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Comprehensive evaluation of 158 strawberry germplasm resources culti-

vated in weakly alkaline soil
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Abstract: [Objective] In order to investigate the impact of weakly alkaline condition on cultivated
strawberry (Fragaria * ananassa Duch.) germplasm resources, the present experiment was carried out.
The shallow root system of cultivated strawberry makes it particularly susceptible to abiotic stresses
such as drought and saline-alkali conditions. The aim of this research is to identify promising strawber-
ry genotypes suitable for cultivation in weakly alkaline soils. [Methods] A total of 158 strawberry re-
sources served as the experimental materials. Twenty-one descriptive traits and 11 quantitative traits
were evaluated, including plant height, fruit size, as well as leaf and petiole characteristics. For fruit
size measurement, 5—6 strawberry fruits were cut longitudinally, and the cross-section area and length
were analyzed by a scanner. The 21 descriptive traits were classified according to the Descriptors and
Data Standard for Strawberry (Fragaria spp.). The Shannon’s diversity index (H') was calculated for

each descriptive trait. Statistical analysis, including mean, standard deviation, minimum, maximum and
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coefficient of variation, were conducted for the 11 quantitative traits. Person correlation analysis, princi-
pal component analysis (PCA), and cluster analysis were performed by using R package Performance-
Analytics, FactoMineR and cluster, respectively. Comprehensive scores were based on principal compo-
nents, and relative proximity degree was evaluated using the DOPSIS method. [Results] The Shannon’
s diversity index (H') for the 21 descriptive traits of cultivated strawberries ranged from 0.218 5 to
1.418 0. The highest diversity was observed in seed-bearing condition, followed by fruit texture (H' =
1.294 5), while the lowest diversity was found in calyx color. The H’ value for seed color was 0.760 1,
with 76.58% of the resources exhibiting both yellow and red seed colors. Descriptive statistics of 11
quantitative traits, including plant height, fruit size and quality, and other agronomic characteristics, re-
vealed substantial phenotypic variation among the accessions, with coefficients of variation (CV) rang-
ing from 12.84% to 54.35%. The highest CV was observed in fruit weight, while the fruit length-to-di-
ameter ratio (L/D) showed the lowest variability. Fruit weight ranged from 2.58 g to 27.20 g, and the L/
D ratio varied between 1.03 and 1.72. The average fruit diameter and length were 30.82 mm and 37.85
mm, respectively. Fruit hardness ranged from 0.41 to 3.11 kg - cm™, with a coefficient of variation of
44.36%. The number of branch crowns ranged from no branching (n = 1) to multiple branching (n =
4.60), with a coefficient of variation of 28.36%. The stolon thickness exhibited considerable variation,
ranging from 0.36 mm to 2.59 mm. Correlation analysis revealed a significant positive association be-
tween plant height (PH) and fruit-related traits such as fruit size and weight. In contrast, soluble solids
content (SSC) showed no significant correlation with the other eight quantitative traits, including fruit
diameter (D), length (L), L/D, area (A), perimeter (P), weight (W), hardness (H) and crown number (C).
A weak association was observed between SSC and the width of runners (WR). To effectively preserve
the information from 11 traits while reducing data redundancy, PCA was performed. The contribution
rates of PC 1, PC 2, PC 3 and PC 4 were 51.78%, 12.09%, 10.65% and 9.44%, respectively, with a cu-
mulative contribution rate being 83.97%, which could explain most of the information of the 11 trait in-
dicators. PC 1, with an eigenvalue of 5.70, primarily represented factors related to fruit yield. PC 2 was
closely associated with plant height, L/D ratio, and soluble solid content. Cluster analysis classified the
germplasms into three distinct groups, each showing distinct differences in quantitative traits. Group 1
comprised 57 germplasms, accounting for 36.08% of the total resources. Group 2 included 34 resourc-
es, which exhibited superior performance, characterized by taller plants, larger fruits, and robust sto-
lons. Group 3 contained 67 resources that were identified as alkali-sensitive. While there was little dif-
ference in SSC among the three groups, major differences were observed in fruit size, fruit weight, and
plant height, which were basically consistent with the results of principal component analysis. Based on
the principal component, a comprehensive score was derived for each germplasm, with a higher ranking
indicating better overall performance under alkaline soil conditions. Among the top 15 germplasms, six
were of foreign origin and nine were Chinese varieties, all demonstrating strong adaptability to alkaline
soils. The relative proximity of each resource was further evaluated using the TOPSIS method. Among
the top 15 strawberry germplasms identified by TOPSIS, four varieties, Charlotte, Jiatianbao, Kinuama,
and Jijiu, were newly introduced resources that ranked highly using this approach. [Conclusion] A total
of 11 germplasms were ranked within the top 15 by both evaluation methods, among which six were
Chinese varieties. Yanli and Dongxiang were identified as particularly suitable for cultivation in alka-
line soil, while C4 and Zhongmei No. 5 demonstrated strong potential as bridging parents for breeding
alkaline-tolerant strawberry varieties. These findings establish a solid germplasm resource foundation

for the targeted introduction and breeding of Fragaria varieties, as well as for uncovering the molecular
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regulatory mechanisms underlying alkaline tolerance in cultivated strawberry.

Key words: Fragaria x ananassa; Alkaline tolerance; Germplasm resources; Comprehensive evaluation
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Table 1 Twenty-one descriptive traits classification
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FFR 53 4ii Frequency distribution

PR Trait
1 2 3 4 5
ek 7R FAL rh ] iKIT
Plant architecture Erect Semi erect Patulous
AR 5% I % WAl (LA
Leaf shape Round Ellipse Rhombus Oval Obovate
L 2 A A ER Bl
Shape of incisions of leaf margin Sharp Blunt
R T ESitihie E i e
Leaf texture Soft Leathery and coarse Leathery and smooth
M IETHH B = o B
Trichome density of the upper leaf surface Dense Medium Sparse
IR e 1 i
Trichome density of the lower leaf surface Dense Medium Sparse
A £ e %
Petiole color Olivine Magenta
AR A AR L RHE St
Petiole hair condition Erect Slanting Level-stick
TEIAR RS A7 B HHE zEER it
Relative position of petals Separate Adjacent Overlapped
TEESALE TS eSS [N
Position of stamen Lower than the pistil ~ Level the pistil Higher than the pistil
TEMEBEAIRS JERYA RHE St
Pedicel hair condition Vertical Plagiotropic Level-stick
SR i s .
Pedicel fragility Crisp Medium Tougher
RRHE Vi el e
Fruit tip coloring Easy Medium Difficult
ERHEG Vi el A
Subcalyx coloration Easy Medium Difficult
AR T NG TP YRS  RE
Persistent calyx condition Appressed Flat Main calyx flat-away, Rolling
auxiliary calyx rollback
5 g £ T3
Calyx color Green Dry yellow
KR 5 Vi b3
Difficulty of wiping off calyx Easy Difficult
Tt e LR AN HeH
Seed color Yellow Olivine Red Both
TR W " .
Seed density Sparse Medium Dense
Ty AR M Ml °F W "
Seed-bearing condition Concave Little concave Flat Little convex Convex
HPA il Fa 7 i
Fruit texture Mellowest Spongy Tougher Crisp
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Table 2 Frequency distribution and diversity index of descriptive traits of strawberry

RN SR 43 Frequency distribution WL 2 REVEFE AL
Trait 1 2 3 4 5 Genetic diversity index, H'
TR 445 Plant architecture 39 88 31 0.990 8
i F IR Leaf shape 35 78 2 11 32 1.246 6
I Fr i 245 1% Shape of incisions of leaf margin 118 40 0.565 8
T i Leaf texture 11 106 41 0.803 4
I IE T # B % & Trichome density of the upper leaf surface 28 109 21 0.8310
-7 T # B % ¥ Trichome density of the lower leaf surface 2 80 76 0.3999
IH47 i (7 Petiole color 116 42 0.579 1
IR £ 25 £ IRFS Petiole hair condition 128 30 0.486 0
TEHEHINT 7 B Relative position of petals 54 35 69 1.062 6
&S B Position of stamen 33 23 102 0.890 1
TEMIF B % IRAS Pedicel hair condition 36 78 44 1.0415
B Pedicel fragility 84 39 35 1.015 1
A% Fruit tip coloring 104 15 39 0.844 1
"Nt Subcalyx coloration 146 7 5 0.320 3
15 235 4IRS Persistent calyx condition 44 73 28 13 1.2249
15 i, Calyx color 149 9 0.218 5
K4k 5 Difficulty of wiping off calyx 84 74 0.691 1
Fl-yZitt Seed color 8 6 23 121 0.760 1
FhF 2% Seed density 6 38 114 0.702 4
Fl-FHE A IRE Seed-bearing condition 31 48 57 13 1.4180
SR B HE Fruit texture 18 35 40 65 1.294 5
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Table 3 Statistical analysis of quantitative traits of 158 Fragaria resources under weakly alkaline soil
Eepm—
PEgR Ty W% RAME Rkl COTAA
Traits Mean sD Min Max Coefficient of variation,
) ’ CVI%
¥k i Plant height/cm 22.68 5.67 13.50 31.00 25.02
g
JRS# 42 Fruit diameter/mm 30.82 6.28 20.13 45.67 20.37
522042 Fruit length/mm 37.85 8.87 21.28 66.15 23.42
SR L Fruit length-diameter ratio 1.23 0.16 1.03 1.72 12.84
RSCTHIAY Area of fruit longitudinal section/mm? 839.42 339.50 214.76 1813.77 40.44
H52J# 4K Perimeter of fruit longitudinal section/mm 151.26 36.67 89.99 264.63 24.25
S & Fruit mass/g 11.55 6.28 2.58 27.20 54.35
w1 [E ) Soluble solids content/°Bx 10.09 1.50 7.05 15.17 14.91
JSTF ¥ Fruit hardness/(kg - cm™?) 1.08 0.48 0.41 3.11 4436
Hr 229 1 % Number of new crowns 2.68 0.76 1.00 4.60 28.36
)5 224 Width of runners/mm 1.62 0.38 0.36 2.59 23.15
20 30 40 1.1 14 1.7 100 200 8 12 1.0 2.54.0
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PH. Plant height; D. Fruit diameter; L. Fruit length; L/D. Fruit length-diameter ratio; A. Area of fruit longitudinal section; P. Perimeter of fruit lon-

gitudinal section; FW. Fruit mass; SSC. Soluble solids content; H. Fruit hardness; C. Number of new crowns; WR. Width of runners. *, ** *** indi-

cated significant correlation at P<<0.05, P<<0.01 and P<<0.001 levels, respectively. The same below.
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Fig. 1 Frequency distribution histogram and correlation analysis of agronomic traits in 158 Fragaria resources
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Table 4 Eigenvalue and eigenvectors of principle components of the 11 quantitative traits

PR {43 Principle component

Traits PC 1 PC2 PC3 PC 4
Pk Plant height 0.65 0.55 0.01 0.21
FSEMEAE Fruit diameter 0.94 0.13 -0.26 0.04
LY AE Fruit length 0.94 -0.22 0.10 0.19
JESZYE L Fruit Length-diameter Ratio 0.25 -0.61 0.68 0.27
JESETE A Area of fruit longitudinal section 0.96 0.00 -0.09 0.07
s K Perimeter of fruit longitudinal section 0.91 -0.12 0.05 0.15
H92F B Fruit mass 0.94 0.07 -0.24 0.05
AL T4 & & Soluble solids content -0.00 0.63 0.46 -0.10
JESEAfFE Fruit hardness 0.71 -0.05 0.19 -0.32
BT 2543850 Number of new crowns -0.38 0.35 0.22 0.73
) ) 224 Width of runners 0.38 0.24 0.52 -0.46
FF1iF{H Bigenvalue 5.70 1.33 1.17 1.04
T1#k 3 Contribution rate/Y% 51.78 12.09 10.65 9.44
Z IRk Accumulative contribution rate/% 51.78 63.88 74.53 83.97

PC2 (12.1%)

-0.5

0.0

0.5

PCI (51.8%)
2 1 AMEREERS ER S ERN
Fig.2 Correlation between the 11 quantitative traits and PC1 and PC2
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Table 5 Means of quantitative traits of three clusters

] KPEL K2 KPS
B o< o< IR
HEAR Traits Cluster] Cluster2  Cluster 3
Pk 1 Plant height/cm 23.72 27.04 15.60
JSH# 4% Fruit diameter/mm 33.30 39.11 24.65
HSYM% Fruit length/mm 39.85 49.72 30.16
RYRELL 1.19 1.29 1.22
Fruit length-diameter ratio
FHIA 921.63 133455 52288
Area of fruit longitudinal
section/mm’
K 159.76 196.74  121.20
Perimeter of fruit longitudinal
section/mm
H S 2 Fruit mass/g 13.29 20.69 5.55
wCRI PR ) 10.22 9.82 10.12
Soluble solids content/°Bx
RS20 FE Fruit hardness/(kg-cm™) 1.27 1.43 0.73
BT 2253 B B Number of new crowns  2.62 2.21 2.99
)5 250 Width of runners/mm 1.66 1.75 1.53
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Fig. 3 Cluster analysis of quantitative traits of 158 Fragaria resources
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Table 6 Comprehensive evaluation scores of top 15

strawberry germplasms

% Tl o2 44 7 ZH 4

Number Germplasm name Comprehensive scores Ranking

2024-XX-118 F/#5 2 Chandler2 4.010 1

2024-XX-3  -Fi#/0 Canoga 3.361 2

2024-XX-63 AW Kandongga  2.805 3

2024-XX-62 T 2.790 4
Governor Simcoe

2024-XX-6  #iF Yanxiang 2.719 5

2024-XX-7 % JE Dongxing 2312 6

2024-XX-34  #i[ Yanli 2.026 7

2024-XX-5  EyE 1S 1.981 8
Qianmei No.1

2024-XX-35  FAET 1.952 9
San Andreas

2024-XX-55  hESH 1.920 10
Zhongmei NO.5

2024-XX-16 47 1 Shuxiang 1~ 1.901 11

2024-XX-2 /LK1 Chandler 1 1.867 12

2024-XX-149 1342 Shuxiang2  1.821 13

2024-XX-12 32 Junhe 1.773 14

2024-XX-138 C4 1.690 15

AR 1R 2 AR E S R AR AR R R 1
.
Note: Chandler 1 and Chandler 2 are the same cultivar provided by

different sources of introduction; Shuxiang is the same.

#7 BT TOPSIS SEHEHT 15 WEEMRATR
Table 7 Top 15 Fragaria resources based on TOPSIS

analysis

i Tl 22 ARG 4
Number Germplasm name Relative closeness Ranking
2024-XX-63 I AIE Kandongga 0.680 1
2024-XX-62 T 0.651 2
Governor Simcoe
2024-XX-3 R0 Canoga 0.651 2
2024-XX-118  H{HIR2 0.647 3
Chandler 2
2024-XX-34 [ Yanli 0.599 4
2024-XX-138 C4 0.594 5
2024-XX-7 %A Dongxing 0.580 6
2024-XX-55  EESS 0.580 6
Zhongmei No.5
2024-XX-152  EI&FF Xialuote 0.564 7
2024-XX-12 B2y Junhe 0.563 8
2024-XX-2  H{EK 1 Chandler 1 0.562 9
2024-XX-137 B Jiatianbao 0.561 10
2024-XX-153  UL&H Kinuama 0.552 11
2024-XX-148 3L Jijiu 0.546 12
2024-XX-6  #EFF Yanxiang 0.545 13
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B REEPIGE L TOPSIS FUZ IR W S0P T
5/ T it b 5 U SR E ik BRI B SR T eR BN 5
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%A1 TOPSIS V2 0 B Jilp 18 R 158 43 552 o Joig 5% )5t 32k
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R 2 0T 7 1R S R (R oAt 4 AP RS
1T XD EE B 1A 2, 1 TOPSIS 2
CRA VP HEA BT 1S OO R R R I BRI
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HE4 J5 10 A7 M B2 s b, ACA 3 4 Mot — 2, 431
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AR FERE VAT T 590U 25 F T 158 47 s B
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Fh 75 AR RAS A% Z AR S s 1IN EE
TR A8 5 R B0 2 12.84%~54.35% , B 52 & 1)
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