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Analysis on Fruit Quality of Strawberry and Its Correlation
with Soil Nutrient

HOU Yongxia'*?, CHE Chang®, WEN Xuan", TIAN Chenyue, WANG Xiaoyang",
WEI Jianbing"™, WANG Shanshan", LIU Zhouli"

(1.a. College of Enviroment; b. College of Life Science and Bioengineering, Shenyang University, Shenyang 110044, China;
2.Northeast Geological S&T Innovation Center of China Geological Survey, Shenyang 110034, China)

Abstract: In recent years, strawberry industry in our country has developed very fast. Dandong 99 Strawberry (Fragaria X
ananassa Duch.), as the main strawberry variety in Liaoning Province, has high edible value and economic value. In order
to understand the soil nutrient status and its influence on strawberry fruit quality in Liaoning Province, and explore the key
soil factors affecting strawberry fruit quality, strawberry fruits and surface soil (0-20 cm) were collected from 40 strawberry
farms in Dandong, Benxi and Shenyang, and the fruit quality indexes and soil physicochemical properties indexes were
detected. The quality of strawberry fruit was evaluated by principal component analysis, and the comprehensive ranking was

conducted by principal component score. The correlation between strawberry fruit nutrients and soil nutrients was explored
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by correlation analysis. The results showed that there was wide variation in fruit traits among individuals, with the
coefficient of variation ranging from 4.67% to 56.02%, and the coefficient of variation of fructose was maximum. By
principal component analysis, 3 principal components were extracted, and the cumulative contribution rate was 60.25%.
Twenty strawberry farms with higher comprehensive scores were selected. Generally, the soils of 40 strawberry farms were
slightly acidic, with excess contents of Alkaline-N and Olsen—P, suitable contents of Organic matter, Available-K. The soil
indexes for improving strawberry flavor were Alkaline—N, Olsen—P, Available-K and Available B. The soil indexes for
improving appearance quality of strawberries were Organic matter, Exchangeable calcium and Exchangeable magnesium.

Key words: strawberry; fruit quality; soil quality; correlation analysis
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Figure 1 Single fruit weight of strawberry fruits in different strawberry farms and fruit type index
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Figure 2 Contents of sugars in strawberry fruits of different strawberry farms
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Table 1 Nutrient content status of strawberry fruits in different strawberry farms
T
" ?[f”?‘ TR R B B (g 100g7)  ATEEEEIR%  Eng-g)
Soluble sugar Total acidity Sweet/Acid Vitamin C Soluble solids content Total phenols
strawberry farms
1 8.08+0.34 0.70£0.04™ 10.71 66.60+0.85* 11.27+0.12" 2.13+0.02"
2 7.74£0.46¢ 0.65+0.00" 9.19 54.06+0.76" 9.30+0.10™! 2.25+0.01™
3 5.69+0.34' 0.84+0.02¢ 6.42 48.60+0.85™! 9.53+0.06% 2.31+0.00!
4 4.10+0.17° 0.71£0.00™* 7.85 55.26+0.934 10.30+0.10 2.13+0.00"
5 6.24+0.06™ 0.70+0.00™ 10.44 52.80+1.02"! 10.23+0.15¢ 2.35+0.02"
6 6.08+0.33ihe 0.82+0.01" 4.01 42.60+0.85° 9.70+0.10™ 2.38+0.01%
7 5.89+0.21kih 0.70+0.00™ 5.47 48.18+0.25™! 9.10+0.10r" 2.38+0.03"
8 6.29+0.27" 0.76+0.00/ 9.29 46.20+0.85 9.13+0.120m 2.26+0.01'
9 6.48+0.32¢ 0.83+0.00¢ 7.03 55.20+0.00¢ 10.17£0.23% 2.39+0.01<
10 4.54+0.260 0.75+0.00' 8.41 47.88+0.17™ 8.30+0.20" 2.28+0.01
11 8.30+0.31" 0.84+0.01¢¢ 7.96 49.74+0.93'i 10.00+0.00¢ 2.38+0.01"
12 6.14+0.30i" 0.89+0.00 10.68 53.46+0.59¢¢ 8.93+0.15%° 2.28+0.01%
13 5.96+0.21%ihs 0.88+0.00 5.47 57.66+0.93¢ 9.73+0.06™" 2.26+0.01%
14 5.06+0.37" 0.73+0.00'i 5.52 48.60+0.85™! 9.27+0.15™! 2.19+0.019
15 6.18+0.14™" 0.89+0.014 8.35 47.94+0.59™™ 14.23+0.21? 2.18+0.01w
16 5.13+£0.19™ 0.79+0.01° 8.60 51.60+0.85™" 9.57+0.06" 2.24+0.00"
17 5.58+0.46mki 0.76+0.01 8.06 49.20+0.34™k 8.83+0.154 2.17+0.029
18 8.75+0.49" 0.67+0.00" 7.82 44.94+0.59 9.27+0.12m! 2.19+0.019
19 7.39+0.36" 0.82+0.00" 6.91 51.66+1.10™" 10.40+0.00¢ 2.09+0.01"
20 6.52+0.04¢ 0.86+0.05% 8.70 44.40+0.34m 10.70+0.00¢ 2.23+0.01"
21 7.17+0.36" 0.66+0.01" 7.96 47.40+0.68" 9.33+0.12m 2.20+0.01°
22 5.67+0.08"ki 0.62+0.01r 9.50 44.40+0.51m 8.33+0.06"" 2.24+0.01™
23 6.10+0.067" 0.92+0.00° 6.60 50.76+0.68" 8.20+0.00" 2.30+0.01
24 7.71£0.46¢ 0.83+0.01# 6.54 49.20+0.68" 10.00£0.17¢ 2.34+0.03"
25 5.86+0.49kih 0.84+0.01¢ 9.44 47.40+0.85" 10.00+0.10¢ 2.26+0.02'
26 6.19+0.45™" 0.89+0.024 6.74 45.00+0.17% 8.83+0.061 2.30+0.01
27 4.31+0.15° 0.65+0.02" 7.76 43.38+0.08*" 6.70+0.20¢ 2.24+0.02™
28 8.19+0.40% 0.73+0.00'%i 5.98 59.22+0.42" 9.80+0.00"¢ 2.25+0.01™
29 5.94+0.07kihs 0.88+0.00" 4.98 41.94+0.08° 9.40+0.00' 2.34+0.01"
30 5.24+0.17™! 0.90+0.01% 3.70 45.66+1.10" 8.47+0.06 2.40+0.02¢
31 6.17£0.31™" 0.70£0.01™ 5.30 43.02+0.42¢ 6.80+0.20" 2.35+0.00"
32 4.22+0.23° 0.73+0.00% 4.15 48.60+0.68™ 8.90+0.10% 2.20+0.03r°
33 8.93+0.22* 0.87+0.00 6.53 54.60+0.68 9.27+0.12m! 2.36+0.02¢
34 5.16+0.41™! 0.80+0.01™" 4.95 47.34+0.59" 9.80+0.20" 2.43+0.03¢
35 6.32+0.08"¢ 0.58+0.014 7.87 49.86+0.764 9.00+0.004 2.55+0.03¢
36 5.41£0.28™Ik 0.87+0.00° 4.13 47.94+0.08™™ 8.23+0.06" 2.52+0.02"
37 5.12+0.17™ 0.72+0.00™* 5.20 48.66+0.59™! 7.73+0.06" 2.44+0.01¢
38 5.87+0.26ki" 0.72+0.00™' 6.63 52.08+0.85™"¢ 9.90+0.10" 2.37+0.01"
39 6.38+0.23" 0.82+0.00" 3.36 48.66+0.76" 8.53+0.06" 2.11+0.03¢
40 4.52+0.19° 0.61+0.00° 5.85 37.98+0.76' 6.83+0.06" 2.40+0.01¢

i RIS RN TR R OR 22 57 B35 (p<0.05), TRl

Note: Different small letters in the same line indicates significant difference at p<0.05, the same below.
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Table 2 Characteristic values of principal components

s FAIE(E DR/ % HI TR A%
Principal component Eigenvalue Contribution rate Cumulative contribution rate
1 3.391 33.909 33.909
2 1.420 14.196 48.105
3 1.215 12.145 60.251
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Table 3 Principal component initial factor loading matrix

oy,
X, LT Single fruit weight 0.204 -0.139 0.068

X, RAIFEHL Fruit type index -0.175 0.161 -0.185

X, AT B Soluble sugar 0.157 0.274 -0.187

X, SR JE Total acidity 0.061 0.417 0.592

XM Sucrose 0.217 0.085 0.136

X, #i %8 Glucose 0.115 -0.465 0.312

X, &R Lt Sweet/acid ratio 0.202 -0.226 -0.289

X 42 C Vitamin C 0.152 0.315 -0.394

X, FJ ¥ [ JE 4 Soluble solids content 0.217 0.163 0.119
X, o4 Total phenols -0.150 0.097 0.174
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PE s AL 57 00 1 SR BRI, 385 R el (1) - A AL & e i, M 5.11%, 105 Fig el + 38
BT & HEAH0.90%

232 FREFEEMGIER G LT ARXERIPHEYEFERKWLTERICRZ —, WREHZ
IR FEERE . 35 FERE e 10 A R, M 983.29 mg kg, 2755 HARR [l B A R i
I, P AH 22 A A% # R AE MR Fr b 75 10 Km0 8 R U0 2 22—, 78 52 M S 5 5 Jo %6 T %
P2 25 T AR, o ] 39 B G Y L R 180.69~388.55 mg - kg5 355 H A el 4 48 A
e, N196.22 mg'kg_1 L4055/ h31.64 mg'kg_l( K3).

233 RRAEEHEREGIEMEALSE A0 FAERE AR & BEFH0.13~5.55 mg-kg ", 365
A ] - A SO A 5 S AV BE AR AR KT B SR TR | 45 R I - MR A PR A N S e R
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Table 4 Principal component factor scores of strawberry quality

e A= F 554 Principal component score ZAEMITY HeF
Code of strawberry farms Y1 Y2 Y3 Overall score Sort
15 0.98 0.23 1.35 53.05 1
20 1.27 -1.65 2.32 47.83 2
11 0.86 0.44 0.50 41.53 3
23 0.62 0.53 1.01 40.64 4
12 0.76 0.90 -0.08 37.66 5
33 0.41 1.72 -0.46 32.85 6
13 0.32 1.37 0.09 31.53 7
25 0.74 -0.18 0.72 31.29 8
24 0.41 0.91 0.26 30.17 9
26 0.31 0.45 0.77 26.39 10
29 -0.07 0.69 1.13 21.24 11
19 0.41 0.48 -0.03 20.54 12
30 -0.21 0.84 1.21 19.52 13
9 0.25 0.40 0.31 17.99 14
6 -0.07 -0.04 1.41 14.20 15
36 -0.32 1.14 0.73 14.07 16
1 0.87 1.03 -2.65 11.83 17
34 -0.18 0.35 0.67 6.90 18
3 -0.03 0.38 0.18 6.60 19
28 0.20 1.16 -1.51 4.94 20
8 0.27 -1.04 0.40 -0.94 21
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Table 5 Soil physicochemical properties in strawberry farms

RS AT /(grem™) Ry & BHLS/%
Code of strawberry farms Bulk density Saturated water content pH Organic matter
1 1.12+0.01* 46.07+1.01' 6.84+0.10%P 3.38+0.09¢
2 1.4520.01°% 37.49+1.11" 6.53+0.05h" 2.24+0.06™
3 1.29+0.03°™ 46.72+1.02 6.20+0.07mki 2.82+0.14¢
4 1.45+0.00f¢ 55.09+1.31¢ 6.23+0.04m1ki 4.08+0.14"
5 1.06+0.06! 62.37£2.254 6.37+0.20khe! 4.89+0.09°
6 1.20+0.05 64.36+1.62" 6.87+0.03 3.80+0.04
7 1.49+0.00° 39.20+1.01™ 5.70+0.08" 2.92+0.09¢
8 1.610.02" 37.35+1.15" 5.70+0.06" 1.65+0.03"
9 1.57+0.01" 40.81+1.00™ 5.93+0.05™ 1.16+0.02r
10 1.69+0.01* 39.97+1.43m 6.30+0.10khe 0.90+0.04»
11 1.25+0.03wr 52.66+2.02" 5.85+0.07" 3.50£0.12%
12 1.40+0.04hel 36.41+1.14° 5.49+0.03r° 2.23+0.05™
13 1.31£0.01! 45.99+1.68¢ 5.77+0.08 2.3920.12"
14 1.25+0.00r° 47.17+2.04k 5.38+0.08r 2.68+0.038"
15 1.28+0.05%" 40.30+1.70™ 6.47+0.01hel 3.510.67%
16 1.26+0.00%" 46.95+1.01% 6.14+0.07"k 2.09+0.04"
17 1.28+0.01aven 60.22+1.894 5.81+0.07" 2.94+0.07¢
18 1.47+0.014 37.41+1.31™ 5.52+0.68r 1.11£0.04r
19 1.4320.01hefed 35.00+0.81° 6.22+0.03mIki 1.770.04'%
20 1.35+0.00™ 46.95+1.71 6.24+0.01"ih 2.16+0.04™"
21 1.29+0.020m 60.99+2.01% 6.35+0.04khel 1.91+0.034
22 1.70+0.01* 45.01x1.16! 6.18+0.06"1k 1.26+0.01"
23 1.3920.03kihe 52.23+2.03¢ 7.37+0.08° 1.28+0.01"
24 1.30+0.01°™ 46.94x1.62% 6.47+0.07ihele 1.20+0.04r
25 1.38+0.02k 47.92+1.81% 6.57+0.04¢d 1.560.04™!
26 1.36+0.00'% 49.15+0.88i™" 6.43+0.08kihel 2.32+0.01"
27 1.23+0.01% 64.20+2.02" 5.93+0.01™ 1.34+0.05°™
28 1.4420.01#fede 60.59+2.27% 6.18+0.04m1k 2.23+0.04%"
29 1.360.01' 47.72+1.61% 6.74+0.05¢4> 1.4420.040mm!
30 1.350.03' 50.82+1.19" 6.17+0.04m1 1.27£0.04"
31 1.28+0.02v°" 62.60+0.94 6.93+0.01" 1.710.17%
32 1.34+0.00" 40.07+1.00™ 6.96+0.04" 1.63+0.04m
33 1.4+0.007h! 47.11+1.42% 6.89+0.03< 2.14+0.00""
34 1.350.06' 56.35+0.20° 6.48+0.08ihel 3.37£0.13¢
35 1.28+0.044apen 77.04£2.60° 5.95+0.08m! 2.37+0.46"
36 1.4420.00# 48.19+1.51% 6.83£0.01d 1.90+0.21%
37 1.23+0.01™® 53.17£2.02f 6.56+0.08:" 2.72+0.10%
38 1.04+0.00" 75.02+1.90* 6.18+0.03"ki 5.11£0.07¢
39 1.38+0.01%™" 57.42+1.08° 7.02+0.05" 2.43+0.09"!
40 1.58+0.02" 50.01+1.07%he 6.61+0.08 1.9420.04%
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Figure 3 Soil nutrient content in strawberry orchards
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Figure 4 Available boron content in strawberry orchard soil
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Figure 5 Exchangeable calcium and magnesium content in strawberry orchard soil
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Figure 6 Heat map of the correlation between strawberry fruit quality and soil quality
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