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7.2, A 27.65 mg/kg, MR 12.5 mg/kg, WP RL(>0.02~
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Fig. 1 Test soil column structure diagram
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Table 1 Design of experiment of tomato under
rain-shelter cultivation

AR I T K A )

, : s A
SE 2 Treat E% BRI K Groundwater depth during whole
ments Biochar content/% .
growth period/cm

Tl 0 -80CHHD

T2 0 -40G357K)

T3 3 -40

T4 5 -40

T5 10 -40

AR AT AN R 4 dWE 1 IRCE IS KA AR T 0] £ K R 80%

NS BEAT HEZKHE 7K F A FH )RR 7K o

Note: During whole growth period of tomato, soil water content is measured every 4
days. When the soil water content is lower than that of the field, irrigation is carried

out, and the upper limit of irrigation is field water-holding capacity.
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Table 2 Tomato yield and water use efficiency under different biochar treatments
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o HL 3T A= 49 2 it o s Ak BTIAI T 3 50 5 /K A= A s, 1
TS AR B T2 7 B E N 56.7%; K 23 R AR 42

K s K3 R
42 Treatments . . 5 . 5
Water requirement/mm Yield/(t-hm) Water use efficiency/(kg-m)
T1 296.61+0.75a 142.634+3.59ab 48.09+1.24b
T2 218.47+1.48b 100.05+7.06b 45.79+3.06b
T3 188.53+0.35¢ 118.87+12.05ab 63.04+6.01b
T4 165.57+0.47d 134.36+9.40ab 81.13£5.19ab
T5 155.75+1.15¢ 156.77+29.67a 100.85+18.67a

TE P 1) 0 3 O ST IR BB AR 22 [7) el T AN ) 7 RER R AE 5% K 22

Note: The data in the table are the mean=the standard error of 3 replicates. Values in a column followed by different letters indicate significant difference (P<0.05).
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Table 3 Appearance quality parameters of tomato fruits under different treatments and waterlogging stress

4b B Treat- R TR FLALARR R PO ik 14 R
ment Single fruit weight/g Single fruit volume/cm? Fruit weight density/(g-cm™) Fruit shape index Fruit color index
T1 115.10+14.38a 102.16+17.12a 1.05+0.12a 0.90+0.02a 37.73+0.56a
T2 96.57+6.44a 88.61+6.96a 1.09+0.01a 0.79+0.03b 39.08+1.44a
T3 101.21+9.80a 94.90+4.12a 1.07+0.08a 0.83+0.01a 38.10+1.49a
T4 106.45+10.93a 100.68+12.03a 1.07+0.12a 0.84+0.01a 37.34+0.76a
T5 107.99+5.91a 107.33+7.60a 1.02+0.11a 0.85+0.02a 37.97+0.91a

222 fEIRGIRAT
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4 7R e T2AN T8 RUTCIEUK AR EE , JERT PR Tk [
VIR HLIR 75 53 0l f 35 FRAIG T 24.1%418.1%1.30% (P<
0.05), M0 4EA: 25 C RBER LE 2 AN B35 (P>0.05). K

IR AR 5 30705 5% b TR AR 1 et A e () 14
T X5 S A 2510 A0 — 30 b 10% A4 i
IR TS AL BEBRBERR LE A1, HonT s ViR R A
PR i A= 2 C & 38 5 TC AR N 1) T2 A B A7 AE W 2%
ZESE R T 28.5%113.1%.45.7% F114.0%(P<0.05) .
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Table 4 Nutrition quality parameters of tomato fruits under different biochar treatments and waterlogging stress

ALV ERE AR ) AN e C B L
Ak P Treatment . . . . .
Soluble sugar/% Soluble solids/% Organic acids/(g-100g™) Vitamin C/(g-100g™") Sugar /acid ratio

Tl 4.57+0.17a 5.52+0.09a 0.50+0.01a 12.34+0.24b 9.16+0.43a
T2 3.47+0.25b 4.5240.14¢ 0.35+0.01c 11.82+0.19b 10.15+1.19a
T3 3.744+0.18b 4.64+0.03c 0.41+0.01b 12.04+0.19b 9.21£0.53a
T4 4.05+0.23ab 4.9140.05b 0.48+0.01a 12.26+0.06b 8.51+0.25a
T5 4.46+0.27a 5.11+0.05b 0.51+0.01a 13.48+0.16a 8.55+0.39a

2.2.3 ATfEiE SR R0 %R

T 7ot R S A e T GO B A A7 i R v i T
fith R 1 2 2 7 o R CR A S 2 S IR A I AN [+
A PR A SRS PR Ol . A b SRSl T B I
Vi) A F% 55t TS 338 O i el /I B R AR S BB 1 ORSR 95 I A
B/, 55 3 URCR Al A R S e, g e R S B R S AR B
X 1] BE A H T 0 AT B R R A AR A TE TR AR K
S AR IS B b i R OK, B T K S BH O [ I 2R
A I AR T A, AR AR A 52 B, S S A

2N 5 i S 3 A A A B A A I B T T A, R SR
F&E Bl 22 A K, B 5 WA B R 2R, AR A AR K 1 e 42
b, RS EE A BT N . AHEE T T1ALBE, K bl
N T S SR R N B N AR Wk a2 on R
B A= 4 i 0 T 2 1) 16 22 T K
2.2.4 F kNS T RIS R E R 2T

h A VA 3 0 o I, A I TR IR 5 R A
BURTEFR % RO TR FE SOl L ] i PR ] i 1k [ B
YA LR 4 A 25 C FIBERR LE 10 VP FR R BEAT 3 sy



ARG S < AR S I iR K A A1 78 00 R 50

=)

163

55193
3.51 —a—TI1
~ —o—T2
:e s
] —v—
:03.0 —T5
i
B 22.59 \
8 t
o
= 5201 \
2151 /
06-08 06-14 06-19 0625 07-05
H 1
Date

T A ERARR PR R (R 4 3) 6
Note: Error bars indicated standard error(Sample size is 3).
B 2 R &4 F 56 An 2% g 50K a8 s R 52 AR B 6 % e
Fig. 2 Effects of biochar application on fruit hardness to alle-
viate waterlogging stress
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Table 5 Eigenvalue, contribution rate and cumulative contribution rate of internal and external quality principal components

PN BT Internal quality

HNEB & T External quality

%y

p . R TTHRZE FALAH [ BFTTHRR
Component L DR U . # %{ f TR i . #
. o . Cumulative Eigenvalue L R Cumulative
Eigenvalue Contribution ratio/% o . Contribution ratio /% o .
contribution ratio/% contribution ratio/%
C, 3.04 60.88 60.88 2.40 47.96 47.96
c, 1.13 22.49 83.74 1.39 27.80 75.76
C, 0.58 11.62 94.99 0.76 15.10 90.86
C, 0.23 4.66 99.65 0.26 5.17 96.04
Cs 0.017 0.35 100 0.20 3.96 100
F 6 FEILIBHIZE A AN ER @R BT 25 R
Table 6 Evaluation results of internal and external quality of tomato under different treatments
qb g PR35 5 Internal quality AR & T External quality
Treatment c, c, c F B HEFF Rank c, c, c, F B HEF Rank
T1 1.534 0.526 -0.958 0.99 3.49 2 1.222 -0.141 -0.62 0.45 1.94 1
T2 -2.458 0.248 0.122 -1.50 1.00 5 -1.433 0.314 0.75 -0.49 1.00 5
T3 -1.242 -0.232 0.044 -0.85 1.66 4 -0.559 0.001 0.15 -0.25 1.24 4
T4 0.235 -0.495 -0.219 0.01 2.51 3 0.101 -0.271 -0.21 -0.06 1.43 3
T5 1.930 -0.047 1.012 1.35 3.85 1 0.669 0.097 -0.06 0.34 1.15 2

Y FOREES S s B A AARR L4 5 1 32y« Note: F is principal component; B is principal comporlent after coordinate transformation.
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Table 7 Original data of tomato comprehensive evaluation
J Uk Bk Original data FrvEAL i Standardized data
Ab ¥ Treatment
Bl B2 B3/(t-hm?) B4/(kg- m) Bl B2 B3 B4
Tl 3.49 1.94 142.63 48.09 0.87 1 0.75 0.04
T2 1 1 100.05 45.79 0 0 0 0
T3 1.66 1.24 118.87 63.04 0.23 0.26 0.33 0.31
T4 2.51 1.43 134.36 81.13 0.53 0.46 0.61 0.64
TS 3.85 1.15 156.77 100.85 1 0.88 1 1

T BURER ARG BiLi 5 F80r ;s B2 ARRAMR i B2 5 0 B3 3" ik B4 AR IR

Note: B1 is comprehensive principal component of internal quality. B2 is comprehensive principal component of external quality, B3 is yield and B4 is water use efficien-

cy (WUE).
A8 F itz A E
Table 8 Weight of tomato comprehensive evaluation
foki BUIE Weight LRE IR
AU Wi TR Comprehensive

Index Analytic hierarchy process Entropy weight method weights

B1 0.55 0.29 0.58

B2 0.27 0.29 0.28

B3 0.12 0.24 0.10

B4 0.06 0.19 0.04

k9 BRI FNERAHS
Table 9 Comprehensive evaluation results and ranking of
each treatment

Qb3 Treatment PPN {E Evaluation value HEJ¥ Rank
Tl 0.863 2
T2 0 5
T3 0.252 4
T4 0.522 3
T5 0.967 1
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Biochar application improving yield and quality of tomato
suffering from waterlogging stress

Shao Guangcheng', Wu Shiging', Fang Kai*, Huang Doudou’, Yao Huaizhu*
(1.College of Agricultural Engineering, Hohai University, Nanjing 210098, China;2. Water Conservancy Bureau
of Sugian, Sugian 223800, China; 3. Jinping Street Office of Fenghua District,Fenghua 315500, China;
4. Jiangsu Rural Water Resources Science and Technology Development Center, Nanjing 210029, China)

Abstract: Tomato has become one of the most widely grown vegetables in China due to special nutritive value of its fruit, while water-
logging stress has significant negative effects on tomato yield and quality, a long-term problem facing agricultural production in south-
ern China. In order to explore the means to support the high quality and efficient production of tomatoes, and the possibility of improv-
ing crop quality by adding biochar to the soil under waterlogging stress, we conducted soil column test in the Water-Saving Park (WSP)
of Hohai University (31°57'N, 118°50'E) in China, from March to August in 2017 to reveal the effect of different biochar application
rates (3%, 5%, 10%) on tomato yield and quality. A total of 5 treatments designed included T1 (the control without waterlogging), T2
(waterlogging), T3 (3% biochar application), T4 (5% biochar application), and T5 (10% biochar application). T1 represented convention-
al planting with groundwater depth of -80 cm. Treatments of T2-T5 were the application of 0, 134, 227 and 480 t/hm? biochar to the soil
affected by waterlogging with groundwater depth of -40 cm, respectively. Effects of biochar application on yield and water use efficien-
cy (WUE) of tomato were studied. The quality indices, such as, single fruit weight, single fruit volume, fruit shape index, fruit color in-
dex, soluble sugar, soluble solids, organic acids, vitamin C and fruit hardness of tomato fruit, were also measured. Finally, the 5 treat-
ments were evaluated based on indices of yield, WUE and fruit quality of tomato. By comparing T1 and T2, we found that: 1) waterlog-
ging stress could significantly decrease water requirement and deteriorate fruit quality, but didn’t significantly affect yield and WUE (P>
0.05); 2) there was a significant decrease in soluble sugar, soluble solids and organic acids content, by 24.1%,18.1% and 30% (P<0.05),
respectively. However, the external quality indices such as single fruit quality, single fruit volume, and single fruit density were not sig-
nificantly (P>0.05) decreased under waterlogging stress. Increasing biochar application to 10% could increase water use efficiency of to-
mato suffering from waterlogging stress. In addition, it could also significantly improve fruit internal quality, such as soluble sugar, or-
ganic acids and vitamin C content. Compared with T2, all the biochar treatments markedly increased organic acids. Moreover, treat-
ments with 5% and 10% addition biochar application amount significantly increased soluble solids. After the principal component analy-
sis of quality index, we found that the comprehensive principal component scores of external and internal principal components of quali-
ty enhanced with the increase amount of biochar application in soil. By mean of comprehensive evaluation method, the treatments
ranked from high to low by T5, T1, T4, T3 and T2. The treatment with 10% biochar application in soil had the highest evaluation value
with the comprehensive consideration of high yield, water-saving capacity and high quality of tomato under different treatments, while
the treatment under waterlogging stress without biochar application had the lowest value. The research provides valuable information
for good quality and high efficient production of tomatoes in the areas prone to waterlogging stress, such as the south of China

Keywords: biochar; waterlogging stress; principle component analysis; tomato; quality; yield



