny (sdof) wnupLyovys saqry 18291y
S Ly z z z ysing winso1oads saqry 18291y
4 S e 1 4 wmaumM3ups “TeA Ysing wnaumnsuns saquy 1 saq1y
4 SI T 1 C uopno (‘uag) wumsounn)s "TeA ysing wnaumnsuns saquy| 1 saq1y
8¢ <8 6T I z ysing wnaumsups saqry 18291y
ol 4 6 (4 T “XUDTIN wniofipuniol saqry 15991y
9 1 9 4 C IOPYSY (QUAID)) WNJUINLD “TeA 11]220.4 S2Q1Y] 1 s2q1y
1 z Z z ‘sdor (auoa1n)) wnponup “IeA 112204 Saq1y R
pSASANAD | -[DDg ur| q(epeue)) | .SOIN ur| [ood |  Aproid uoxef, snuon

Ul | SUOISsadde YD ur | SuoIssadde | auan)

SUOISSAdJe JO | SuoIssadde | JO IaquInN
JO requinN oquny | Jo _quInN

288

(panunuood) 16 AqeL



289

9 North American Crop Wild Relatives of Temperate Berries (Fragaria L., Ribes...

(panunuoo)

Z 1 € 9 Kel1D) "y 1904001 SNGNY 1 sngny
I 1 z S1UL2POINI] “TeA KBID) "V 29 "LIO], X9 SB[SNO( SIULIDPOIND] SNGNY 1 sngnyy
1 1 z SNUIPADUIZG "TeA KBID) 'Y 2 "1I0], XO SB[SNO(] SIULI2POIND] SNGNY "1 sngmyy
9 0¢ 0S 1 4 KelD) "y 29 "LIO], X3 SB[SNO( SIULIDPOIND] SNGNY "1 sngmy
$1 I 01 ¢ T Ke1D) "y §12202018D] Sngny 1 sngny
11 9¢ 0l [4 ¥ (paonponur) "PIIIA STDIUIOD] SHNY 1 sngny
I 1 I ¢ % pIeuId] Snundpauudy sngny 1 sngqny
4! ¥C 001 ! 4 AYI0] ('XYIUA) SHSOSLUS “TeA 7] Snavpi snqny 1 sngny
+ I 4 SISUDPDUDD “TeA ] SNIDP1 SNGNY 1 sngny
i 621 I 4 Y00 ("XYOTN) snsoSrus “dsqns T snavpr sngmyy 1 snqny
Sl Cl I Tl 8% "1 snpidsiy snqny 1 sngny
ST ¥ ! ¢ 4 KeID) Y SISU2IDMDY SnGnyy 1 sngny
I 1 ¢ €T MO[aS1g snsopuoif snqnyy T snqmy
6°8
4! 61 Cl T LSy "IN SHD][23DY snqmy 1 8nqny
L 13 S € €°C O], snso1o112p snqny 1 8sngny
I 1 1 1 T ysing snijofiound sngny 1 sngny
8Y €T 6¢ 1 8 1 SMAOWIDUIDYD SNGNY 1 sngny
L1 14 Ll I [4 1 SISuappuUDd Snqny| 1 8sngny
T 4 ¢ ¢ % Y09 N Shup1U0LIDG SNGhY 1 sngny
I C i uontg snuvlaipg snqnyy 1 sngny
9T ¢ ST 1 ¥ (PONPOIIUT) SD0,] SHODIUIULID SNGIY 1 sngny
6¢ C 4 19)10( SISU21UY 2] Snqny] 1 sngny
I 1 0 "qpAY ("OURID)) SISUIUOZLID SNGNY 1 sngny
6 € L I v'€T NUI' SRSD SNy 1 sngny
1 I 4 STID]]2IS X SNO2UD SNGNY] 1 sngny
I 1 z S1IIDXDS X SNI1IUD SNGNY 1 sngny




K. E. Hummer et al.

290

S [4 4 19§ $nqojL snqny 1 snqny

1 1 ¢ T (poonponur) Uosiep\ DA\ SUUDI2IGNS SNGNY 1 sngny

8¢ LS 6 123 € [4 ysmg s171qvioads sngny 1 sngny

1 1 ¢ i ‘Youe[q SNS012S1IUIS SNGIY 1 sngny

1 ! ! C ¥ Koreq "H 1 Sipunt5ont snqny 1 sngny

I ¢ A ("1 suadas ppapqip=) suadais snqny| 1 snqmy

1 ¢ ¢ ‘Youe[g SUDAINIAL SNGIY 1 sngny

€ 4! 4 € ¥T Jey suaosaqnd snqny 1 sngny

1 ¢ ¥ (poonponur) (00, SNIVIUIULID SNGNY=) YN SNL2D04d SNGIY 1 snqmy

e 1 4 ¢ ¥ (poonponur) ‘[0)10g X02an.4d Snqny 1 sngny

1! 9¢ 4 1 C (paonponur) "WIXBIN S1ISD]021U20Yd SNQIY 1 sngny

4 S 1 ¢ ¥ 110g Snouvajisuad snqnyy 1 sngny

0C 6 14 € [4 ‘wg snyppad sngny 1 sngny

0S LT LE I [4 (paonponut) 7 smijofiaivd snqny 1 sngny

W 69 1 € ¢ z NN sndopfiaand sngnyy 1 snqmy

81 Sl Il € 4 1 SMIDAOPO SNqQIY 1 snqmy

09¢ 0¢ LTT 4 4 T SDIUIPIDIO SNQIY T snqnyy

9T 01 91 4 SYvT QUL Sn2A1U Sngny 1 sngny

4 4 C 4 9 se[3no(q sypaiu sngnyy 1 sngny

T ¢ 4 ¢ C KeID) Y SNUDIIXAUIOIU SNGNY 1 sngny

ST ST 1 4 Yoo $nda]3au sngny| 1 sngny

€ € 18 (paonpoxnur) snijofijput snqny 1 sngny

01 I ¢ ¢ C UQIOP[RD) 2 "PIZY SNUDIYSNDAIDUL SNGNY 1 snqny

pSASANHD | -IDDF Ul | (epeue)) | SOINUT| food |  Aproid UOXE], FLUETS)
Ul | SUOISSAI0B | YD Ul | SUOISSIIOR | QUID)

SUOISSAI0R JO | SUOISSAOIR | JO JoqUINN
Joroquny | Joquiny | JO JoqUInN

(Ponunuoo) 16 AqeL



291

9 North American Crop Wild Relatives of Temperate Berries (Fragaria L., Ribes...

(panunuoo)

Sl 9T 01 1 T XUOTIN $2P10]]134 W WnIu1ddODA | T Wniu1dImA
L €l [4 1 8 WRT SIUISAAU WNIUIIODA | ] WNIUIDIDA
18 0T 1L 1 4 "110], X9 SB[3NO(] UN2IDUDIQUIDUL WINTUIDIDA | ] WNIUIIIDA
991 0L I 14! 1 T UOITY UOAADIOLIDUL WNIUIDIDA | ] WNIUIDIDA
S € 1 € 14 QU T, NIy WNIUIOODA | ] WNIUIDIDA
9T L1 1 C ! C UOINY WNIDISHf WNIUIDIDA | T WNIUIDIDA
1 I € I 14 SMAIPUY WNSOULIOf WNIUIDIDA | ] WNIUIIIDA
9 9 L € T XUOTA UNdADI04yI 12 WNIUIOIDA | T WNIUIDIDA
14 4! C 1 C ‘wdey) 111101]]2 WNIUIOVA | ] WNIUIDIDA
Cl 8 11 T 14 1od1g wmsord12p winu1ddn | ] WNIUIIDA
€8 6 4% I 4 dwe) nmorivp wnuomA | ] wnaudmp
14 0l 14 € C SMAIPUY WNIJOfISSDAD WNIUIDIDA | ] WNIUIIIDA
144 eel 81 06C 1 99T T wnsoquii02 WNIUIIDA | T WNIUIDIDA
€ 1 € 4 YIUNY] WNLI[UOD WNIUIIDDA | ] WNIUIDIDA
6 C L C C WS WU WNIUIODA | T WNIUIIIDA
4! 4! 01 ! 9y “XUDIIAL WNSOIIAS2D WNIuIdInA | ] WHIUIDIDA
€ € € I ¥ ORIN ASUILIDSIDI WINIUIDIDA | ] WNIUIDIDA
(021 € 6 1 4 SIOPIRY X [[8H A ‘1 2]P240qQ Winiu1dInA | ] Wn1u12IDA
w (43 0¢ 1 4 [[BYSIRIN] UUNILOGAD WNIUIIIDA | 7] WNIUIDIDA
99 SL 19 I ¥ UONY WNOfSNSUD WNIUIDIDA | ] WNIUIDIDA
1 1 1 ! C Your[q SNUDIUOULIIA SNGNY 1 sngny
14 I 14 € C "0 Sn1j0f121141n SNy 1 sngny

cl

T1°01
6L Ll 78 Il 689 ‘IPIYDS % "WeyD $nuisan snqny| 1 sngny
9 143 ST 4 14 (paonpoxnur) Noyos snrjofiunn snqmyy 1 sngny
6C L ST 1 €C “XUDIN S1DIALLL SNy “ snqny




K. E. Hummer et al.

292

(L102) 181y, Knsxoar dox) [eqo[n,
(L102) 10D9s

(L102) DdVVq

(eL102) SUV ‘VASN:

81 911 801 1 T ] DADPI-SYIA WNIUIDIDA | ] WNIUIIIDA
€8 14! [ ¥9 [ 9 UOILY WIS WNTUIDODA | ] WNIUIDIDA
LS 69 [ IT1 (A3 ,W ] WNSOULSIIN WNIUIDODA | ] WNIUIDIDA
14! € 8 C 4 UOITY WiN]jaud) WNIUIdInA | T WnIU1dIDA
6C 93 €l C ¥ ] WNAUIUDIS WNIUIDODA | ] WNIUIDIDA
[43 S 6C € ¥ [[WS WIpnuas wniuiddny | 1 WnIu1dIDA
ST 1 L1 € 4 QI[IA0D) XA S10qIo] wntndods wniudIvA | WNIUIIIDA
¢ 1 [43 1 C WIS WPINoaL WNIUIDODA | ] WNIUIDODA
(94 6C 8¢ € 4 ‘WS winijofiadvd wmiu1ddvA | T WNIUIIDA
6¢ 83 1€ 4 T uoIy wmpiynd wniudInA | ] wWniu1IIDA
€0¢ 99 LL € 4 " $020026X0 WNIUIDODA | ] WNIUIDIDA
I 87 93 € C ysing wimpao wniuiddnA | ] wniu1dI0)
LT1 9¢ €6 I 9y WS Wnofiipao wnuidon) | wniudomp
[43% 86 9% 1 9% °C T SN WnuIDdnA | ] WNIU1DIDA
pSASANED | -I0DFUr| q(wpeue)) | SOAN Ul jood | Aprojg uoxe[, snuan
Ul | SUOISSAI0B | YD Ul | SUOISSIIOR | QUID)
SUOISSAI0R JO | SUOISSAOIR | JO JoqUINN
Joroquny | Joquiny | JO JoqUInN

(ponunuod) 16 AqeL



9 North American Crop Wild Relatives of Temperate Berries (Fragaria L., Ribes... 293

9.2.3 Challenges in Cultivation: Pests, Diseases, and Edaphic
and Climatic Limitations

Virus diseases are ubiquitous wherever strawberries are cultivated (Maas 1998).
Extensive testing and certification programs have been developed for the strawberry
nursery industry in many countries (Diekmann et al. 1994). The recommended pro-
cedures for detection of berry viruses include bioassays on indicator plants, sap and
graft inoculation, enzyme-linked immunosorbent assay (ELISA), and double-
stranded RNA detection with the polymerase chain reaction (PCR). Cultivated
plantings should be started from certified pathogen-negative sources.

Common insects and diseases should be managed to maintain healthy and vig-
orous plants. Diekmann et al. (1994) and Maas (1998) describe symptoms, host
range, geographical distribution, biology, and transmission of common strawberry
diseases. Nearly 200 species of insects and mites have been reported to infect
strawberry plants in North America (Maas 1998). Not only do arthropods cause
direct plant damage, but they can also vector viruses and other diseases. Suggested
control measures for arthropod pests combine cultural, biological, and chemical
methods in an integrated plant production approach. These pests must be controlled
in genebanks.

Abiotic stresses can be increased by factors as diverse as climate change and
market dynamics. Changes in timing and duration of seasonal progressions can
affect flowering time, movement of pollinators, and chilling hours.

9.2.4 Nutritional and Functional Use

Fresh strawberries are a low-calorie source of vitamin A, vitamin C, vitamin K,
folate, potassium, dietary fiber, and polyphenols and other phytonutrients (USDA-
NDL 2017). Most analytical biochemical studies of fruits have relied on specific
extraction/separation methods to identify and quantify compounds of interest.

9.2.5 Crop Wild Relatives and Wild Utilized Species
9.2.5.1 Distribution, Habitat, and Abundance

Four strawberry species and two hybrid species are endemic to North America and
Hawaii (Hummer et al. 2011; Lee 1964; Staudt 1999, 2009) (Table 9.1, Fig. 9.1).
Strawberry species cover the North American landscape, ranging across Alaska and
Canada in the north, along the western ocean beaches from Alaska through the fog
zone of California, across the continent from West to East, and south through
Mexico. Fragaria chiloensis (L.) Mill., the beach strawberry, is plentiful along
sandy beaches of the Pacific Ocean from Alaska to California. Fragaria chiloensis
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Fig. 9.1 Species richness map of modeled potential distribution of Fragaria taxa in North
America, based on climatic and edaphic similarities with herbarium and genebank reference
localities. Warmer colors indicate areas where greater numbers of taxa potentially occur in the
same geographic localities. Full methods for generation of map and data providers are given in
Appendix 1

(L.) Mill. subsp. sandwicensis (Decne.) Staudt is distributed in mountainous regions
of the big island of Hawaii and on Maui (Staudt 1999). Fragaria virginiana Mill. is
native throughout much of the USA and Canada.

Fragaria x ananassa Duchesne ex Rozier nothosubsp. cuneifolia (Nutt. ex
Howell) Staudt is a natural hybrid of F. chiloensis (L.) Mill. subsp. pacifica Staudt
or subsp. lucida (E. Vilm. ex Gay) Staudt and F. virginiana Mill. subsp. platypetala
(Rydb.) Staudt (Staudt 1999) (Fig. 9.2). This hybrid has smaller leaves, flowers, and
fruits than the cultivated strawberry. The distribution of F. X ananassa subsp. cunei-
folia extends from the coastal regions of British Columbia (Vancouver Island),
Canada, south to Fort Bragg and Point Arena lighthouse in California, USA. Hybrids
of F. x ananassa subsp. cuneifolia and the two octoploids, F. chiloensis subsp. paci-
fica and F. virginiana subsp. platypetala, have been seen in Oregon, Washington,
and California (Staudt 1999).

North American indigenous peoples used and consumed wild strawberries.
Primarily, the whole plant of several species of strawberries, including the beach,
the woodland (F. vesca L.), and the Virginia strawberries, were collected and used.
Most of these plants were obtained for medicinal purposes. Moerman (2009) cites
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Fig. 9.2 Flower and leaves
of Fragaria virginiana
Mill. subsp. platypetala
(Rydb.) Staudt growing at
the National Clonal
Germplasm Repository,
Corvallis, OR, USA.
(Photo by K.E. Hummer,
USDA ARS, 04/2011)

15 references for uses of strawberries by 11 tribes of indigenous peoples of North
America. They were used as analgesic, antidiarrheal, dermatological, pediatric,
gastrointestinal, kidney, liver, psychological, and sedative aids, as well as a remedy
for toothache and a general disinfectant. Berries were also used as a deodorant.
In some tribes the whole plant was kept in the home to ensure happiness. The plant
was dried and used as a powder or poultice or prepared as a decoction of leaves or
infusion of roots.

9.2.5.2 Utilization: North American Breeding Contributions

Research into trait discovery, including perpetual flowering and sex determination,
in Fragaria species has been active since the eighteenth century (Richardson 1914).
Many traits have been characterized, and genes associated with flowering (Gaston
et al. 2013; Koskela et al. 2016), aroma, and flavor compounds (Chambers et al.
2014) have been cloned. Fruit firmness, a genetically complex trait, has been a focal
point of many strawberry breeding programs during the past 50 years (Hancock
et al. 2008b). As described by Salentijn et al. (2003), breeding to improve firmness
and flavor simultaneously is a difficult task because of the inverse correlation
between firmness and flavor volatiles. The increase in firmness developed through
breeding has provided the industry with the capability to move fruit to the far
reaches of the globe.
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The flavor components of strawberries are complex. Schwab et al. (2009)
summarize the genetic work concerning volatile and polyphenolic compounds,
including metabolic routes and associated genetic mechanisms. The concentration
of polyphenols varies among strawberry species and cultivars. Some breeding pro-
grams monitor the levels of these compounds to ensure maintenance of the already
high levels. Other breeding programs favor development of cultivars that support
year-round production and have fruit with good flavor to encourage increased con-
sumption of an already nutritious fruit. Colquhoun et al. (2012) describe consumer
preferences for sweetness and complex flavor in strawberry fruit.

Genetic linkage maps of diploid (Davis and Yu 1997; Sargent et al. 2006; Sargent
et al. 2004) and octoploid (Bassil et al. 2015; Lerceteau-Kohler et al. 2012; van
Dijk et al. 2014; Zorrilla-Fontanesi et al. 2011) populations have been developed
using various marker types and platforms. Robust markers for molecular finger-
printing of species have been developed (Chambers et al. 2013), and the genome of
the diploid woodland strawberry (F. vesca) has been sequenced (Shulaev et al.
2011). These advances provide tools for research and breeding of improved straw-
berry cultivars.

Since the mid-1800s, the efforts of over 35 breeding programs in Europe and the
USA have resulted in thousands of cultivars (Faedi et al. 2000). In the late 1900s,
strawberry breeding programs began in Asian countries and Oceania (Darrow
1966). During the past two decades, with the advent of improved genotypes and
efficient knowledge-based cultivation techniques, private strawberry companies
have globalized and now provide strawberries to markets in high population cen-
ters around the world, 365 days of the year. This multi-billion dollar success is
predicated on the initial and continued improvement of cultivars resulting from the
incorporation of wild germplasm into advanced cultivars through breeding.

Important historical breeders include the California breeders Albert Etter, Earl
Goldsmith, Harold Thomas, and Harold Johnson (Sjulin 2006; Wilhelm and Sagen
1974). Their significant founding clones “Shasta,” “Sierra,” “Lassen,” “Tahoe,”
“Donner,” and “Heidi” became the parental cultivars for subsequent public and pri-
vate breeding programs in California. In the 1950s, Royce Bringhurst assumed
management of the University of California strawberry breeding program, which
had moved to the University of California, Davis (Hancock 2006a). He and his col-
laborator Victor Voth in southern California began breeding for large berries on
plants adapted to California growing conditions. Bringhurst discovered a day-
neutral F. virginiana Mill. subsp. glauca (S. Watson) Staudt (Fig. 9.3) growing in
Hecker Pass, Utah. The day-neutral trait enabled production of strawberry fruit
every day of the year somewhere in California. Strawberry breeders throughout the
nation and throughout the world obtained this germplasm to breed cultivars with
this valuable trait.

Additional traits have been transferred from wild North American genetic
resources, including resistance to red stele (Phytophthora fragariae var. fragariae
Hickman) and the strawberry aphid, drought and salinity tolerance, and winter har-
diness. Other valuable traits that could be donated from wild American germplasm
include higher photosynthetic rate, lower fertilizer requirement, heat tolerance,
and resistance to soil pathogens and to powdery mildew. Hancock et al. (2010)
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Fig. 9.3 Flower, flower buds, and leaves of Fragaria virginiana Mill. subsp. glauca (S. Watson)
Staudt growing at the National Clonal Germplasm Repository, Corvallis, OR, USA. (Photo by
K.E. Hummer, USDA ARS, 04/2011)

evaluated many American octoploids for their potential to expand the F. x ananassa
gene pool. Stegmeir et al. (2010) identified hybrid genotypes from CWR that had
high values for fruit color, firmness, and soluble solids, among other traits.

9.2.6 In Situ Conservation Status of CWR and WUS

NatureServe ranks the Hawaiian strawberry, Fragaria chiloensis subsp. sandwicen-
sis, which is endemic on the islands of Maui and Hawaii, as globally imperiled
(NatureServe 2017). The population sizes of F. chiloensis subsp. lucida (Fig. 9.4)
and F vesca L. subsp. californica (Cham. & Schltdl.) Staudt (Fig. 9.5), growing
along the valuable California coast, are being reduced due to human encroachment
and invasive species (Hancock, personal communication 2016).

9.3 Currants and Gooseberries (Ribes L.)

9.3.1 Origin and Brief History of Use

The genus Ribes is placed in the family Grossulariaceae (previously in Saxifragaceae)
and includes about 150 species worldwide (Brennan 2008). Breeders have incorpo-
rated germplasm from about 18 species in the pedigrees of modern fruit cultivars of
currants and gooseberries (Harmat et al. 1990). Additional species have commercial
ornamental landscape application or potential.
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Fig. 9.4 Flowers and leaves of Fragaria chiloensis (L.) Mill. subsp. lucida (E. Vilm. ex Gay)
Staudt growing at the National Clonal Germplasm Repository, Corvallis, OR, USA. (Photo by
K.E. Hummer, USDA ARS, 04/2011)

mm |

Fig. 9.5 Flower, flower buds, and leaves of Fragaria vesca L. subsp. californica (Cham &
Schitdl.) Staudt growing at the National Clonal Germplasm Repository, Corvallis, OR, USA.
(Photo by K.E. Hummer, USDA ARS, 04/2011)
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Cultivated currants and gooseberries were initially derived from English and
European species, although American species have been chosen as parents of the
cultivated gooseberries to contribute disease resistance. For black currants, the pri-
mary species of commerce is Ribes nigrum L.; for red and white currants, R. rubrum
L.; and for gooseberries, R. uva-crispa L.

The black currants were first selected for their fruits in the 1600s as recorded in
early herbals (Brennan 1996). The first recorded cultivation of red and white cur-
rants for their fruit was in the 1400s and that of gooseberries in the 1200s. Recent
improvements are the result of the crosses of black currant species with gooseberry
species performed by Rudolf Bauer to produce the hybrid species R. X nidigrolaria
Rud. Bauer & A. Bauer. “Josta,” released in 1977, was the first of these types (Bauer
1986). Bauer released additional cultivars of this hybrid species so that cultivars of
this group have become commonly known as jostaberries.

9.3.2 Modern-Day Use and Agricultural Importance

Globally, the most economically important Ribes crop is black currants. This crop
is mechanically harvested for processing from intensive, large-scale farms, pri-
marily in Russia, Ukraine, Poland, Austria, and France. World production varies
from 500,000 to 600,000 MT annually with production in 2014 estimated at
>659,000 MT (UNFAO 2017). The fruits are most often processed into juice, but
other popular products include jams, jellies, liqueurs, and colorants used in yogurts
and other dairy products. The main red currant producers are Poland and Germany.
Germany, Russia, Poland, Ukraine, and the UK are the top producing countries for
gooseberries with >170,000 MT produced in 2014. In North America, a small
amount of acreage is used for growing black and red currants in Canada, the east-
ern USA, and Washington State, although not enough to be reported by the UNFAO
(Hummer and Dale 2010).

9.3.3 Challenges in Cultivation: Pests, Diseases, and Edaphic
and Climatic Limitations

While the major pest challenge for European black currant production is Blackcurrant
reversion virus, this is not the case for North America. The European vector for this
disease, the black currant gall mite [Cecidophyopsis ribis (Westw.)] (Adams and
Thresh 1987), does not occur in North America (Brennan et al. 2009).

The key Ribes pest in North America is white pine blister rust (caused by
Cronartium ribicola C J Fisher) (Barney and Hummer 2005). Originally from Asia,
this rust was introduced into North America on infected white pine nursery stock in
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the late nineteenth and early twentieth centuries. It spread across North America
during the early 1900s. This rust requires two co-hosts, a five-needle white pine and
a currant or gooseberry, to complete its life cycle. To reduce infection of pines,
Ribes production is prohibited or restricted by regulations in 12 states. Several black
currant cultivars with resistance have been identified (Barney and Fallahi 2009;
Barney and Hummer 2005).

Powdery mildew [Podosphaera mors-uvae (Schwein.), formerly Sphaerotheca
mors-uvae] is another primary problem in currant and gooseberry production plan-
tations. Resistant cultivars are an effective control strategy. European gooseberries
are most susceptible, followed by European black currants, American gooseberries,
red and white currants, and jostaberries.

Common insect pests in North American Ribes and their origins include aphids
[Capitophorus ribis L., North America and Europe; Aphis grossulariae Kalt.,
Europe; Hyperomyzus pallidus (H.R. L.) and Nasonovia ribisnigri (Mosley),
Europe], currant borer (Synanthedon tipuliformis, North America), and gooseberry
sawfly (Nematus ribesii Scop., North America).

9.3.4 Nutritional and Functional Use

Black currants are particularly rich in vitamin C, phenolics, anthocyanins, and other
phytonutrients (Moyer et al. 2002). The primary anthocyanins present in black cur-
rants are 3-0-glucoside and 3-0-glutinoside. Black currant fruit extracts have been
studied for use in cardiovascular health, as anticancer agents, to lower oxidative
stress and postprandial glycemic responses (Mortag and Sanlier 2017).

9.3.5 Crop Wild Relatives and Wild Utilized Species
9.3.5.1 Distribution, Habitat, and Abundance

More than 50 Ribes species are native to North America (Table 9.1; Fig. 9.6). The
Pacific Northwest in North America is a center of gooseberry species diversity.

Ribes species grow in a range of habitats in temperate woods and mountainous
regions. They tend to be shade tolerant and can be found as elements of the under-
story in conifer forests and in disturbed sites along roadways and drainage ditches.
Some species grow in moist areas or bogs.

Ribes species have been used medicinally for centuries. North American indig-
enous peoples used the fruits of wild currants and gooseberries as food, the inner
bark as a poultice for sores and swelling, and the root for sore throats (Moerman
2009). Gerard’s Herbal, an English herbal published in 1597, describes black and
red currants and gooseberries and their medicinal uses (Woodward 1924).
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Fig. 9.6 Species richness map of modeled potential distribution of Ribes taxa in North America,
based on climatic and edaphic similarities with herbarium and genebank reference localities.
Warmer colors indicate areas where greater numbers of taxa potentially occur in the same geo-
graphic localities. Full methods for generation of map and data providers are given in Appendix 1

9.3.5.2 Utilization: North American Breeding Contributions

Active breeding programs are currently based in the UK, Russia, Poland, Estonia,
Lithuania, and New Zealand (Brennan 2008). Early important cultivars include
“Consort” from Canada that is resistant to white pine blister rust; “Laxton’s No. 1,”
ared currant that is an important parent; and the “Ben” series of black currants from
the UK breeding program in Scotland (Brennan 2008).

Genetic research into Ribes has revealed many species that have contributed key
traits for improving cultivation (Barney and Hummer 2005; Brennan et al. 2009).
The cluster length and yields of black currant cultivars have been improved by
incorporating Ribes bracteosum Douglas ex Hook., the California black currant. R.
americanum Mill. (Fig. 9.7), and the American black currant. These species also
have the potential to provide powdery mildew resistance in interspecific hybrids
(Brennan 2008). Other North American species that could broaden the gene pool are
R. hudsonianum Richardson, the North American black currant, and R. aureum
Pursh var. villosum DC. (Fig. 9.8), which has a large, sweet fruit that ripens much
later than traditional black currant cultivars.
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Fig. 9.7 Flowering branch of Ribes americanum Mill. growing at the National Clonal Germplasm
Repository, Corvallis, OR, USA. (Photo by K.E. Hummer, USDA ARS, 04/2007)

Fig. 9.8 Flowering branch of Ribes aureum Pursh growing at the National Clonal Germplasm
Repository, Corvallis, OR, USA. (Photo by K.E. Hummer, USDA ARS, 04/2007)
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Fig. 9.9 (a) Flowering branch of Ribes divaricatum Douglas growing at the National Clonal
Germplasm Repository, Corvallis, OR, USA. (b) Flower of Ribes divaricatum growing at the
National Clonal Germplasm Repository, Corvallis, OR, USA. (Photos by K.E. Hummer, USDA
ARS, 04/2007)

While the cultivated red currants have been derived from many European species
(Barney and Hummer 2005), the North American red currant, R. triste Pall., has
fruit quality similar to the European species but has not yet been utilized for breed-
ing. The commercial gooseberry was primarily derived from the European goose-
berry R. uva-crispa (synonym = R. grossularia) that is native to the UK. The North
American gooseberry species R. divaricatum Douglas (Fig. 9.9), R. hirtellum
Michx., and R. oxyacanthoides L. (Fig. 9.10) have contributed to improved disease
resistance and decreased spines when bred with the larger fruited European species.
Many North American gooseberry species have fuchsia-like flowers and are planted
for their ornamental features (Brennan 1996).

Various methods have been used to develop molecular markers (Brennan et al.
2002; Cavanna et al. 2009; de Mattia et al. 2008; Russell et al. 2011, 2014) and to
create linkage maps (Brennan et al. 2008; Russell et al. 2014) for Ribes.
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Fig. 9.10 Flowering
branch of Ribes
oxyacanthoides L. growing
at the National Clonal
Germplasm Repository,
Corvallis, OR, USA.
(Photo by K.E. Hummer,
USDA ARS, 04/2007)

9.3.6 In Situ Conservation Status of CWR and WUS

Ribes echinellum (Coville) Rehder, the Miccosukee gooseberry (Fig. 9.11), is listed
as threatened by the US Fish and Wildlife Service (2015) and critically imperiled by
NatureServe (2017). It is known only from the two localities of Jefferson County,
Florida (USA), near Lake Miccosukee, and McCormick County, South Carolina
(US); thus it is vulnerable to human encroachment and regional development in the
areas. The PLANTS Database (USDA-NRCS 2017) lists 12 additional Ribes taxa of
concern under state laws in a total of 13 states.

9.4 Raspberries and Blackberries (Rubus L.)

9.4.1 Origin and Brief History of Use

The genus Rubus, a member of the rose family (Rosaceae), is one of the most
diverse in the plant kingdom. More than 740 named species have been divided into
15 subgenera, including artificial hybrid groups (USDA, ARS 2017a). Raspberries
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Fig. 9.11 Flowering branch of Ribes echinellum (Coville) Rehder growing at the National Clonal
Germplasm Repository, Corvallis, OR, USA. (Photo by K.E. Hummer, USDA ARS)

and blackberries are the economically important cultivated crops in the genus. Red
raspberry cultivation for fruit became widespread in European countries by the six-
teenth century (Jennings 1988). Red raspberries have been selected mostly from
European species, but the American red raspberry subspecies, R. idaeus L. subsp.
strigosus (Michx.) Focke (synonym = R. strigosus Michx.), has significantly con-
tributed to the cultivated red raspberry gene pool. Black raspberry cultivars were
developed from the eastern North American black raspberry, R. occidentalis
L. Purple raspberries (hybrids of black raspberry with red raspberry) were also
developed from American germplasm.

Blackberry species, while distributed in Europe and America, were most intensely
selected and bred from the widely diverse forms of American species. Cultivars
developed in the USA were derived from different multi-species, germplasm pools
centered in either the Pacific coastal regions or east of the Rocky Mountains.
Innovative breeding has produced hybrid berries, combining blackberry and rasp-
berry species, despite great ploidy incongruities.

9.4.2 Modern-Day Use and Agricultural Importance

Russia, Poland, the USA, Serbia, and Mexico are the top producing countries for
red raspberries, with >612,570 MT produced in 2014. Black raspberry produc-
tion is much less, ~900 MT, and production is centered in Oregon (USDA-ERS
2018), although a great deal of fruit is grown or imported for production of
liqueurs in Korea.
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Blackberry production is not large enough to be recorded through the UNFAO
statistical database. Strik et al. (2007) surveyed world production of blackberries
and reported 140,292 MT in 2005, with production increasing. The central high-
lands of Mexico have seen a dramatic increase in production for export of off-
season fresh fruit into the USA, and they are now the world’s leading blackberry
producer.

9.4.3 Challenges in Cultivation: Pests, Diseases, and Edaphic
and Climatic Limitations

Spotted wing drosophila (Drosophila suzukii Matsumura), a recent introduction to
berry production areas outside of eastern Asia, has become a devastating problem
for many berry growers, especially those growing raspberries and blackberries
(Bolda et al. 2010). At this time, there are no known sources of resistance in wild
germplasm.

Virus diseases are found throughout Rubus-growing regions and can be trans-
mitted via insects, nematodes, or pollen (Compendium of Raspberry and
Blackberry Diseases and Pests 2017). In red raspberry, Raspberry bushy dwarf
virus, verticillium wilt, phytophthora root rot, and powdery mildew are among the
biggest disease concerns. Black raspberry growers face similar disease problems,
and Black raspberry necrosis virus is a serious problem for growers.

Generally, blackberries have fewer devastating diseases than raspberries; how-
ever, in newer, generally warmer production areas, new-to-blackberry diseases such
as Fusarium oxysporum Schltdl. 1824 (Gordon et al. 2015) have become a problem.
Efforts are being made by the breeding community to identify and incorporate
genetic sources of resistance to virus vectors, especially aphids (Bushakra et al.
2015; Dossett and Finn 2010; Dossett and Kempler 2012) and diseases.

High temperatures and/or intense ultraviolet light can injure ripening raspberry
and blackberry fruit, and there is a genetic variability for tolerance to these stresses
(Finn and Clark 2012). Breeding efforts are going into improving plant tolerances
to heat, cold, and drought to expand and extend the growing range.

9.4.4 Nutritional and Functional Use

Raspberries and blackberries are low-calorie sources of dietary fiber, calcium,
potassium, vitamin A, vitamin C, vitamin K, and folate (USDA-NDL 2017). Whole
fruits and fruit extracts of the cultivated Rubus species have been shown to decrease
cancer cell proliferation in animal models (Ash et al. 2011; Mace et al. 2014;
Montrose et al. 2011; Rodrigo et al. 2006; Stoner et al. 2005, 2007; Zhang et al.
2011; Zikri et al. 2009).
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9.4.5 Crop Wild Relatives and Wild Utilized Species
9.4.5.1 Distribution, Habitat, and Abundance

Rubus species are diverse in morphology, cytology, and genetics. The GRIN
database lists 34 species native to North America. The Rubus treatment in the
Flora of North America (Alice et al. 2015) reports 27 Rubus species native to
North America, with eight species introduced from Europe or Asia (Table 9.1,
Fig. 9.12). Because Rubus is one of the most taxonomically challenging of plant
genera (Aalders and Hall 1966; Alice and Campbell 1999), many names of spe-
cies have been published and submerged as synonyms. Species definition is com-
plicated by hybridization, polyploidy, agamospermy, and lack of a universal
species concept (Alice and Campbell 1999).

Indigenous peoples of North America have used Rubus species for a range of
edible and medicinal purposes (Moerman 1996; USDA-NRCS 2017). For example,
the bark and leaves of salmonberry (R. spectabilis Pursh) (Fig. 9.13) were used in
various ways to relieve general pain and relieve labor pains and as an antiseptic
(Stevens and Darris 2003).

Fig. 9.12 Species richness map of modeled potential distribution of Rubus taxa in North America,
based on climatic and edaphic similarities with herbarium and genebank reference localities.
Warmer colors indicate areas where greater numbers of taxa potentially occur in the same geo-
graphic localities. Full methods for generation of map and data providers are given in Appendix 1
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Fig. 9.13 Ripening fruit and leaves of Rubus spectabilis Pursh growing in the wild in Oregon.
(Photo by K.E. Hummer, USDA ARS)

The many species of Rubus are adapted to different climates and growing condi-
tions (Daubeny 1996; Thompson 1995). They can be found in the forest understo-
ries, disturbed habitats, and wetlands and are often pioneer species that can become
weedy and invasive (Amsellem et al. 2001; Caplan and Yeakley 2013). At least eight
European and Asian species have been introduced into North America and are now
naturalized in the USA.

9.4.5.2 Utilization: North American Breeding Contributions

Public North American breeding programs for Rubus are based primarily at the
University of Arkansas and the USDA-ARS in Corvallis, Oregon. Newer public
breeding programs are housed at the University of North Carolina; the USDA-ARS
in Poplarville, Mississippi; and Agriculture and Agri-Foods Canada in Agassiz,
British Columbia. Important early North American cultivars include red raspberry
“Lloyd George,” “Early Red,” “Meeker,” “Washington,” and “September”’; black
raspberry “Munger” (Fig. 9.14), “Jewel,” and “Bristol”; and blackberry “Brazos,”
“Darrow,” “Thornfree,” and “Eldorado” (Jennings 1988).

Of the 34 species listed in GRIN-Global as native to North America, 15 have
been used in breeding (USDA, ARS 2017b). While the predominant germplasm
resource for the development of the cultivated red raspberry has been the
European R. idaeus, North American R. idaeus subsp. strigosus crosses freely
with this material and has been a source of disease resistance and adaptive traits
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Fig. 9.14 Fruit of black raspberry cultivar Munger. (Photo from USDA NCGR)

(Daubeny 1996; Jennings et al. 1991; Weber 2013). The germplasm pool used in
black raspberry breeding has been all North American in origin and was extremely
narrow until recently (Dossett 2011; Dossett et al. 2012a, b; Weber 2003). Recent
R. occidentalis collections and evaluations have brought a wealth of diversity for
vegetative and reproductive traits as well as aphid resistance, which can convey
virus resistance, into breeding programs (Bushakra et al. 2015; Dossett 2011;
Dossett and Finn 2010).

In the eastern USA, R. allegheniensis and R. argutus have been the primary spe-
cies used to develop the erect and semi-erect-type blackberries, while in the west,
R. ursinus has been the most important species contributing to the development of
the trailing-type blackberries (Clark and Finn 2011; Clark et al. 2007; Finn 2001;
Finn and Clark 2012). These North American raspberry and blackberry species
have been collected and evaluated with varying degrees of rigor but provide a
diverse and valuable source of germplasm that can readily be incorporated into
advanced breeding material.

Breeding with these species has resulted in cultivars with introgressed traits from
wild relatives. Current breeding programs are interested in improving fruit quality
(flavor, skin firmness, color, color retention), postharvest characteristics (reduced
fruit color reversion in blackberry, shelf life), yield, machine-harvest ability, and
tolerance to biotic and abiotic stresses.

Research into trait discovery in Rubus species has been active since 1931.
Studies were conducted on many species to identify if traits were controlled by
single loci or controlled quantitatively (reviewed by Daubeny (1996)). Many traits
have been characterized, although no genes have been identified. Recent advances
in genome sequencing technologies are bringing us closer to gene discovery. The
black raspberry genome sequence (VanBuren et al. 2016) and genetic linkage maps
(Bushakra et al. 2015; Bushakra et al. 2012), red raspberry genetic linkage maps
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(Graham et al. 2004; Sargent et al. 2007; Ward et al. 2013; Woodhead et al. 2010),
and blackberry genetic linkage maps (Castro-Lopez et al. 2013) and expressed
sequence tag libraries of Rubus sp. (Garcia-Seco et al. 2015; Lewers et al. 2008) are
narrowing the focus for gene identification. Researchers now have a large molecu-
lar toolbox with which to address questions on genetics, genomics, and breeding of
these important berry crops.

9.4.6 In Situ Conservation Status of CWR and WUS

The PLANTS Database (USDA-NRCS 2017) lists 17 Rubus species as having
protected status in a total of 14 US states and Canadian provinces. Rubus aliceae
L. H. Bailey is presumed to be globally extinct (NatureServe 2017). Rubus barto-
nianus M. Peck (Fig. 9.15), endemic to western Idaho and eastern Oregon, is ranked
by NatureServe (2017) as globally imperiled. The two Hawaiian species, Rubus
hawaiensis A. Gray (Fig. 9.16) and R. macraei A. Gray, are also ranked as globally
imperiled. These two species are the only Rubus species endemic to the Hawaiian
Archipelago, although five introduced species encroach upon their niche (Howarth
et al. 1997; Morden et al. 2003).

Fig. 9.15 Flowering branch of Rubus bartonianus M. Peck collected from the Snake River
Canyon, ID. (Photo by K.E. Hummer, USDA ARS)
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Fig. 9.16 Flowers and ripening fruit of Rubus hawaiensis A. Gray growing in the wild. (Photo by
J.D. Postman, USDA ARS)

9.5 Blueberries, Cranberries and Lingonberries (Vaccinium L.)

9.5.1 Origin and Brief History of Use

Vaccinium is a member of the heath family (Ericaceae). More than 450 Vaccinium
species have been described in more than 31 subgenera (Song and Hancock 2011),
although the taxonomy of the genus is controversial (Vander Kloet 2004). North
American Vaccinium species have been improved through selection and breeding to
become economically important cultivated crops (Brazelton and Young 2017).

The three main crops of commerce are blueberries (V. corymbosum L. and
hybrids, V. angustifolium Aiton, and V. virgatum Aiton [synonym = V. ashei
J.M. Reade]), cranberries (V. macrocarpon Aiton), and lingonberries (V. vitis-
idaea L.); most of the V. angustifolium and V. vitis-idaea are harvested from man-
aged wild stands. Blueberries were derived initially from section Cyanococcus,
predominantly from selections and hybrids of V. corymbosum, the highbush blue-
berry); these North American-derived blueberries have been selected for many
climatic regions and are now globally produced and grown. Selections of elite
wild northern highbush blueberry (Coville 1921) led to the establishment of field
plantations, and breeding to improve fruit production has been underway for the
past 100 years. In the latter half of the twentieth century, breeders began to incor-
porate the southern US species V. darrowii Camp into breeding material to develop
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blueberries with a low chilling requirement (Hancock et al. 2008a). The develop-
ment of blueberries that could be grown in no-chill or low-chill environments has
been the most important development in blueberry since the release of the first
cultivars 100 years ago as it has allowed the rapid expansion of the crop into new
regions.

The American cranberry (V. macrocarpon), a diploid, is native to eastern North
America. When colonists arrived in Massachusetts in 1614, they found and
described these large-fruited cranberries growing on the peat bogs of Cape Cod
(Eck 1990) and were taught by the indigenous peoples of the area to prepare food
from them. The American cranberry was first domesticated and cultivated in Cape
Cod in 1810. Breeding and research efforts have been conducted over the past
100 years for improvement of cranberry cultivation (Hancock et al. 2008a).
Modern cultivated cranberries are wild selections of V. macrocarpon or cultivars
specifically bred to be grown in managed bogs. Some efforts at field cultivation
have been made but have not been successful on an ongoing large scale.

Most lingonberries (V. vitis-idaea) are harvested from the wild. While most
cultivars are superior selections from the wild, cultivars have also been developed
by breeding programs. This species is native in northern Canada and the
USA. Cultivated production of lingonberries is under trial in the USA but has not
been very successful.

Efforts to cultivate other native Vaccinium species, such as the oheloberry (V.
reticulatum Sm.) (Figs. 9.17 and 9.18) and its wild relatives endemic to Hawaii, are
in the early stages (Hummer et al. 2012).

9.5.2 Modern-Day Use and Agricultural Importance

In 2014, the USA, Canada, Mexico, Poland, and Germany were the top producing
countries for blueberries, with a total of 525,621 MT. In 2014, a global total of
303 MT of cultivated and wild blueberries, valued at $824.9 million, were pro-
duced and utilized (USDA-NASS 2015). In 2015, the leading US state for produc-
tion was Washington, followed by Oregon, Georgia, and Michigan (USDA-ERS
2018). Maine is the leading producer of lowbush “wild” blueberries that are gath-
ered from managed native stands rather than cultivated fields. Fresh and pro-
cessed wild blueberries were valued at $47.2 million in the USA in 2015.

In 2015, the value of the American cranberry crop was about $267 million
(USDA-ERS 2018) for about 8.6 million barrels of fruit. Production was slightly
higher in 2015 than in the previous year. Massachusetts, New Jersey, Oregon,
Washington, and Wisconsin have the greatest production in the USA. This crop is
now grown on approximately 40,000 acres (> 16,000 ha) across Canada and the
northern USA (Song and Hancock 2011). Plantings are expanding in British
Columbia, Michigan, Nova Scotia, Quebec, Chile, and Germany.
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Fig. 9.17 Plant of Vaccinium reticulatum Sm. growing on lava in Hawaii, USA. (Photo by
K.E. Hummer, USDA ARS)

9.5.3 Challenges in Cultivation: Pests, Diseases, and Edaphic
and Climatic Limitations

Spotted wing drosophila (SWD) is the greatest threat to blueberry and other soft
fruit production in the USA. There is a zero tolerance threshold for SWD larvae in
fresh market fruit, and potential berry crop losses can be as high as $511 million
annually in western states (Bolda et al. 2010). No one has yet found sources of
resistance to this pest.

Throughout North America, blueberry production is threatened by many viruses
that are regionally located. Some of the most important viruses include Blueberry
shoestring virus, Tomato ringspot virus, Tobacco ringspot virus, Blueberry leaf
mottle virus, Blueberry red ringspot virus, blueberry stunt phytoplasma, Blueberry
scorch virus, and Blueberry shock virus (Martin et al. 2012).
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Fig. 9.18 Branch with fruits and flowers of Vaccinium reticulatum Sm. growing at the National
Clonal Germplasm Repository, Corvallis, OR, USA. (Photo by K.E. Hummer, USDA ARS)

In terms of climatic limitations in North America, blueberry germplasm has a
range of environmental adaptations, with the exceptions of tolerance to the coldest
regions of the north and to hot dry conditions. During the past 100 years, innovative
breeders have combined North American CWR with the highbush blueberry to pro-
duce named cultivars for a range of environments. Blueberries were first selected
from cold-hardy, northeastern-adapted elite clones from New Hampshire and New
Jersey (Coville 1937). Now growers can plant blueberries throughout many cli-
matic zones of North America, ranging from areas with minimum temperatures of
about —40 °C to freeze-free locations when sufficient moisture is present. Breeders
have been collaborating to evaluate mineral soil adaptation in blueberry cultivars
(Scheerens et al. 1999a, b). Grafting cultivars onto mineral-adapted rootstock is
another approach (Basey 2017).

Cranberry plants and fruit are affected by several major fungal diseases including
root rots caused by Phytophthora cinnamomi; diebacks caused by Phomopsis vac-
cinia, Fusicoccum putrefaciens, and Synchronoblastia crypta; and leaf spots caused
by Pyrenobotrys compacta and Protoventuria myrtilli. In addition, ringspot virus
and false blossom phytoplasma reduce plant growth and yield. Insect pests include
the black-headed fireworm Rhopobota naevana (Hiibner), cranberry fruitworm
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(Acrobasis vaccinii Riley), Sparganothis fruitworm (Sparganothis sulfureana
Clemens), cranberry weevils (Anthonomus musculus Say), cutworms, and green
and brown span worm.

9.5.4 Nutritional and Functional Use

Vaccinium fruits are a healthful and nutritious food for humans. The fruits are low in
fat and salt content and contain only about 80 calories per cup. The berries contain
phytonutrients called polyphenols including the pigments called anthocyanins.
Blueberries have high contents of vitamin C, manganese, and dietary fiber and are
preserved as jams, jellies, and syrups. The North American cranberry also has multi-
ple health benefits linked to phytochemicals in the fruit (Neto et al. 2008).

9.5.5 Crop Wild Relatives and Wild Utilized Species
9.5.5.1 Distribution, Habitat, and Abundance

Crop wild relatives of blueberries are a diverse taxonomic group. The genus is poly-
phyletic (Kron et al. 2002), and species delineation is taxonomically complex (Song
and Hancock 2011). A global taxonomic reassessment of the definition of the genus
is needed. About 34 species of Vaccinium are indigenous to North America
(Table 9.1, Fig. 9.19), many of which have been gathered from the wild for centuries
by Native Americans.

Lowbush blueberry, sometimes called “wild” or “Maine” blueberry, is harvested
from managed wild mixed stands of unselected V. angustifolium and V. myrtilloides
Michx. genotypes throughout northeastern North America. While mostly grown in
commercial fields today, V. corymbosum and V. virgatum were historically harvested
by indigenous people, and pickers still harvest from the wild.

The little leaf cranberry, V. oxycoccos L., with a polyploid series from diploid to
hexaploid, has a broad, circumboreal distribution. It is gathered from wild stands in
Russia and Eastern Europe and across North America and, as in the cases of lingon-
berry and lowbush blueberry, has not undergone breeding for domestication.

Blueberry plants are shrubs, small trees, or vines that grow on acidic, sandy,
peaty, or organic soils. They are pioneer plants, expanding in disturbed regions, on
the edges of forests, where burning has occurred or where the upper tree story has
been cut. Some temperate species, but not the highbush blueberry species, tend to
grow in large clonal colonies with intricate, fibrous, and shallow rhizomes that can
spread over large areas under forest or in open fields.

The American cranberry is a woody perennial vine that is found in sphagnum
bogs, swamps, mires, wet shores, headlands, and upland meadows. It has a
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Fig. 9.19 Species richness map of modeled potential distribution of Vaccinium taxa in North
America, based on climatic and edaphic similarities with herbarium and genebank reference
localities. Warmer colors indicate areas where greater numbers of taxa potentially occur in the
same geographic localities. Full methods for generation of map and data providers are given in
Appendix 1

widespread distribution in eastern Canada and the northeastern and north-central
USA, and south to the Appalachian Mountains of eastern Tennessee and North
Carolina.

9.5.5.2 Utilization: North American Breeding Contributions

In North America, the highbush blueberry, V. corymbosum (Fig. 9.20), has been
bred for 107 years, with significant historical contributions from Frederick Coville,
George Darrow, and Arlen Draper (Hancock 2006b). Coville initiated highbush
blueberry breeding in 1909 and produced “Bluecrop,” “Jersey,” and “Rubel” and
many others. Darrow worked to understand the interspecific crosses and taxonomy.
Arlen Draper extensively used native material in his crosses and was able to make
crosses between individuals of different ploidy to produce, among others, the very
important US 75 and “O’Neal.” Breeders have chosen a wide range of species
within section Cyanococcus to develop hybrids with the highbush blueberry that are
adapted to a broad range of environments: from the cold north to hot climates with-
out winter. The tetraploid lowbush blueberry, V. angustifolium, was crossed with the
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Fig. 9.20 Fruiting shrub of Vaccinium corymbosum L. growing at the National Clonal Germplasm
Repository, Corvallis, OR, USA. (Photo by K.E. Hummer, USDA ARS)

highbush to create half-high blueberries that survive winter by growing beneath the
snow line. In contrast, southern-adapted species, such as V. darrowii, were incorpo-
rated to produce plants whose buds require much fewer dormant chilling hours to
successfully break and develop. New “evergreen” production systems allow fruit
development at any time throughout the year in subtropical-tropical locations. These
interspecific crosses created cultivars that facilitated robust production from Canada
to Mexico thanks to genes contributed from North American germplasm.

Northern highbush blueberries are primarily selected from elite plants of tetra-
ploid V. corymbosum or crosses between them. Southern highbush blueberries are
hybrids of the northern V. corymbosum crossed with a combination of southern spe-
cies such as V. darrowii (Fig. 9.21), so that they are adapted to conditions with fewer
winter chilling hours. Rabbiteye blueberries are selections of V. virgatum that origi-
nally were bred and cultivated in southern North America but now are bred by a
number of breeding programs and grown in other areas like the Pacific Northwest
that are mild wintered, where they ripen extremely late.

Genetic research into Vaccinium species has led to the development of linkage
maps for diploid (Rowland et al. 2014) and tetraploid (McCallum et al. 2016) blue-
berry populations based on various marker types (Bian et al. 2014; McCallum et al.
2016). The tetraploid blueberry genome has been sequenced and annotated (Gupta
et al. 2015). The genome of cranberry has been sequenced (Polashock et al. 2014).
Genetic linkage maps have been constructed for cranberry (Georgi et al. 2013)
based on various marker types (Covarrubias-Pazaran et al. 2016; Fajardo et al. 2013;
Schlautman et al. 2015).
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Fig. 9.21 Vaccinium darrowii Camp growing in the wild in Florida. (Photo by Paul Lyrene, 05/2007)

Beginning in 1929, cultivars of the American cranberry were first bred by the
United States Department of Agriculture-Agricultural Research Service (USDA-
ARS) working with the New Jersey and Massachusetts Agricultural Experiment
Stations. They began their breeding programs with selections from wild stands in
Massachusetts, New Jersey, and Wisconsin. Today cranberry breeding efforts are
focused on early fruit with a uniformly large size. Major cranberry breeding efforts
continue in New Jersey, Wisconsin, and Massachusetts.

9.5.6 In Situ Conservation Status of CWR and WUS

The USDA Plants Database (USDA-NRCS 2017) lists 11 Vaccinium species,
including V. boreale 1.V. Hall & Aalders, northern blueberry, with some type of
protected status in a total of 15 states. The limited distribution of V. boreale is pro-
tected in Maine and New York. Populations of V. boreale are not threatened in
Canada (NatureServe 2017). Vaccinium crassifolium Andrews subsp. sempervirens
(D. A. Rayner & J. Hend.) W. B. Kirkman & Ballington is listed as endangered in
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Fig. 9.22 Bog of Vaccinium macrocarpon Aiton at Green Pond, George Washington National
Forest, VA, USA. (Photo by K.A. Williams, USDA ARS)

South Carolina, where it is endemic, and ranked as critically imperiled by
NatureServe (2017). Vaccinium macrocarpon, the American cranberry, is endan-
gered in [llinois and threatened in Tennessee. The limited populations in these states
warrant protection.

Vaccinium macrocarpon (Fig. 9.22) and V. oxycoccos (Fig. 9.23), the two native
species of cranberry, are the focus of a project to identify sites for in situ conserva-
tion under the US Forest Service(USFS)/Agricultural Research Service (ARS)
Joint Strategic Framework on the Conservation and Use of Crop Wild Relatives in
the United States. Collaborators from the USFS, the USDA-ARS, and the
University of Wisconsin have identified and documented populations of these spe-
cies on National Forests and conducted population genetic analyses using molecular
markers.

9.6 Ex Situ Conservation Status of CWR and WUS of Berry
Species

The Multilateral System (MLS) of access and benefit sharing established by the
International Treaty on Plant Genetic Resources for Food and Agriculture
(ITPGRFA 2017) covers genetic resources of the crops listed in its Annex 1.
Strawberry, which was recognized as a crop of global horticultural significance, is
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Fig. 9.23 Fruiting branch
of Vaccinium oxycoccos L.
from the Olympic
Peninsula, WA, USA.
(Photo by K.A. Williams,
USDA ARS)

included, but the other berry crops are not because they were not recognized as
globally significant in 2004 when the ITPGRFA was established. A global conser-
vation strategy for strawberry genetic resources was developed through the coop-
eration of the Global Crop Diversity Trust, the Bioversity International, the
International Society for Horticultural Science, and international scientists
(Hummer 2008).

The largest ex situ collection of North American berry genetic resources is held
at the US national berry genebank located at the USDA-ARS National Clonal
Germplasm Repository (NCGR) in Corvallis, Oregon. Their collection includes a
broad diversity of Fragaria, Ribes, Rubus, and Vaccinium of not only North
American taxa (Table 9.1) but also representatives of global species and cultivars
(Postman et al. 2006; USDA, ARS 2017a). Primary collections are maintained
on-site as living plants. Backup secondary collections of subgroups are main-
tained in different forms. Medium-term tissue cultures are maintained on-site and
remotely; meristems have been placed in cryogenic storage at the base location,
USDA-ARS National Laboratory for Genetic Resource Preservation, Ft. Collins,
CO, USA. Protocols for dormant bud preservation in cryopreservation are under
research (Jenderek et al. 2011).
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At the NCGR, primary collections of major taxa are maintained in containers in
screenhouses or planted in the field. Seed lots are stored in —18 °C. Plants are
tested for common viruses, viroids, and phytoplasmas as funding allows. Plant
identity is checked by comparison with written description, review by botanical
and horticultural taxonomic experts, and evaluation by molecular markers, such as
simple sequence repeat markers. Single nucleotide polymorphism (SNP) markers
and genotyping by sequencing (GBS) approaches are being tested.

The collections have been documented for accession, inventory, voucher
images, and morphological and genetic observations on the Germplasm
Resources Information Network (USDA, ARS 2017a). Accessions of more than
22,770 strawberry, 9,900 currant and gooseberry, 14,800 blackberry and rasp-
berry, and 12,700 blueberry, cranberry, and lingonberry CWR have been distrib-
uted to international and domestic requestors from NCGR-Corvallis during the
past four decades.

Other collections of berry genetic resources are conserved by the Canadian
Clonal Genebank, botanic gardens in the Botanical Gardens Conservation
International (BGCI) network, and genebanks whose holdings are listed in
GENESYS (GCDT 2017) (Table 9.1). Other international genebanks have invested
only limited conservation efforts for small fruit and temperate berry CWR.
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