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Abstract; Taking cultivar ‘ Eureka’ of Citrus limon (Linn.) Burm. f. as research object, effects of three
humic acid foliar fertilizers of water-soluble fertilizer containing humic acid ( WHA ), fulvic acid
potassium (FAP) , and fulvic acid distillate (FAD) on contents and chemical constituent composition of
volatile oil from leaves of C. limon were studied by GC-MS technique, and DPPH - scavenging rates of
volatile oil from leaves of C. limon in three humic acid foliar fertilizer treatment groups were compared.
The results show that contents of volatile oil from leaves of C. limon in WHA and FAP treatment groups
are significantly higher than that in blank control (CK) group (P <0.05). Three humic acid foliar
fertilizer treatment groups have a little influence on the chemical constituent types of volatile oil from
leaves of C. limon, but have great influence on their relative contents. Relative contents of alkene,
aldehyde, and alcohol compounds in volatile oil from leaves of C. limon in three humic acid foliar
fertilizer treatment groups are relatively high. With enhancing of mass concentration of volatile oil
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(13.50-76.50 mg - L") in leaves of C. limon, DPPH - scavenging rates of volatile oil from leaves of C.
limon in three humic acid foliar fertilizer treatment groups all increase significantly. DPPH « scavenging
rates of volatile oil from leaves of C. limon in three humic acid foliar fertilizer treatment groups are all

significantly higher than that in CK group, in which, that in WHA treatment group is the highest,
followed by FAP and FAD treatment groups. Half-inhibitory concentration (/Cy,) of DPPH - scavenging
rate of volatile oil from leaves of C. limon in WHA treatment group is the smallest, which is 21. 89
mg - L™'; those in FAP and FDA treatment groups are relatively high, which are 33.96 and 41.29
mg + L', respectively. It is suggested that spraying humic acid foliar fertilizers containing WHA , FAP,

and FAD can enhance the contents and antioxidant activities of volatile oil from leaves of C. limon, in

which, spraying humic acid foliar fertilizer containing WHA has the best promotion effect.
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antioxidant activity
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Table 1 Comparison on volatile oil contents in leaves of Citrus limon
(Linn.) Burm. f. in different humic acid foliar fertilizer
treatment groups"

HEBEZH?  Treatment group?  ELIME/% Volatile oil content

CK 0. 570+0. 028¢
WHA 0.622+0.013a
FAP 0. 580+0. 022b
FAD 0.572+0.017¢

V1RGSR NS TR R R 22 5 3 (P < 0.05) Different
lowercases in the same column indicate the significant difference ( P<
0.05).

2 CK. 25 %f # Blank control; WHA ; J6& A R 7K 15 B Water-soluble
fertilizer containing humic acid; FAP. T B2 AP Fulvie acid
potassium; FAD: T ERRIEEM Fulvic acid distillate.
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Table 2 Chemical constituents and their relative contents in volatile oil from leaves of Citrus limon (Linn.) Burm. f. in different humic acid foliar

fertilizer treatment groups

AR it/ 9% AR Bt/ %Y
PR/ mn L&Y Relative content" PRI/ min - L&Y Relative content!
Retention time ~ Compound Retention time ~ Compound

CK  WHA FAP FAD CK  WHA FAP FAD

6.492 a-pinene 0.17 0.33 0.21 0.16 18. 748 iso-geraniol 0.41 0.53 0.39 0.45
7.041 camphene 0.03 0.03 0.02 0.01 18.988 cis-citral 13.54 11.96 11.81 8.41
8. 088 B-phellandrene 0.55 1.08 0.71 0.58 19. 423 geraniol 4.74 5.65 5.80 6.21
8.157 B-pinene 2.14 430 2.80 2.28 19. 881 citral 16.34 13.33 14.12 10.12
9.038 myrcene 0.45 0.8 0.57 0.49 22.536 2,6-dimethyl-2,6- 0.12 0.06 0.07 0.20

octadiene

9. 565 a-phellandrene 0.05 0.07 0.05 0.04 22.937 neryl acetate 0.94 1.62 1.06 0.79
9. 856 (1S)-(+)-3-carene 0.27 0.62 0.36 0.33 23.520 geranyl acetate 1.92  2.77 1.96 1.53
10. 240 2-carene 0.04 0.05 0.03 0.03 24.247 1-caryophyllene 1.53 1.63 1.68 2.21
10. 640 p-cymene 0.07 0.08 0.05 0.04 24. 608 a-trans-bergamotene 0.14 0.08 0.12 0.14
10. 806 d-limonene 13.77 22.45 17.61 15.82 24. 905 humulene 0.20 0.25 0.21 0.27
10. 921 eucalyptol 0.91 0.90 0.96 0.86 25. 603 y-elemene 0.21 0.46 0.34 0.42
11. 441 trans-f3-ocimene 0.24 0.52 0.32 0.27 25.706 cis-a-bisabolene 0.03 0.02 0.02 0.02
11. 893 ocimene 1.10 2.38 1.54 1.36 25.786 B-bisabolene 0.37 0.30 0.31 0.32
12.254 y-terpinene 0.14 0.25 0.15 0.14 25.981 d-cadinene 0.06 0.09 0.07 0.07
13. 490 terpinolene 0.15 0.25 0.14 0.14 26. 656 espatulenol 0.11  0.23 0.13 0.13
14. 091 linalool .12 1.29 1.05 0.86 27.343 t-muurolol 0.07 0.18 0.06 0.09
14. 268 nonanal 0.13 0.12 0.12 0.08 27.480 a-cadinol 0.18 0.31 0.20 0.17
15. 183 alloocimene 0.04 0.01 0.02 0.04 27.749 a-bisabolol 0.10 0.21 0.13 0.11
15. 681 isopulegol 0.03 0.03 0.02 0.02 28.230 (E,E)-farnesal — 0.20 0.11 0.11
16. 076 citronellal 0.76  1.32 0.74 0.69 28. 344 tetradecanoic acid — 0.02 — 0. 06
16. 803 4-terpinenol 0.34  0.37 0.26 0.21 29. 837 hexadecanoic acid 0.06 0.16 0.04 0.24
17.283 a-terpineol 0.89 0.34 0.79 0.56 30.753 eicosane — 0.10 — 0.11
18.577 nerol 4.00 5.25 529 4.87 30. 862 phytol — 0.51 0.38 0.50
18.622 citronellol 2.93  3.33 2.94 3.32 32.515 tetracosane — 0.38 — 0.30

D CK: 25 (A%} Blank control; WHA ; JEAH R /KA IE Water-soluble fertilizer containing humic acid; FAP: #EE4M Fulvic acid potassium; FAD: #

JEBRKE B Fulvic acid distillate. —; AK; H Undetected.
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Table 3 Different types of chemical constituents and their relative
contents in volatile oil from leaves of Citrus limon (Linn.) Burm. f. in
different humic acid foliar fertilizer treatment groups

FIXE /%" Relative content"

i Res/ B3]

Compound type CK WHA FAP FAD
2 Alkenes 21.80 36.11 27.35 25.34
25 Aleohols 15.83 19.13 18. 40 18.36
M2 Aldehydes 30. 77 26.93 26.90 19. 41
fi2 Esters 2.86 4.39 3.02 2.32
32 Acids 0.06 0.18 0.04 0.30
FF I Arenes 0.07 0.08 0.05 0. 04
kEkeds Alkanes — 0. 48 — 0.41

D CK: 25 %I Blank control; WHA : J& 2 /K 5 I Water-soluble
fertilizer containing humic acid; FAP. WS BR 4 Fulvic acid
potassium; FAD. WS PR LW Fulvie acid distillate. —. R# H
Undetected.

2.3 IEMEX M3 DPPH- BB R

A 17 JE A PR T T IS A B8 AN [ o i B A I
YR DPPH -1 BRR R4, ik 4 v LLE H Bl
Ry G A T o VR BE A R S (13,50 ~ 76. 50
mg L™ ), £ Ab PREH F A 0 44 & 3l i) DPPH - TR R
PIRE T (P<0.05) ,

H 3 4 00T UE 72 Rl — BT e B A 45
MR YR AR K 7 I (WHA ) Ab B 41 Ay 45 it
FER MY DPPH - 15 bR % i =, S TR B0 (FAP ) Ab 3
MR, EETRR AW (FAD) b B4 #5125 13 %) I
(CK) A5 Ak, HLAE [F]— 0T o ok B Ay g 47 kT %
T, A AL BRA [R) SR AR 2

S AN 7] J5 A 1 e 1 S A 3 2 A ) o e R A A
-4 535 DPPH « 15 B 51 5 &000C R AT A, 2
BITRESAIHRIARIE (IC,) WA 5, i 5 afLIA .
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Table 4 DPPH- scavenging rates of different mass concentrations of volatile oil from leaves of Citrus limon (Linn.) Burm. f. in different humic

acid foliar fertilizer treatment groups

Pt % /mg - L7

DPPH -5 F%% /%" DPPH- scavenging rate'

Mass concentration CK WHA FAP FAD
13.50 29.11+0. 32¢C 38.45+0. 30eA 30. 70+0. 40eB 30. 51+0. 46¢B
29.25 41. 02+0. 26dD 56.30+0. 41dA 49.85+0.21dB 43.13+0. 21dC
45.00 52.20+0. 34cD 76.35+0. 30cA 60. 91+0. 16¢B 54.14+0.22¢C
60. 75 60. 48+0. 38bD 81.58+0. 38bA 71.46+0.37bB 61.51+0.41bC
76. 50 72.18+0. 25aD 86. 78+0. 30aA 77.38+0. 29aB 72. 86+0. 28aC

D CK: 25 4%} /8 Blank control; WHA ; JEHEFR/KA AL Water-soluble fertilizer containing humic acid; FAP. HERRAY Fulvie acid potassium; FAD: &
JEBRFE LW Fulvic acid distillate. [A]51 WA [R] (1) /NG b3 7R [A)— Ab BRZEAS [R) 5 F 16 B8 fy e 4% 2 X DPPH - 19 35 I RA7AE . 3 5 57 (P<
0.05) Different lowercases in the same column indicate the significant difference in DPPH + scavenging rate among different mass concentrations of
volatile oil from leaves of Citrus limon (Linn.) Burm. f. in the same treatment group ( P<0.05) ; [FATH AR AR E F4f R [l — ot e R [m) 4k
BRLH AP 4% % 3 X DPPH - (35 B R A7 7 2. 35 22 5% (P<0. 05) Different capitals in the same row indicate the significant difference in DPPH -

scavenging rate of the same mass concentration of volatile oil from leaves of C. limon among different treatment groups (P<0.05).
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mg + L7 U505 T A 1R o A Ak 3R e ot T
X DPPH - IR BRAE I B KT CK 41, RIS 8 AE R 1 1
JIE A2b 380 £y A T4 % S 1 AR A B S AR RICR B T
CK 4,

x5 ARBEEBRHEARLEBEARAERERETSEHELRS
DPPH -5 EH A HFERREIHIRE (ICs,))

Table 5 Fitting equations and half-inhibitory concentrations (ICs,)
of DPPH - scavenging rates of different mass concentrations of volatile
oil from leaves of Citrus limon (Linn.) Burm. f. in different humic
acid foliar fertilizer treatment groups

LbFRZHY DPPH-ISBREEMIE I

Treatment Fitting equation of I ICsy/mg + 17!
group? DPPH- scavenging rate
CK y=0.673 0x+20.792 0 0.997 5 43.40
WHA y=0.775 5x+32.975 0 0.919 3 21.89
FAP y=0.730 0x+25.211 0 0.960 0 33.96
FAD y=0. 654 5x+22.979 0 0.993 3 41.29

D CK: Z5 (%} I8 Blank control; WHA : J& A8 2 /K %5 I Water-soluble
fertilizer containing humic acid; FAP: G R Fulvic acid
potassium; FAD. S S T Fulvic acid distillate.
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