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Substitution of 1/2 chemical N input with swine manure and straw increases
the nutritional quality and species and contents of volatile
substances in tomato fruit
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Abstract: [ Objectives ] We investigated the effect of partial substitution of chemical fertilizer with swine
manure and straw on the nutritional quality and volatile substances of tomato fruit to provide basis for high quality
tomato cultivation. [ Methods ] Swine manure and/or straw were applied with chemical fertilizer in ratio of total
N input of 1/4 and 1/2. All treatments had the same amount of N, P and K input. The fruit nutrition, volatile

species and their contents affected by treatments were analyzed after 9 years continuous application of the
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fertilizers in a solar greenhouse. [ Results ] The use of swine manure or straw with chemical fertilizer
significantly decreased the concentrations of fruit fructose, glucose and lycopene, but did not affect the
concentrations of fruit nitrate, Vc and titratable acid. However, the combination of both manure and straw with
chemical fertilizers not only did not decrease the nutrient quality, but also improved the fruit aroma. Treatments
contained swine manure accumulated more fruity and floral aroma volatile species at higher concentrations, for
instance 2-isobutylthiazole, B-ionone, 3-methylbutanol, 3-methylbutanal, 6-methyl-5-heptene-2-ketone and E-2-
hexenal. Some of these volatiles, such as 3-methylbutanol, 6-methyl-5-heptene-2-ketone, 3-methylbutanal, 2-
isobutylthiazole, B-ionone showed an upward tendency with increasing swine manure substitution ratio.

[ Conclusions ] Swine manure and straw substituted for 1/2 chemical N could improve tomato fruit aroma
without significant decrease of nutrient quality under long-term substitution of swine manure and straw for
chemical fertilizer. Swine manure benefits for the accumulation of more fruity and floral aroma volatile species at
higher concentrations, for instance 2-isobutylthiazole, B-ionone, 3-methylbutanol, 3-methylbutanal, 6-methyl-5-
heptene-2-ketone, especially when it combines with maize straw. More than 30 volatiles are detected in the fruit,

and 12 of them are above the average contribution to the variation among treatments. E,E-6,10,14-trimethyl-

5,9,13-pentadecatrien-2-one and 2-methyl-4-pentenal are the two volatiles with the highest contributions.

Key words: swine manure; straw; chemical fertilizer substitution; nutrition quality; tomato volatiles
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Table 1 Annual input of NPK nutrient from different fertilizer sources in each treatment

AKIE Chemical fertilizer

$#2% Swine manure FEFT Straw

Qb3
Treatment N P K N P K N P K
4/4 CN 1050 229 934 0 0 0 0 0 0
2/4CN + 2/4 MN 525 51 661 525 178 273 0 0 0
3/4 CN + 1/4 MN 788 140 797 262 89 137 0 0 0
2/4 CN + 2/4 SN 525 168 234 0 0 0 525 61 700
2/4CN + 1/4 MN +1/4 SN 525 109 447 263 89 137 262 31 350

1 (Note) : HALHAEBHNFE AL RN N 1050, P 229 and K 934 kg/hm? The total input in all the five treatments were N 1050, P 229
and K 934 kg/hm?; &340 BRACHE iR A 434038 Z IR FL R The fraction in treatment code represents the ratio of N source; CN—fLJE % N from
chemical fertilizer; MN—J# 3% N from swine manure; SN—F5FF%( N from maize straw returning.
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Table 2 Tomato fruit nutrition quality indexes and their analysis of variance
Qb b (mg/g) HIEWE (mg/g) AVEERR (%)  BALE (mg/100g) Ve HARES (mg/kg)

Treatment Fructose Glucose Titratable acid Lycopene (mg/g) Nitrate
4/4CN 142 a 16.1a 0.47 047 a 134.4 133.3
2/4CN+2/4MN 11.6 be 12.5¢ 0.49 031d 112.0 131.6
3/4CN+1/4MN 9.7c¢ 10.7d 0.60 0.29¢ 130.2 117.2
2/4CN+2/4SN 12.1b 13.6 be 0.59 0.33¢ 139.2 112.1
2/4CN+1/4AMN+1/4SN 12.3 ab 14.1b 0.56 040b 134.4 130.4
P {H P value 0.0112 0.0002 0.4128 <0.0001 0.4456 0.4923

1 (Note) : HALHAEBHNFE AL RN N 1050, P 229 and K 934 kg/hm? The total input in all the five treatments were N 1050, P 229
and K 934 kg/hm?; B HFACAS H (14380388 N JE Y EL 2 The fraction in each treatment code represents the ratio of N source; CN—fLEZ N
from chemical fertilizer; MN—J# %% N from swine manure; SN—F%FF%( N from maize straw returning. [R5 5 A Rl/NG 71 2R A0 BR B 7E
0.05 /K245 5.3 Values followed by different small letters in a column mean significant difference among treatments (P < 0.05).
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Table 3 Compound number in each category of volatiles in tomato fruit under different treatments

AbFR Treatment 5% Aldehydes M2 Ketones B2 Alcohols 5% Easters H¥ Others 3+ Total
4/4CN 12 8 2 2 7 31
2/4CN+2/4MN 13 9 3 4 4 33
3/4CN+1/4MN 12 7 3 2 6 30
2/4CN+2/4SN 11 8 3 2 6 30
2/4ACN+1/4SN+1/4MN 12 9 2 3 6 32

7 (Note) : KPR EBHNFE AT A N 1050, P 229 and K 934 kg/hm? The total input in all the five treatments were N 1050, P 229
and K 934 kg/hm?; AL ERARAD A 2380357~ N R R The fraction in treatment code represents the ratio of N source; CN—fUAEZL N from
chemical fertilizer; MN—J£38 % N from swine manure; SN—F45FF4( N from maize straw returning.

T4 BENBHEABOUREEMRIFHELMEYNRSE

Table 4 Content of volatile compounds in tomato as affected by partial substitution of swine
manure and straw for chemical fertilizer

Y X} F i Relative content (ng/g)
Volatiles 4/4CN  2/4CN+2/4MN  3/4CN+1/4AMN  2/4CN+2/4SN  2/4CN+1/4MN+1/4SN

E-2-CV /4T E-2-Hexenal 3019.5 2603.2 2889.3 2338.4 3770.4
2-F -4 )R 7510 2-Methyl-4-pentenal 961.4 1482.8 1316.4 1399.7 1317.0
B-6,10- =259+ —~—/h-2- 136.3 128.1 165.1 76.9 134.1
E-6,10-Dimethyl-5,9-undecadien-2-one
6-F H-5-Pf-2- 6-Methyl-5-hepten-2-one 111.3 139.6 140.4 108.7 171.1
E-4-58f%-2-J%% E-4-Oxohex-2-enal 64.2 123.2 125.0 120.4 129.3
22— B-FIWAE 58.9 117.2 103.1 101.2 73.4
2, 2-Dimethylpropanoic anhydride
2-5 T HEMEME 2-Tsobutylthiazole 89.6 92.5 97.1 55.4 104.1
E,E-2,4-C. MM E,E-2,4-Hexadienal 45.0 51.9 315 46.3 29.5
3-HEL T 3-Methylbutanol 26.2 56.3 314 21.4 33.7
-1 %t 1-Dodecanol 27.1 51.6 27.9 68.8 45.7
B-%% *:fifi] B-Ionone 389 326 435 20.4 47.1
T-f#% Nonanal 30.8 47.6 11.5 11.4 66.3
E,E-6,10,14-=F13%£-5,9,13- Fo.filk = J5-2-fll 374 - 314 137 0.1
E,E-6,10,14-Trimethyl-5,9,13-pentadecatrien-2-one
FOR M TR L L EE Oxalic acid, allyl pentyl ester 322 23.0 532 19.3 312
B3R E26-F R 203 228 30.9 18.4 30.4
E- 3,7-Dimethyl-2,6-octadienal
E-2-41 E-2-Octenal 25.3 19.6 16.1 9.9 24.4
1-7%4#-3-F 1-Penten-3-one 22.7 18.7 18.6 16.8 17.6
E-2-3 /il E-2-Pentenal 18.2 16.6 16.6 15.8 14.1
2-Z. 3L IR 2-Ethyl furan 11.3 21.1 149 12.1 16.1
3,3,6-=H13&-1,5-5F —Jis-4-filil

142 149 12.4 12.9 13.6

3,3,6-Trimethyl-1,5-heptadien-4-one
3-FHIL T 3-Methylbutanal 6.6 11.4 14.0 5.6 8.6
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%3¢ 4 Table 4 continued
RV AT £ i Relative content (ng/g)
Volatiles 4/4CN  2/ACN+2/4MN  3/ACN+1/4AMN  2/4CN+2/4SN  24CN-+1/4MN-+1/4SN
%4 Decanal 16.5 28.9 8.0 5.6 21.0
2.6,6-= - 1 FROM-1- e 9.2 9.8 12.0 58 12.0
2,6,6-Trimethyl-1-cyclohexene-1-carboxaldehyde ’ ’ ' ' '
1-P#fi-3-1 1-Hepten-3-one 6.6 8.0 0.0 5.8 7.0
2-H 3L 2-TIAMEE 2-Methyl-2-butenal 0.0 7.6 0.0 0.0 0.0
E-2-P##i% E-2-Heptenal 51.6 0.0 0.0 0.0 0.0
2,6-% (1,1- —H 3L 2.55)-2,5- 3R 2 —His-1,4- 128 368 138 0.0 197
2,6-Bis(1,1-dimethylethyl)-2,5-cyclohexadiene-1,4-dione ’ ’ ’ ’ ’
Z-2-F —J# 1% Z-2-Dodecenol 0.0 9.7 0.0 0.0 0.0
2R - T 0.0 29.2 0.0 0.0 16.1
2-Methyl-propanoic acid- butyl ester ’ ’ ’ ’ '
TR Z T Ethyl acetate 0.0 222 0.0 0.0 0.0
TR-2-H 3E-1-T TR Acetate-2-methyl-1-butanol 0.0 10.8 0.0 0.0 0.0
JK %R i Methyl salicylate 325 0.0 26.8 583 17.7
T H AR Dimethyl palmitamine 32.0 0.0 0.0 0.0 0.0
N-I3HRR 225 P LA 5.8 0.0 0.0 0.0 0.0
N-Morpholinomethyl-isopropyl-sulfide ’ ’ ’ ’ '
4Nk 2,1 4-Morpholineethanamine 53.4 0.0 0.0 0.0 0.0
4-HIHE-1-(1-F 3L 2 55)-X0A[3.1.0] & -2-4 00 00 523 162 "
4-Methyl-1-(1-methylethyl)-bicyclo[3.1.0]hex-2-ene ’ ’ ’ ’ '
361N 2 I IO 0.0 0.0 10.8 23.4 18.0
3-Methyl-6-(1-methylethylidene)-cyclohexene ’ ’ ’ ’ '
Z-2-PEffili Z-2-Heptenal 0.0 425 40.4 0.0 41.6
312 Octanoic acid 0.0 0.0 0.0 0.0 0.0
2-7.3: 0. 2-Ethylhexoic acid 0.0 0.0 0.0 39.2 0.0
2,6-% (1,1- - H 3L 2. 55)-4- 383 -4-F 32 53R 2 M-
1-# 0.0 31.2 0.0 249 22.9
2,6-Bis (1,1-dimethylethyl)-4-hydroxy-4-methyl-2,5- ’ ’ ’ ’ ’
cyclohexadien-1-one
5-Fi3E-3-Bifk 5-Methyl-3-heptyne 8.4 113 13.6 0.0 19.3
2-H J-1-T % 2-Methyl-1-butanol 0.0 0.0 10.9 7.8 0.0
i Nonanoic acid 0.0 0.0 0.0 0.0 0.0
M3 Total 5018 5259 5314 4639 6303

7 (Note) : PRI ABHNFE A HEA LR N 1050, P 229 and K 934 kg/hm? The total input in all the five treatments were N 1050, P 229
and K 934 kg/hm?; BN BRAAS H 94380357~ N IR R The fraction in treatment code represents the ratio of N source; CN—fLAEZL N from
chemical fertilizer; MN—J#3% % N from swine manure; SN—F5FF%( N from maize straw returning.
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Fig.1 Principal component analysis of 11 categories of

volatiles that significantly affect tomato fruit flavor
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Fig. 3 Principal component analysis of the 12 volatiles with
contribution rate exceeding the expected average

in tomato fruit
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