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Effects of tomato stem compost extract on tomato
growth and flavor quality

LI Qi', MEI Yanhao', LIU Qi', XU Xiaodong', ZHAO Fang' , GUAN Tongtong' ,
WU Yongjun® , YANG Zhenchao'”
(1. College of Horticulture, Northwest A & F University, Yangling 712100, China;
2. College of Life Sciences, Northwest A & F University, Yangling 712100, China)

Abstract In order to explore the application technology and effect of tomato stem recycling, tomato stem aerobic
fermentation extract (EX1) and tomato stem anaerobic fermentation extract (EX2) were used to culture tomato in
water, and Yamasaki nutrient solution was used as control (CK) to analyze the growth morphology of plant, fruit
nutritional quality and volatile compounds of tomato. The results showed that: 1) The plant height, stem diameter, leaf
area and biomass of EX1 and EX2 treatments were lower than those of CK treatmen. The soluble solids, sugar acid
ratio, soluble protein and vitamin C of EX1 and EX2 treatments were better than those of CK treatment, and EX2
treatment was the best; 2) The number of volatile compounds detected in EX1, EX2 and CK treatments were 39, 34
and 27, respectively; 3) The total contents of volatile compounds in EX1, EX2 and CK treatments were 1 403. 35,
1931.10 and 1 368.40 ;1g/kg, respectively; 4) The total amount of characteristic volatile compounds in EX1, EX2 and
CK treatments were 953. 82,1 256. 60 and 1 055. 06 pg/kg, respectively. The results showed that the growth of
tomato in hydroponic culture with tomato stem extract was slightly weak, but the culture could significantly improve the

fruit nutrition and flavor quality. In conclusion, this study, to a certain extent, provides method for the effective use of
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tomato stem, and a theoretical reference for other vegetable stem resource technology, which has broad prospects.

Keywords tomato stem; extract; hydroponics; flavor quality of tomato; GC-MS
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Table 1 Types and mass concentrations of macronutrients in each nutrient solution mg/L
Kkt & AR PR IR AR $E W LUy 055 5 SR
Macronutrients Aerobic compost extract Anaerobic compost extract Yamasaki nutrient solution
A A 12. 280 10. 510 236. 322

Nitrate nitrogen

AR 140. 000 80. 000 19. 251
Ammonium nitrogen
T S 7.000 7.000 46. 827
Available phosphorus
g 580. 851 663. 829 328.566

Available potassium

K2 BEFBHETENLNRERE

Table 2 Types and mass concentrations of microelements in each nutrient solution mg/L
MEITR AR RA =AW Ly ik 3 7 YR

Microelement Aerobic compost extract Anaerobic compost extract Yamasaki nutrient solution
B Fe 0.500 0.790 20. 000
ffi Mn 0.074 0.110 1.300
fill B 0.610 0.690 2.860
BE Zn 0.120 0.130 0.220
1 Mo 0.012 0. 009 0. 020
i Cu 0.028 0.028 0. 080

R3 BEFREEBRMENRERE

Table 3 Types and mass concentrations of amino acids in various nutrient solutions mg/L
AR AR KA R Ly i 3 R W
Types of amino acids Aerobic compost extract Anaerobic compost extract Yamasaki nutrient solution
KRE&FHWR Asp 7.79 7.59 —
R R Thr 2.71 2.92 —
22 5 R Ser 2.43 2.82 —
HHAIR Glu 6.63 7.66
H&Em Gly 8. 85 8.02 —
NEM Ala 3.79 4.09 —
WML Val 1.85 1.84 —
s Cys 1.37 — —
RILTNZ R Phe 11. 83 8.52 —
2R Lys 1.70 1. 99 —
&R Arg 2.03 1.94 —
i &R Pro — 2.44 —
HAEMR His 2.74
Bt Total 53.72 49. 83 —

s FR AR Y. TR

Note: indicates that the substance was not detected. The same below.
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Table 4 Tomato morphology, biomass and yield under different treatments

b # 15 /cm 2 /mm W1 R/ em” LYt/ g =HER 4/ (kg/667 m*)
Treatment Plant height Stem diameter Leaf area Dry weight Part of the production
EX1 85.20+0.95 a 9.2340.16 b 15.9240.58 b 32.59+2.98 b 1973.594+18.12 b
EX2 84.20+0.40 a 9.5840.27 b 16.5540.83 b 39.05£0.75 b 1877.654+28.71 b
CK 84.93+1.00 a 11.0240.21 a 27.42+1.41 a 62.9140.35 a 2922.49%34.98 a
[ FER 5 AS W /NG SR 08 22 53 i 3 (P<<0.05), £ 5 F16 ],

Note: Different lowercase letters in each column indicate significant differences (P<<0. 05). The same as in Table 5 and 6.

x5 BLETEMEGHY

Table 5 Photosynthetic characteristics of tomato under different treatments
e Holt A R/ 7 R/ Ml CO, W/ SALFEE/
(pmol/(m* * ) (mol/(m” + $)) (prmol/mol) (mol/(m® * s))
Treatment
Pn Tr Ci Gs
EX1 7.6753+0.1124 b 0.009 50£0.000 28 a 306.362 44+4.2357 a 0.643 3040.050 54 b
EX2 7.642 5+0.528 5 b 0.009 60£0.000 71 a 325.809 84+4.899 0 a 0. 645 8040.000 28 b
CK 17.761 240.984 2 a 0.010 80=£0.000 49 a 286.461 016.762 4 b 0.890 5040.082 38 a
Ko ERETENNRIERAR
Table 6 Nutritional quality of tomato fruit under different treatments
Al Pk . AR A/ MR/ HEF C/
b s ) /% R
Y/ % ) ) ) (mg/g) (mg/kg) (mg/100 g)
Treatment Total acid Sugar acid ratio
Soluble solids Soluble protein Nitrate nitrogen Vitamin C

EX1 4.90040.000 b 0.42040.017 a 11.70740.484 a 0.727+£0.069 b
EX2 5.333£0.033 a 0.393£0.009 a 13.574£0.325 a 1.07340.047 a
CK 3.867+0.033 ¢ 0.410£0.029 a 9.432£0.549 b 0.64340.177 b 232.931460. 169 a

229.268136.606 a

282.565415.549 a

47.2561+4.145 b
62.15242.285 a

39.46442.761 ¢

2.3 EBERAENBFMRIELZEVRHZIE
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38.67% E VI R-2-C M . (ELED-2,4-38 I
i TR 52 - 2- 2 s T A T 25 ) o v o Ll A K s R 2 Yy o
L DL EX2 AN R
Hop DL 6-H 35-5- P Mi-2- 5 B v 32 79 1 R o 9 K
PEY) T o LK BEZE W b EXT A EX2 43435

R R, BOCK AR B8 m

B CK 4bBsam 4. 43%,



52 hOE R R R 2021 4F % 26 &

R7T BRETEMRIEBLZUEMERMS S

Table 7 Analysis of volatile components in tomato fruits under different treatments

2 AW B 4y feet e R

7 V) i min ~

Volatile components Chemical Retention st RAl content

formula 4 e EX1 EX2 CK

[ES
1 CsHp, O 4,81 901 904  249.48412.58 ¢ 325.82419.31 b 387.07+7.11 a
S -2- O s T CeH,00 6.36 933 935  351.02413.08 b 447.77423.87 a 415.12418. 61 ab
B C;H., 0 7.88 868 878 7.7040.26 a 6.1840.36 b 3.8740.67 ¢
S -2-3F W CsH, O 13.03 866 867  107.96+5.56 b 207.79+5.20 a 43.50=£0.88 ¢
T C,Hi O 14.39 904 914 9.5240.38 a 9.7540.63 a 6.4640.42 b
2 -2- T C,H;sO  16.09 903 925 8.7140.74 a 9.33+0.95 a 3.4640.46 b
i CiwHyO  17.44 836 870 4.8140.70 a 5.49740.59 a 2.4140.23 a
B Hy A T CiwH, O 17.79 880 907 4.374+1.13 a 5.82740.92 a 4.2640.75 a
(E)-Frig s CwHi; O 19.20 922 925 3.5940.86 a 3.38%£1.04 a 5.33+£1.01 a
Ty T CiwHis O 18.37 837 860 12.10£1.08 a 11.4840.84 a 14.7941.01 a
S -2-2% W 1 CiwHisO  19.04 917 965 8.5041.16 a 14.3142.04 a 9.46+3.11 a
(E.E)-2.,4-2% &M C H,, O 20.02 879 918  184.40423.57 b 305.54416.08 a 150.73+20.64 b
R, R-2.4-BF T G, HL,O o 11,59 804 843 0.9740.12 a 1.4640.31 a 1.8640.29 a
-2 9 U C;H,0 9.70 937 958 40.67£5.19 b 66.43+2.21 a —
1E 2 i CsH,s O 11.19 819 837 3.7040.33 b 7.74740.48 a —
-3 HEm-1- CGH,O  12.04 838 911 7.8741.22 — —
FH i
[ -2- [0 T G, H; O 3.68 894 899 2.0140.38 b 3.8540.67 a —
2- 7 - 4- I 04 1 C1H,0 4. 34 802 849 0.7340.08 — —
3-H1 3-2- T Mt C; Hs O 4.03 839 892 0.8540.11 — —
2-+— I CyH,O  21.83 832 903 2.4340.41 b 4.52740.46 a —
+ Ci, Hy, O 2.65 831 908 — 17.0241.12 —

S
6- 1 -5 B H-2- il sHLO 10062 912 953 74.1047.23 a 95.0043.79 a 96.3948.57 a
B 3 P CisHp O 23.97 912 912 56.36+3.83 b 93.21410.20 a 87.9444.69 a
B-5 % 24 CisHy O 24.74 926 927 4.5240.33 a 6.55+1.25a 6.3940.42 a
2 J8 HE B CisHy O 34,33 882 885 2.8140.52 b 2.9370. 64 ab 4.6740.31 a
1- 1 J-3- 1 C; Hs O 2.73 835 870 8.50+0.43 a 7.7140.55 a
4-[2,2,6-=H %-7-
e - Ci3Hy O,  24.81 879 905 2.2340.15 a — 1.3040.21 b
Ak I[4. 1. 0] B
1-3 1-3-T 42~ il

RS
1-7% P C;Hy, 0 3.92 853 903 2.9340.39 b 6.08%0.64 a 2.7340.28 b
1E C B CsHy, O 6.87 861 873 32.5643.58 b 22.6341.69 b 44,84+3.77 a

1-2¢ J - 3- CsHisO 10. 48 836 882 6.11+0.25a 4.4240.44 b 1.27+0.37 ¢
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*7(ED
LY A7V feet - e
T+ It min
Volatile components Chemical Retention StRsl content
formula time EX1 EX2 CK
6-FIJL-5-FEds-2-BE  CoHy O 10.90 909 938 17.17£2.08 a 17.8241.50 a 23.7943.73 a
2-C BRe-1-BE CsHy, O 6.09 813 861 4.25+0.58 ab 5.2241.40 a 1.4940.34 b
i -3- 2 s Pt CsHy, O 6.59 924 938 34.5644.40 b 56.9142.90 a —
-2~ -1 T CyHis0 13.32 828 874 1.4740.22 — —
BE £
S 1R R g CoHy5 0, 14.97 858 897 3.05%+1.80 — —
K A% 8 P i Cs Hy Oy 17.06 925 931 68.40+5.21 a 71.62+4.05 a —
& %
3L H-1,4-8 20 Cs Hy, 11.57 819 912 1.45+0.29 a 0.82+0.17 a —
E S
2-5 T BEWEmE C;HuNS 12,13 915 930 22.87+1.04 b 34.39+2.88 a 19.03+1.15 b
TH CiwH,0,  21.52 927 933 — 29.5843.62 a 7.0241.09 b
2-1F 3 B 1K R CyHy, O 10.74 873 906 11.68+1.34 b 22.5242.73 a 10.23+1.05 b
pugelE N C; Hs O, 21.51 940 940 36.92+11.93 a — 12.98+1.88 b
Bt Total 1403.35+60.45b 1931.10+38.96a 1368.40+59.01 b

- STR RSI 43 31 26 71 15 VG e B A1 52 DG i B L i KB A 1 000, 15 2 DG it BE 78 800 LA b i, R E5 ] {5 . AT B 5 AN Rl/NG 1/ R 2
SR FE(P<0.05), £ 8MIH,

Note: SI and RSI indicate positive match degree and inverse matching degree, respectively. And its maximum value is 1 000. When the

positive and negative matching degree is above 800, the result is believable.

differences (P<<0.05). The same as in Table 8 and 9.

R BRETENRISEEZNEVRLGENEMNSE

Table 8 Total volatile matter content and relative content of tomato fruits under different treatments

Different letters in each line indicate significant

EX1 EX2 CK
; PP PP NPT
fyi“ G/ g/ k) *Hgf‘f/ P R ek *ﬁijff/ 0 /b *ﬁﬁf‘i/ &
Content Content Content
content content content

IS 1011.39461.44 b 72.07 1 453.67£67.00 a 75.18 1048.32443.10 b 76. 61
Aldehyde
UEES 148.53+6.03 b 10. 58 205.40+7.15 a 10. 54 196.68+2.94 a 14. 37
Ketone
i 99.0545.93 a 7.06 113.09+6.22 a 5.76 74.1248.70 b 5.42
Alcohol
FES 71.4649.48 a 5.09 71.6248.21 a 3.70 — —
Ester
Ve 1.4540.29 a 0.11 0.8240.17 a 0.42 — —
Hydrocarbon
EES 71.47+5.23 b 5.09 86.5042. 64 a 4. 40 49.2742.24 ¢ 3. 60
Unclassified
JES2) 1 403.35460.45 b 1931.10438.96 a 1 368.40459.01 b

Total
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B CK b # i 33. 63 %0 F1 52. 58 %, (5 LA K Y )2
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Cluster analysis of volatile compounds in tomato under different treatments
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Table 9 Characteristic aromatic components and contents in tomato fruits under different treatments
AR R MW B R S WEL BT 4 34 it/ (pg/kg) Content
Volatile components  Olfactory description EX1 EX?2 CK
1F O HH 249.48412.58 ¢ 325.82419.31 b 387.07+7.11 a
2 -2-C 4 R 351.02+13.08 b 447.77+23.87 a 415.12+18.61 ab
Tl A 9.52+0.38 a 9.75+0.63 a 6.46+0.42 b
5% & A 4.8140.70 a 5.49740.59 a 2.4140.23 b
(E)-Fri P 3.5940.86 a 3.38+1.04 a 5.33+£1.01 a
Ty T T 12.10%1.08 a 11.487+0.84 a 14.794+1.01 a
L -2-3% Y T A 8.50+1.16 a 14.31£2.04 a 9.46+3.11 a
B2 R T HE 40.674+5.19 b 66.43+2.21 a —
-2~ I3 J T HE 2.0140.38 b 3.85+0.67 a -
6- I -5 4 -2- i At R 74.10£7.23 a 95.00£3.79 a 96.39+8.57 a
7 I 5L TN R HHALE 56.36+3.83 b 93.21£10.20 a 87.94+4.69 a
B4 % P 4.5240.33 a 6.55+1.25 a 6.3940.42 a
2% Je 5L R eI 2.8140.52 b 2.9340. 64 ab 4.6740.31 a
1~ 4 -3~ i A A R 8.50+0.43 a 7.71+0.55 a
I -3- 2 s Pt HH 34.5644.40 b 56.9142.90 a —
K 2 g K& HME 68.4045.21 a 71.6244.05 a
2-5 T FLmEmE & 22.8741.04 b 34.394-2.88 a 19.0341.15 b
Bt 953.82430.52 b 1 256.60448.97 a 1055.0635.78 b

Total
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