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Effects of Boron Fertilizer on Volatiles of “Jinpeng No.1”” Tomato Fruit

XU Weinan', ZHANG Xin', ZHANG Jing"?, DING Ming', ZHEN Ai', CHANG Xiaoxiao', BAI Yongjuan', HU Xiaohui'™*
(1. College of Horticulture, Northwest A&F University, Key Laboratory of Protected Horticultural Engineering in Northwest,
Ministry of Agriculture, Yangling 712100, China; 2. National Experimental Teaching Demonstration Center of Hoticulture,

Northwest A&F University, Yangling 712100, China)

Abstract: Boron fertilizer applications by foliar spraying (L) and nutrient solution application (W) at different levels of
boron (1.9, 3.8, and 5.7 mg/L H,BO,), respectively, were performed to investigate the effects of boron fertilizer on volatiles
of tomato (cv. “Jinpeng No.1”) fruit using boron-free nutrient solution treatment as control (CK). The composition and
content of aroma compounds were measured using solid phase microextraction coupled to gas chromatography-mass
spectrometry (SPME-GC-MS). The results showed that a total of 79 volatiles were detected in seven treatment groups of
tomato fruits, with aldehydes, esters, alcohols, hydrocarbons and ketiones being the predominant compounds. The decreasing
order of total volatile component contents was as follows: L1 > W2 > W1 > L3 > W3 > L2 > CK. Meanwhile, 14 of these
were characteristic aroma components and their total contents were in the descending order: W2 > L1 > L3 > W1 > W3 >
L2 > CK. Different application methods for the same concentration of boron and different boron levels applied in the same
way had different effects on the characteristic compounds of tomato. All 14 characteristic aroma components and 3 types
of aroma components (‘fruity aroma’, ‘green aroma’ and ‘floral aroma’) were detected in the treatment group of 3.8 mg/L
H,BO, nutrient solution, with fruity aroma being the most predominant as well as 6-methyl-5-hepten-2-one being the biggest
contributor to the aroma, suggesting the presence of a wide range of aroma compounds in the tomato fruits. Therefore,
the application of 3.8 mg/L H;BO, nutrient solution can result in the formation of a wide variety of aroma compounds

responsible for the strong fruity aroma in tomato.
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Table2 Numbers of volatile components of “Jinpeng No.1” tomato

fruit under different boron fertilization rates and methods
F CK LI L2 L3 WI W2 W3
%25 aldehydes 23 28 27 26 26 29 29
J£9% hydrocarbons 5 7 6 6 7 4 8

{2 alcohols 13 13 13 14 14 12 13
fii 2% ketones 9 8 8 8 8 8
fig % esters 2 1 3 3 3 2
HoAth 6 8 7 7 8 8

Mt 58 65 64 64 66 63 68
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Tablel Semi-quantitative analysis of volatile components of tomato fruit under different boron fertilization rates and methods

. e 15 58l (ngkg)

5 RIS W%Zinin é%f% E&E% CK L1 L2 ng - Wi w2 W3
1 3-HI2E T 3-methyl-butanal 2.53 846 862 — 20.33 — — — 3289 1563
2 1% 5% I isopropyl acetate 258 799 827 — — 9171  205.50 — — -
3 1-1345-3- 1-penten-3-one 3.00 874 888 28751 63639 57542 56601 53009 53009  530.09
4 3-1% 3-pentanone 3.10 867 869 400.75 — - - — — -
5 [ pentanal 3.14 795 839 — 561.00  328.66 — — 20711 23010
6 S 3-methyl-butanenitrile 375 827 866 3198 6066 2586 4706 3828 2906 2224
7 3-HIEE T 3-methyl-1-butanol 3.86 917 922 5315 14448 6172 18345 11908 4485 12451
8 2-Z -4 TR0 % 2-ethyl-4-pentenal 4.04 745 826 - 76.86 — — 4543 11249 4975
9 X217 (E)-2-pentenal 430 881 887 2846 29857 22831 17868 20587 16857 15135
10 IEJRE 1-pentanol 463 925 935 58250 107346 76642 41255 59405 57244 57577
11 JIfi-3 - CLH % (Z)-3-hexenal 5.8 903 903 2470 3863 2039 4181 2469 40.02 7.62
12 T hexanal 541 900 903 540628 2275257 16273.62 1875843 1592435 2747429 16710.61
13 JR-2-CHii (E)-2-hexenal 6.65 818 855 174.64 — 26005 59872 38867 73285 34673
14 JIR-2-C B (2)-2-hexenal 6.97 877 878 436652 1316504 709131 1262689 980511 1393294 9838.62
15 JI§-3- C.4-1- (2)-3-hexen-1-ol 7.02 931 940 179447 584727 3239.07 360038 422815 274464 235575
16 JR-2-CHf-1-BF (E)-2-hexen-1-ol 7.30 825 885 11145 21533 11647 13379 7327 3310 8251
17 IECEE 1-hexanol 147 902 904 454862 1242732 557171 502072 13083.82 421237 5180.80
18 %254 (E)-2-decene 7.67 704 876 — — — 28.30 — — —
19 3-FUET J- IR 28 (3-methylbutyl)-oxirane 7.97 635 823 — 63.10  30.17 — 5064 3463 3025
20 ST FE AR P ZERE allyl methallyl ether 8.18 745 851 24.85 — 32.59 2.17 52.11 — 34.10
21 Bt heptanal 8.36 904 916 42341 82362 32978 36059 34360 49377  366.05
2 AL IERS methoxy-phenyl-oxime 8.53 808 838 20468 40206 20201 - 14458 21195 242.66
23 3-JiEf-1- 3-hepten-1-ol 8.69 634 837 — — 5239 2639 — — —
24 (EE) 24-C I (E,E)-2 4-hexadienal 8.72 651 854 — 10126 — 11444 — 75.35 —
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S RRARAA Wg/ﬁin %B% 73%% K Ll L2 L;lg/ Wi w2 w3
25 JX-2-BEHiE (E)-2-heptenal 10.14 940 954 203177 304499 233198 233779 293415 295285 241757
26 FEIES benzaldehyde 10.25 876 917 131.80 — 27840 48498 35502 47254 24546
277 IR-2- B 1-1 (7)-2-hepten-1-ol 10.50 796 837 5823 13826 11346 - 244.93 — —
28 3,5- I3 1-C4 3,5-dimethyl-1-hexene 10.57 812 884 — 11861 5033 8089 23610 6860 6559
29 1-3 4453 1-octen-3-one 10.75 888 910 17846 55701 21475 25289 43513 67094  366.58
30 1-3445-3-8 1-octen-3-0l 10.89 950 959 28207 59011 13865 5359 19919 25062 161.00
31 6- P -5-Pifs-2-fi 6-methyl-5-hepten-2-one 11.02 854 908 298932 577530 239325 360459 5139.03 629040 393544
k) 2- IR HEM I 2-pentyl-furan 1115 833 882 602.64 87887 43545 43813 110197 81669  889.63
33 6- F1E-5-Hifi 36-2-f 6-methy)-5-hepten-2-ol 11.28 847 935 — 699.02 32254 60370 64867 47853 28716
34 3-2.3-1,4-C. 7 3-ethyl-1 4-hexadiene 11.37 778 902 — 145246 53941 - 52937 — —
35 1-ZH-5- IR R 1-ethyl-5-methylcyclopentene 11.38 769 901 495.77 — 124386 421.90 — — 585.35
36 R-2-% (R)-2-octanol 11.56 920 931 131176 140505 — — 138412 606579 298586 178115
37 (EE) -24-Bi —JisRE (E,E)-2,4-heptadienal 11.84 784 879 — 200.82 — — — — —
38 3-2 31 4-CL ik 3-ethyl-1.4-hexadiene 11.86 632 897 14121 — — 8077 16293 13472 9371
39 4-FIE3FRCH-1- T 4-methyl-3-cyclohexene-1-carboxaldehyde 1242 846 911 17266 29432 13469 14016  410.52 — 154.07
40 2-53 T HEMEME 2-isobutylthiazole 12.53 914 915 — 327468 173140 412132 391171 293336 201382
41 7 1% benzeneacetaldehyde 12.84 840 872 - 163.77 35.22 157.25 - 130.80  115.34
£ 2-3:H-1-F2 2-octyn-1-ol 12,93 17 824 25698 42161 21785 12706 33044 21115 19249
43 2,6- 1 H£-2,6-% — I 2,6-dimethyl-2,6-octadiene 13.07 747 813 5054 14722 5033 — 14184 15552 12609
44 2- F—# 2-undecyne 1321 811 857 7054 13851 — 7907 69.54 — 9138
45 J-2-3HiE (E)-2-octenal 13.35 868 868 270389 498277 314439 225163 466459 494256 3342.29
46 JR-2-F M-1-2 (E)-2-octen-1-0l 13.61 901 925 24903 54203 31270 18810 68582 18513 20726
47 1-3 {8 1-octanol 13.70 803 834 20519 55976 5556 - - — 129.00
48 @ AR 2-methoxy-phenol 14.14 860 890 12531 12893 12581 6575 6237 10598 3575
49 55 FRE linalool 14.58 744 828 — — — — 1451 — —
50 2- % 2-nonanol 14.65 916 929 — — 535 5959 21739 — 10225
51 T nonanal 14.74 906 906 62486 101701 7133 68683 91039 123738 50726
52 % L phenylethyl alcohol 15.04 822 900 13573 18371 — 31434 20399 19802 16098
53 5 (isocyanomethyl)-benzene 15.74 743 913 - 199.63 8392 15898 16539 16371 11323
54 JI5i-2- 5 (Z)-2-nonenal 1641 829 916 168.06 39276 13665 13143 28398 33583  202.53
55 2-28Jf5-1- 2-decen-1-ol 16.70 767 848 18.48 — — 31.65 — 50.11 —
56 KRR i methyl salicylate 17.40 918 922 251267 255483 208322 412220 299888 442065 196695
57 %48 decanal 17.75 897 902 35820 43317 41189 55417 49245 51839 29145
58 2.4-F % 2.4-nonadienal 18.05 911 932 15041 32350 7075 — 18465 21221 13276
59 S-S RE 1-cyclohexene-1-carboxaldehyde, 2.6.6-trimethyl- 18.13 879 913 11230 21128 13263 16867 19970 20446 15153

3-FE-3-(4- L3 I) - A
60 Oximnecarbozﬁegyﬁigei ﬁ?ﬁﬂfﬂﬁiﬁf_pemenﬂ)_ 1845 729 927 — 14297 — 5876 12355 10376 79.17
61 (Z) -37-ZWH-2,6-3 4 (2)-3,7-dimethyl-2,6-octadienal 18.67 871 879 9462 26089 8929 11185  263.69 24380  117.79
62 R R-2-Z4HEE (E)-2-decenal 19.34 916 953 25320 72382 16226 12802 32854 29276 23494
63 (E) -3,7-Z 2,62 —Jiflé (E)-3,7-dimethyl-2,6-octadienal 19.47 910 911 361.04 84653 35483 43722 65458 85615 60224
64 2,4-28 ~Jii% 24-decadienal 20.26 867 900 87369 129681 114430 84030 169673 126281 121234
65 +—& undecanal 20.60 791 971 6552 T304 6128 8827 8063 6855 4882
66 (EE) 24-% i (E,E)-24-decadienal 20.90 874 901 39315 91081 44648 32293 76296 53667  298.90
67 (EE) 24-+ 1~} (E.E)-24-dodecadienal 2175 718 846 2460 10603 3171 2770 5121 5999 3467
68 T % eugenol 21.82 892 907 11487 13972 6784 4038 8650 14671  33.08
69 2-+— 1% 2-undecenal 2.12 914 933 15118 37765 8954 7117 18827 15440 12945
70 4.5 [R-2- B4R cis-4,5-epoxy-(E)-2-decenal 257 718 801 — — 20476 15898 16349 — 353.56
71 + & dodecanal 2328 834 948 3168 4764 3630 3671 5045 4797 25.09
72 alpha-% %'l 3-buten-2-one, 4-(2.6,6-trimethyl-2-cyclohexen-1-yl)- ~ 23.62 818 891 3L13 7939 3285 2476 4036 5909 2601
73 F L PIER (E)-6,10-dimethyl-5,9-undecadien-2-one, 2426 904 904 159199 351355 1147.87 147551 393913 287216 204857
74 P-4 %' trans-d-ionone 25.04 835 884 13862 24962 10993 8779 17821 13178 97.94
f— AL — 1-H 3T 04 3 .

75 H226 4T—%,;,Gﬁ;ji?n;thﬂy%}(')?(]eiclycl%o][flj](;jfe ﬁr_ﬁ)l’”‘e“ TOm gs13 80 896 2175 5132 2421 2828 4108 3801 2629
76 +755% hexadecane 21.79 803 856 2478 4950 — 2049 39,01 2430 2193
77 ZAt eicosane 2952 808 852 — 46.61 14.01 - — - 3175
78 JREHES homosalate 3207 807 865 — — — — 34,63 14.69 —
79 ERHEEVIE (E,E)-5.9,13-pentadecatrien-2-one, 6,10, 14-trimethyl-, 3232 831 858 2801 7247 2227 2550 3398 8014 4173

RS & E 39091.65 9852635 57020.36 70021.02 88411.32 89814.15 6323648

Ee — ARk
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Table3  Contents of volatile components in “Jinpeng No.1” tomato
fruit under different boron fertilization rates and methods
ng/kg
k3l CK L1 L2 L3 W1 W2 W3

B ketones 566752 10935.06 472055 6065.33 10337.01 10672.61 7078.65
5% aldehydes 19 153.97 53 251.17 33 865.12 41 675.45 41 003.20 57 810.39 38 180.46
T2 alcohols  9607.66 24 247.42 11492.06 12 139.43 26709.19 11 966.83 11 340.61
#2J hydrocarbons  782.84 195292 1897.95 72040 117879 383.14 102179
52K esters 2537.52 255483 220752 4349.87 3085.62 443534 2001.05
Hhn 1342.14 558495 2837.16 507054 6097.51 454584 3613.91

it 3909165 98 526.35 57 020.36 70 021.02 88 411.32 89 814.15 63 236.48
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Table4 Characteristic aroma components and their contents in
“Jinpeng No.1” tomato fruit under different boron fertilization rates and
methods

ug/kg
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