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Abstract: [ Objective ] Raspberries, known for their rich nutrient content, are recognized as
representatives of the "world's third-generation fruits." To diversify raspberry varieties in Shanxi
Province, this study conducted a comprehensive analysis of the growth conditions and fruit quality
of introduced raspberry varieties. The goal was to identify superior varieties suitable for local
cultivation and provide a foundation for the evaluation and selection of raspberry varieties in
Shanxi Province. [Methods] 16 raspberry varieties from Shenyang Agricultural University were
used as experimental materials, including Red Autumn, Royalty, Meeker, Fertodi, Tulameen,

Autumn Britten, Autumn Bliss, Caroline, Heritage, Fall Gold, Polana, Nova, Polka, Fengmanhong,
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Qiuping, and Dinkun. The introduction and cultivation experiments were conducted at the
Raspberry Resource Nursery of the Pomology Institute at Shanxi Agricultural University.
Observations were made on the phenological period of the raspberries, and 23 indicators of
biological traits and fruit qualities were measured. Biological trait indicators included plant height,
caudex, number of root tiller seedling, leaf length, leaf width, leaf area, specific leaf weight,
chlorophyll content, net photosynthetic rate, stomatal conductance, intercellular CO; concentration,
and transpiration rate. Fruit quality indicators included single fruit mass, fruit stalk length, fruit
longitudinal diameter, fruit equatorial diameter, fruit shape index, soluble sugar content, soluble
solids content, titratable acid content, sugar-acid ratio, soluble protein content, and vitamin C
content. Correlation and principal component analyses were conducted to comprehensively
evaluate and rank the 16 raspberry varieties. [ Results JAll 16 raspberry varieties exhibited normal
growth, budding, blooming, and fruit-bearing in Shanxi Province. The dates of sprouting, mulch
removing, leaf-expansion, early blooming, and defoliation of raspberry were concentrated in late
March, late March to early April, early April, mid-May, and late October, respectively. The date of
maturity and date of final harvest for floricane-fruiting raspberries were concentrated in June and
late July, respectively. For promicane-fruiting raspberries, the date of maturity was concentrated in
June and August, with date of final harvest in July and September. Among branch traits of
raspberries, plant height ranged from 114.5 to 346.0 cm, with Meeker being the tallest and Polana
being the shortest. Caudex of raspberries ranged from 10.49 to 13.56 mm, with Red Autumn being
the thickest and Fengmanhong being the thinnest. The number of root tiller seedlings of
raspberries ranged from 4.7 to 18.7, with Dinkun producing the most and Fengmanhong producing
the fewest. Promicane-fruiting raspberries generally exhibited larger leaves compared to
floricane-fruiting varieties, with Polka having the largest leaves and Red Autumn, Royalty, and
Fertodi having the smallest leaf. In terms of photosynthetic traits of raspberries, Meeker had the
highest chlorophyll content (3.41 mg-g™'), Royalty had the highest net photosynthetic rate (13.56
pumol CO2'm2's7!) and transpiration rate (7.04 mmol HO-m2's™"). Autumn Britten exhibited the
highest stomatal conductance (0.353 mol H,O-m2's™!), and Autumn Bliss had the highest
intercellular CO> concentration (385 umol-mol™'). Regarding fruit appearance, floricane-fruiting
raspberries generally had a higher single fruit mass than promicane-fruiting varieties, with Royalty
having the heaviest mass (7.01 g). Polana had the longest fruit stalk length (3.34 cm), while
Royalty had the largest fruit dimensions, with a longitudinal diameter of 2.74 cm and equatorial
diameter of 2.26 cm. Caroline exhibited the highest fruit shape index at 1.35. For fruit nutritional
traits, Fertodi had the highest soluble sugar content (7.34%) and soluble solids content (13.59%).
Tulameen had the highest titratable acidity (2.37%). Meeker exhibited the highest sugar-acid ratio
(10.83) and soluble protein content (1.20 mg-g™!). And Nova had the highest vitamin C content
(392.03 pg-g!). Correlation analysis revealed various degrees of correlation among raspberry
traits. For example, single fruit mass was significantly positively correlated with transpiration rate,

fruit longitudinal diameter, fruit equatorial diameter, and fruit shape index. Fruit equatorial



diameter was significantly positively correlated with plant height and transpiration rate. Soluble
solids were significantly negatively correlated with stomatal conductance and fruit stalk length.
Soluble protein was significantly positively correlated with leaf length, leaf width, and fruit shape
index, and negatively correlated with intercellular CO> concentration. The sugar-acid ratio was
significantly positively correlated with caudex thickness and soluble solids content, and negatively
correlated with fruit shape index and titratable acid content. These correlations indicated
overlapping information, suggesting the need to simplify evaluation indicators. Principal
component analysis extracted seven principal components with a cumulative contribution rate of
88.621%. A comprehensive evaluation model was established, and the raspberry varieties were
ranked based on their comprehensive scores. [Conclusion] Principal component analysis results
indicate that plant height and caudex can be used to evaluate growth traits; single fruit mass,
longitudinal diameter, and equatorial diameter to assess fruit appearance quality; stomatal
conductance and intercellular CO; concentration to evaluate leaf photosynthetic traits; vitamin C
content to assess fruit antioxidant capacity; titratable acidity to evaluate sweet and sour flavor;
soluble sugar content to assess fruit sweetness; and specific leaf weight to evaluate leaf traits. The
comprehensive evaluation results suggest that the floricane-fruiting raspberry varieties Fertodi,
Royalty, Meeker and promicane-fruiting raspberry varieties Fengmanhong, Autumn Bliss, Autumn
Britten are the best-performing varieties and can be promoted as excellent raspberry resources for
cultivation in Shanxi Province.
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Table 1 The basic information of test raspberry

d A J 7= ] Bt

Varieties Origin country Type

KL Red Autumn JL[E Britain 2 RIS FE Floricane-fruiting red raspberry
%[ 22 5 Royalty %[ America BRI WA Floricane-fruiting red raspberry
K7 Meeker F[E America HIRALI WA Floricane-fruiting red raspberry
P IRFAE Fertodi %) 2 F Hungary 2 RIS AE Floricane-fruiting red raspberry
#Eahi Kk Tulameen %X Canada BRI A Floricane-fruiting red raspberry
A P& Autumn Britten YE[H Britain FKRAILLW A Promicane-fruiting red raspberry
F#E Autumn Bliss JL[E Britain TR M A Promicane-fruiting red raspberry
K i&Hk Caroline [ America KRB MAE Promicane-fruiting red raspberry
/K424 Heritage %[E America KRB MA Promicane-fruiting red raspberry
4 Fall Gold [ America KRB E MM Promicane-fruiting yellow raspberry

#ihigh Polana %X Canada KRB MAE Promicane-fruiting red raspberry



B2 Nova X Canada KRB MAE Promicane-fruiting red raspberry

WK Polka P> Poland FKIAILLWEE Promicane-fruiting red raspberry
Fi# 4L Fengmanhong 1 China KA Promicane-fruiting red raspberry
K Qiuping 1 [E China KRB MAE Promicane-fruiting red raspberry
W Dinkun WURFIE Australian  FKERZYZLAH%E Promicane-fruiting red raspberry
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Table 2 Branch and leaf traits of raspberry varieties

TR Pk /em F2E/mm AR B v Bt AR em B em R T A fem? b &/ (grm™)
Varieties Plant height/mm Caudex/mm Number of root tiller seedling  Leaf length/mm  Leaf width/mm Leaf area/cm? Specific leaf weight/ (grm™2)
FHZ Red Autumn 184.1£6.17 d 13.56+£2.6 a 7.7€1.1 ef 15.38+1.00 ¢ 14.04+1.21 h 112.82+13.75 f 61.26+4.29 cd
2%[H 22 5 Royalty 262.5+11.53 ¢ 12.97+2.5 abe 18.6t1.4a 15.50+£1.28 ¢ 13.95+1.32 h 102.17+13.27 £ 69.48+3.76 a
K7 Meeker 346.0£10.21 a 13.10+1.7 ab 17.442.0 a 17.75€1.73 cd 15.9341.58 defg 123.55424.36 def ~ 58.21£4.60 de
RS Fertodi 326.5+7.38 b 12.63+2.8 abed 13.2+1.7b 15.70+£1.37 ¢ 14.26+1.36 h 101.04+14.21 f 62.2846.84 bed
HihiK Tulameen 194.9+4.22d 11.49£3.2 bede 6.5+1.0 f 18.28+1.40 cd 16.02+1.66 def 139.96+21.54 cde  57.15+7.55 def
FKIE Autumn Britten  123.2+8.98 ij 11.97+1.9 abede 7.4+1.6 ef 18.66+1.55 ¢ 16.75+1.49 bede 143.47425.25cd  71.74+5.93 a
A& Autumn Bliss 155.2+4.15 ef 10.77+1.9 de 9.4+1.4 cd 19.34+2.23 ¢ 16.66+2.31 cde 152.15433.13 bc ~ 69.31+8.21 a
Ri&BE Caroline 148.5+3.66 efg 11.18+1.7 cde 8.7£1.6 cde 21.10+0.84 b 18.24+1.00 b 168.2+13.76 b 61.87+4.90 cd
/R %5294 Heritage 132.6+3.64 ghi 10.91+1.4 de 8.2+1.4 de 21.05£2.16 b 17.95+1.58 be 157.35424.13 bc ~ 52.3244.67 f
&K Fall Gold 136.743.97 ghi 11.14£2.0 cde 9.9+l.4c¢ 16.70+£1.51 de 15.4141.62 efgh 120.54+24.77 ef ~ 57.94+4.00 def
WHigN Polana 114.5+4.04 j 10.57+1.7 ¢ 9.8+1.0 ¢ 18.81£1.97 ¢ 16.94+1.67 bede 139.15426.47 cde  55.42+4.37 ef
BiiE Nova 162.742.84 ¢ 11.61+1.9 bede 13.9£19b 16.65+2.02 de 14.38+1.82 gh 124.96+23.76 def ~ 67.64+3.88 abc
/K Polka 143.5+6.06 fgh 11.76+1.5 abede 13.6£1.7b 24.34+1.50 a 20.58+0.95 a 201.22420.25 a 57.9746.33 def
“EJ#4 Fengmanhong 135.8+2.63 ghi 10.49+1.7 ¢ 47x1.1¢g 15.90+0.67 ¢ 14.63+1.01 fgh 118.86+10.70 ef 66.14+5.25 abc
P Qiuping 128.5+4.02 hij 12.15+1.5 abede 8.3+1.3 de 19.10+1.10 ¢ 17.86+0.96 be 162.66£16.85 bc  68.27+6.14 ab

BT BE Dinkun 147.5+4.61 efg 11.2+1.8 bede 18.742.0 a 19.18+2.18 ¢ 17.4842.19 bed 168.88+39.28 b 53.14+8.06 ef

T Bl LA E AR HE IR R R

AP RERRAN [ R B 22 57 2 (p < 0.05)5

Note: Data are mean + standard error; different letters represent significant differences between different raspberry varieties at p < 0.05.



U,

PR
iy es\@%,rw* kd o 1 %,
L ! ! | @ev.,& &, L L L 1 |
S} S} o S} o Do \AW,Y =3 =3 =3 =3 1= o
° G Y, % & & % °
(8w f0p [ount) joper onayyuksoroyd joN % ({-Tour-ount) /ronenuLSUOd F0D TequyEo1YU]
m SRS AL n 00 Bl
LY CI— S —
Y, “,
s, % ° 18, «
e S
U T
9 0y, %
Do Ha E M\e&eﬁ@wﬂ o2
bvom. | Je, <. %\0 ol _Je
1 % Ve 7 o,
P ol — f\e»ﬂmv 3 L
) E : 3
3 =N VA o, T PN
[ - E D%Mu\\wwwvww ) —— 0
%e HE Jo, \5\% Wy oo,
3 =N CNE S =N
2 3
Vo g ey, o), I
,§LWWHHHHHHHHM§%§%$%@ o 3 43
e, “Uny
[, Yoy, & e&mw S o4,
g2, I N ) \evvwm 2,
[ =T A S Y o J
e — 14 4 Y — A
B R/ ex\w\au ,J\\/m\m»\w o % o
s = ¥ o S P
LwE———— ¥ By
) © ~ ®© o o b, Do, A\ﬁ/\mvﬁ ~ @ « — o
< o ol - o o 4 ) S S S} S o
(1.8:3ur) /hydoromyd 3% Y S OYH [ouI) /00URONPUOD [BJRUI0}S
< 22 3} BEVY

R R
Raspberry cultivar

A it e
Raspberry cultivar

WEE R ZE R R E (p<0.05),

EN

HEiR; AFEF

i

LR

RZE

Error bars are standard error of the mean; different letters represent significant differences between different

raspberry varieties at p < 0.05.

& | NEmMELaERET
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AT UL H S R B A K 0 S AR SR 4N, ATIA 3.34 em, B/ B RO AK R AL, SUA 1.49 em,
PRGN R B2 = T RORAL 124.16% . IR 2 P SRR K N 2.28 em, A 6 /il iy
FERWKAESMELLE, 10 @A R RRKRAZIME. mE2C ME 2D TREH, R
LR BRI P2 S [ 22 5, 400l n]ik 2.74 A1 2.26 cm, S/ SRR FF 2L,
Gr A 1.60 AT 1.71 em, 32 [ 22 5 SR SEPAR AR 73 ) it 35 1o TR RF 25 71.25% 41 32.16%
RIS AE IR T 3 TSR RIREAR 73 BN 2.15 R 1.99 em, 230 9 AN Al 25 SR SE AR TE )
fELL b, 7 AN SR A R SR RIE I, 8 Al AR R BRI UL b, 8 AN Al
MR R ARILB|ME. BB 2E TLEL, RIBHREURORR) A2 R &k, Ak 1.35,
BN R AR SRR, R 0.89, RIEHKRIBZIEHUL Z & T 5K 51.69%. I AE 1K~ 25 1
TEARECN 1.08, A 7 PR R TEARBIE A LL B, 9 AR A R TR BB B39 .

T R T A A RS SRR VT R, LR RV MR RE AN VA PR R T (B 3 A RT3
B), &m0 m R SR, ATk 8.34% 0 13.59%, B B AR A SRR 43 B BKCR
CLANFTHLL, 430N 5.23% 8.61%, PR/RFEAE AT IS & 8 B & T ROR AL 59.46%, W]
TEVERE T & B 2 TR AL 57.84%. TR AR (1T 35 T A A W AN R A [ T A )
A 6.89%H1 11.27%, A 8 /™ty Flvts 5 AT W MERE AN AT Vi vk [ T4 & AR DA b, 8 ANl
RS T P R T A I [ T & e R B M . TERTRE R T T (B3 O, & i 1
FdhioK, WA 2.37%, SEREKSFZEE 225, (U4 1.17%, HROKAHE RS
R EETEE 22 5 102.56%. B AT ERE &N 1.52%, A 7 A s
AR E IR A R AEIME LA b, 9 AN R R T E R BORIA B . v SR IR A [ R LRI
G (B3 D), [EIFR E g s i FloR oK B, mIak 10.83, AR LS I ) s R Ak A, N 4.90,
oK e [T R bE 35 i TRKAR 121.02%. IS AE (R P S BEER LR 771, A 9 AN SRR 2 [ R Ll
TESBMELL b, 7 AN SRR RE [ RR L AR IA BIME . ErEEE AT (B 3E), SRR
Fi Ko, WA 1.20 mgrg™, AR BRI AR FCRZL, 8 0.90 mg-g™', Kud nl itk A
R TR 33.33%. XM AT A E A RN 1.03 mg g, A 9 Nl
WHRAEEEA S BAEDEU L, 7 AR AR S BAREIIME. AHEERCT
M (B3, SEEkmNSAERAE, 1A 392.03 ng-g!, SRR FERT, U8
98.02 ng-g!, FELAEE CFEEERTFWNL 299.95%. W ENFH%ELER C S E
N 233.62 pgrg?, A8 AN EEAEAE R C S EAAKMED L, 8 MWMFIE4EER C SR
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IR A% 1) AR ) 2 8 b5 SR 9 B8] PR PR 23 BT A 1] 4 P o R0 i B ik i 5 3642 (R
=0.68) MIRBEH KR (R=0.54) BRFEMKKR, SHEM (R=-0.55 2LFAMK
FeFo WRIEW AL K SR B (R =0.98) & FHIAR (R=0.95) 2EFEIEMAXKLR.
WRIGH AT 58 E S AR (R=0.96) 2EZIFMHKKR.

IO B R S R (R=0.55). AALTE (R=0.70). MLlf] CO2 i (R =10.52)
LB HEE (R=0.60) BEFEMHRKR. RIHEALFESHHE (R=0.51) JJEHE
CO k% (R=0.94) R2REFIEMHIKR.

IR AR PR 524 BIESE (R=0.64). REHPE (R=0.80). FERIE (R=0.69)
FRIEFEH (R=0.65) REZFEMEXKR. RENERHKSHES (R=-056) 2REN
IR R I AR LA E RLRAE (R=0.73) LERIEH (R=0.91) EEHIEHRL
KAR. RIEWRRLHESkE (R=0.56) KAEBEE (R=055) 2RFEHLLR,

RIGW A AT MEE Y 5 SILSE (R=-0.500 FRMEK (R=-0.66) 2 & F MK
o MM R ATAEER A SH A KE (R=0.51) A 55 (R=0.96) KR (R =0.55)
EREEMIEER, HHIA COKE (R=-0.58) EEEMMIKR. RIGWEFRL S
A (R=0.52) KAEEFEEY (R=0.56) 2RFIEHIKLR, SRILEH (R=-0.55)
FKAlfERR (R=-0.78) REEZAMHRKR.

i Plant height
k4% Branch diameter

HBE % iE Adventitious roots number

LIS

osynthetic rate

al conductance

Zid 3
Hi Soluble sugar content
{JE4) Soluble

Soluble protein
#E2%C Vitamin C
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Fig.4 Correlation analysis among different indexes of raspberry varieties
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WoAER. Horb, ER 1 TR A 24.588%, H B bk S MR R, IX bR S
WEE KA . ORI S A KIE R T ER 2 MTTRRE N 19.554%, HEBHpRE
B RPN SEMAR R, IR bR S R B SR SE IR AU BT, Bk SR S AL 2 ok
ERT o FRG 3 TR R 17.417%, HFEHSFLZEMMNE CO WK g, XEfihr
SRR AR, FRAM R AR B . R 4 (M DTER A 8.383%, 3L
FEMYPEER C e, MR RSLHPIELRE ), BRI E R F o ER S
MITTHREE 7.774%, HFZHTEERRIGE, WA RS S BRI A, FR oy RSk KUk g
o ERST 6 MITTRRE N 6.220%, HE Tl nl MR goE, SN AE SR Sl o & A
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Table 3 Total variance explained and component matrix of principle components

1845 Index ESN%a
1 2 3 4 5 6 7

HEE{H Eigenvalues 5.655 4.497 4.006 1.928 1.788 1.431 1.078
Ik #/% Rate of variance/% 24.588 19.554 17.417  8.383 7.774 6.220 4.686
BHTTERZE/% Cumulative % 24,588  44.142  61.559 69941 77715  83.935  88.621
Fk® Plant height 0.590 0.579 -0.330  0.072 0.102 0.128 —0.091
H1% Caudex 0.666 0.252 0311 0451 0.204 0.017 —0.154
HREEWEE Number of root tiller seedling 0.145 0.534 —0.318 0.327 —-0.351 —0.060 —0.392
HF K% Leaf length -0.875  —0.033  —0.045  0.367 0.072 0.236 -0.039
M FEJ% Leaf width -0.880  —0.045  —0.078  0.339 -0.011  0.266 -0.007
R T Leaf area -0.905  —0.091  —0.025  0.336 0.091 0.140 -0.039
LLIH 5 Specific leaf weight/ 0.356 0.052 0.526 0.344 0.016 -0.259  0.516
443 Chlorophyll 0.352 0.109 -0.133  0.053 0.590 -0.195  0.334
¥4 Net photosynthetic rate 0.579 0.108 0.529 0.304 0.247 0.136 -0.302
S4LS ¥ Stomatal conductance 0.381 —0.383 0.727 0.278 0.115 0.136 —0.057
MulE] CO.#JZ Intercellular CO; concentration  0.356 -0.528  0.655 0.093 0.120 0.175 —0.044
Z&W5HZ Transpiration rate 0.412 0.543 0.512 0.148 -0.217 0.275 -0.176
L f & Single fruit mass -0.077  0.826 0.291 -0.037  —0.060  0.372 0.120
B Stalk length -0.376  0.103 0.593 -0.118  -0.551  —0.232  0.082
4% Fruit longitudinal diameter -0.206 0918 0.223 0.016 0.168 -0.103  0.067
HSLHEMZ Fruit equatorial diameter 0.323 0.839 0.086 —0.321 -0.018 —0.039 0.189

RIEFEH Shape index —0.494 0.734 0.235 0.190 0.234 —0.127 —-0.017



A[AEERE Soluble sugar

WA VER JEY) - Soluble solid

T ERR Titratable acid

[##Z Lt Solid acid ratio

WM A Soluble protein

24 & C Vitamin C

—0.181

0.272

—0.455

0.547

—0.550

0.067

0.085 —0.101
0.000 —0.843
0.112 0.138

—0.048 —0.626
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Table 4 Principal component scores and comprehensive evaluation of raspberry varieties

e 3| A He4
Fy F> Fs Fy Fs Fs Fy F

Type Varieties Ranking

HARAM  P/RHAE Fertodi 205.36  17.49 -76.95 313.78  128.58  83.88 22.44 93.75 1
%[ 22 5 Royalty 180.43  —17.93  32.57 230.19  103.5 98.38 -8.47  89.81 2
K7 Meeker 165.34  75.52 -96.98  258.4 107.47  86.62 0.53 83.46 3
KR Red Autumn  149.13  —123.25 73.63 272.87  121.32  91.19 14.11 72.25 4
JEHi Kk Tulameen 60.80 2229  —7.94 219.56  96.004  79.74 5.25 45.46 5

KM EHL Fengmanhong  97.96 —-125.06 14637  168.38  91.02 103.65 —12.41  58.88 1
A Autumn Bliss 88.13 —-142.08 124.49 24401 11193 10558  0.33 57.90 2
FKIE Autumn Britten  93.45 —194.05 70.48 361.92  139.35  82.01 46.37 51.63 3
- /RH¥524 Heritage 71.92 -167.25 97.97 289.99  120.83  98.22 19.90 48.28 4
4K Fall Gold 59.43 -70.59  52.62 178.97  79.18 81.27 -1.51 40.75 5
&R Nova 76.85 -83.93 —7473 36636 12453 4725 58.31 40.10 6
Ry Bk Caroline 13.95 -79.90 —3221 31829 11371  65.76 39.09 26.68 7
M Dinkun 5.26 -50.58 —13.43 25341 91.58 71.29 12.09 2531 8
W4 Polana 2.60 -5421 397 208.80  78.09 63.12 10.88 21.15 9



P Qiuping -1.37 -71.50  —52.26  309.4 105.61  56.83 41.92 18.31 10
WIREK Polka -33.64 —61.50 2651 291.26  103.05  73.53 22.26 14.82 11
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