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Effects of salicylic acid and complex chitin on the growth and nutritional quality of
spearmint

LIU Xin-ying', JIAN Jing-jing', ZHAO Wan-lu', CUI Can', YANG Fan', YAN Jun-xin"", HE Mu”
1. College of Landscape Architecture, Northeast Forestry University, Harbin 150040, China; 2. Shandong University (weihai) ,
Weihai 264209, China

Abstract: In this study, we investigated the effects of salicylic acid and complex chitin as single and combined
treatments on the growth and nutritional quality of spearmint (Mentha spicata). The experiment consisted of a
control and four treatments: Ethanol, 300 mg-L ™" salicylic acid, 0.4% w/v complex chitin, and the combined
treatment (300 mg-L ' salicylic acid + 0.4% complex chitin). At 60 days after treatment, plant growth,
photosynthetic characteristics, and nutritional quality indexes were determined. The results show that, compared
with the control plants, the plants treated with salicylic acid and complex chitin showed significantly increased growth
and nutritional quality. The combined treatment had the most significant effect, resulting in significantly increased
biomass, root system indexes, and photosynthetic parameters; increased absorption efficiency of nitrogen,
phosphorus, and potassium; and increased contents of basic nutritional components (total sugars, crude protein,
crude fat, and crude fiber) and antioxidant substances (total phenols, total flavonoids, and ascorbic acid).
Specifically, the contents of total sugars, crude protein, crude fat, and crude fiber were 56.78%, 26.77%,

26.58% , and 38.24% higher, respectively, in the combined treatment compared with the control. A membership
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function analysis of multiple traits ranked the treatments, from highest nutritional quality of spearmint plants to
lowest, as follows: combined treatment > complex chitin treatment => salicylic acid treatment => control > ethanol
treatment. The results of this study provide a reference for synergistically improving the nutritional quality of
spearmint using salicylic acid and complex chitin.
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KRG A W e 2R 0 S vk B 50 15 5> b B < % B4 (control ) Wt 28 187K 5 £ %5 7 4 (ethanol ,ETH)
Wi 0. 10 L BEERY KIS R, LAHEBR £ 1 xod i 46 45 R 09 52 ) 5 7K A% R b BRZH 87t 300 mg - L' KGRI ; & & W
SRR 0.4 B AW R W s KR G W 7 REKA 4L F 2 (combined salicylic acid and complex
chitin, SACC) [a] i} B¢ jifg 300 mg-L 'K R 15 0.400 & W52 RIF WAL BCH o R /D BT 55 &% (R K
3WBDISL, Hr [# ) X B4 2= 75 4y 7 F A7 i T80 s it , LA A1 06 25 20 55 T ELAS TR /K i, AR B 60 d Ji5 , I B =2 48 19 4%
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m s IR R 25 CL R X EE 70%0 . W E 2 B0 ¥ Ot & 3 2 (net photosynthetic rate, P,) S fL S
(stomatal conductance, G,) . i [a] — 4 1k Bk #& B (intercellular carbon dioxide concentration, C,) Fl 7% & i 3
(transpiration rate, T,) . 18 15 P il 5 $2 UG & 8 25 I 48 FH 43 6 06 B 11 (Agilent Technologies G6860A , T3k 74 V. )
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i 1 Microsoft Excel 2011 84 #4754 s A B3 55 1155, 81 SPSS 29. 0 Ge i 8 47 B 1K 3 22 43 #r
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AWt br LRI AT AL A R S b T E R EFE AR T E R E S T A4 (P<<0.05) .
FEF b b B rh  SA B 25 I = T CC AR, {H 3 e i 0 3 JC B 35 25 5 CC Ab FRTE AR R A4 )k Jy T 32 30
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£ R B XA FR R AL A 42 HE R Bk R AR R B BT B AR RN G SR ) A ke A B 73. 76 %%
58.93% .45. 830 F173. 620 , MRV HARIN B2 R T HABAL . CC Boph b 3R AR Z2 S LG T FROD7 T 2 3%
PEF SALLFE R 43012 9. 86 %6 1 9. 5700 o Mk el i 45 SRR WY (3R 2) , 45 Ab 3R vo 11 e % IR 4 A i 4 i - SACC
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Table 1 Effects of salicylic acid and complex chitin on the biomass of M. spicata (g-#k plant™)

fib # I fif T L i ENTy AT HE R i [ i
Treatment Leaf fresh weight Leaf dry weight Stem fresh weight Stem dry weight Root fresh weight Root dry weight
X} i Control 11.29+1.85b 1.8740. 34c 8.49+1.09¢ 2.17+0.32b 4.7240.37d 1.5640. 18d
ETH 10. 6041. 69b 1.73+0. 31c 8.53£1.60c 2.15£0.42b 4.43+0. 35d 1.4340.17d
SA 15.4040.71a 3.18+0.22b 13.96+1. 02ab 3.36+0.29 6.50+0.63c 2.05+0. 22¢
cC 15.6041.77a 3.13£0.38b 12.314+0.57b 3.05£0.19a 7.54£0.45b 2.36=0.09b
SACC 17.6942. 00a 3.85+0.43a 14.1840.79a 3.54+£0. 16a 10.1740.78a 3.04=£0. 16a

Xt #f Control: 7€ 1% /K Distilled water; ETH: 0. 1% ZBE/K# W 0. 1% ethanol aqueous solution; SA: 300 mg-L 'K A% 82 % i 300 mg-L ' salicylic
acid solution; CC: 0.4% & A& W52 Z ¥ MW 0.4% complex chitin solution; SACC: 300 mg-L K#iZ 5 0.4% B & W 58 £ B B i i Combined
solution of 300 mg-L ! salicylic acid and 0.4% complex chitin. A [f] /NG 7 8F 32 7R 4 4b BR8] 22 5 8. 3% (P<<0.05) . F[Al . The different lowercase

letters indicate significant differences among treatments at P<Z0. 05. The same below.

R2 KGBMESHTEMNBEZFREARSHKI NN
Table 2 Effects of salicylic acid and complex chitin on the root morphology and plant height of M. spicata

pusi REBK LiEYSNITE A RFR SR R 43 3R R SRR 35
Treatment Total length of Total area of Total volume of Number of Roots average Plant height
root system (cm) root system (cm®)  root system (cm?) root forks diameter (mm) (cm)
X} 18 Control 327.17+£11. 32d 90.50£3. 62d 6.00=£0. 30¢c 161.17+14. 50¢ 0.43£0.03d 44.2343.96¢
ETH 308.17+10. 50d 83.17£3. 19 5.35%+0.39d 211.50+£22.72b 0.51+0.05¢ 46. 904 3. 22¢
SA 466. 33 18. 14c¢ 111.3444.72¢ 7.5240.37b 258.00£12. 76a 0.60=£0.05b 53.70+£0. 84ab
cc 512.33+22.22b 122.00+3. 85b 8.03£0. 31b 248.67+18.89% 0.66=+0.02b 49.4745. 08bc
SACC 568.50£15. 63a 143.8344.67a 8.75+0.33a 279.83+£21.50a 0.73£0.02a 56.13+4.98a

2.2 ABBARILETRENBLEARIRAUF LS ETH IR

XA, ETH . SA [ CC M SACC 4b FEXT B 22 5 AR S5 Z BAFAE A R FEFE 52 (% 3) . Horpr,
SACC Bt A 4b B T AR A X 28 i, HE P, GF T 458 %6 HR 40 0 531t 3 38 T 44. 8796 . 31. 25 % Fll 20. 49 % (P<<
0.05) s CTEAR R AL BT A B 3l , 5 5 % B2 AR Lo 35 A 5K W 7K F-(P=>0. 05) .

ETH X B o6& 6 F & 5 JC 8 3 0, 1 SA AN CC Bl ab #xd ik i ot RS ia — 2= EH;
SACC K& AL BEZ A9 Chl a il Chl b % B0 R4 43 ) 2 55 41. 5906 F117. 8206, HARTHiR & T SA 5 CC Ak 2
4. AN, SACCHA AL BEL] Chl a/b i 35 & T XF B 41 (P<<0. 05, 1) .

2.3 KBBRALETREZNBZH5RAND G A

555 BT A, SA FI CC Bl S 306 & b 1 34 BB A F B 2 A B AR W B 1 & B, 1T ETH 4145 46 An T & 25 5
([E12) . Hi, SACC Bk & Ak #1240 i) £ JF SOR e o W3, FER Iy L 6 3 IR R0 T I I IR 5 o 5 % BR 20 0 il 4 v
71.05% .61.08%6 F128.14% (P<<0.05), SAXJ FiRFE 4R i H& FHE B2 & T CC H =3 22 53 K3k . K7 (P>0.05) .
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K3 ABBRSECHRRRNEZFSAXRSENHNT

Table 3 Effects of salicylic acid and complex chitin on gas exchange parameters of M. spicata

b3 Ok 4ok Wil — S v AL s
Treatment Net photosynthetic rate Intercellular carbon dioxide Stomatal conductance Transpiration rate
(pmol-m *-s 1) concentration (pmol-mol 1) (mol'm s 1) (mmol-m %5 1)
X} 18 Control 10.03+1.72¢ 276.00=£10. 68ab 0.32£0.04b 2.83£0.07d
ETH 10.7941. 33bc 274.67+£8. 40ab 0.33£0.02b 2.99+0.18cd
SA 12.80+41. 55ab 289.33£5.01a 0.28£0.02b 3.12+0. 23bc
cC 11.61+1. 50bc 262.83£8.13b 0.39+0.01a 3.32+0. 11ab
SACC 14.534+0.99a 290.50+13. 28a 0.42+0.02a 3.41+0. 16a

Ez'OA EO-“B - 5 . 5tc

T il ab ab T = by ab b a
A — a a

i 1.5 a 203 Ea E =

g g =%

s = £3
el o

% 1.0 = 0.2 5

H : =2

S 8 A

= 0.5 = 0.1 of

i %tig  ETH SACC X % ETH SA  CC SACC %@ ETH SA CC SACC

= Control = Control Control

Qb P Treatment
B1 APBEESHRZENBE=ZENEZRa HEEDRIERHZFRabHFMN
Fig. 1 Effects of salicylic acid and complex chitin on chlorophyll a, chlorophyll b contents, and chlorophyll a/b in M. spicata
Xf BE Control: 717K Distilled water; ETH: 0.1% Z /K # 0.1% ethanol aqueous solution; SA: 300 mg- L '7K# M2 % & 300 mg-L ! salicylic acid
solution; CC: 0.4% B A& W5 E W 0.4% complex chitin solution; SACC: 300 mg-L KAk 5 0.4% & & H 52 E & B % ) Combined solution of
300 mg- L !salicylic acid and 0.4% complex chitin; FW : £ & Fresh weight. A [A] /NG 78 7R 45 40 BE] 22 5+ 2 3% (P<<0.05) . F A . The different

lowercase letters indicate significant differences among treatments at P<<0.05. The same below.
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%t ETH SACC Siie ETH SACC -E X ETH SA CC SACC
Control Control R Control

AbPE Treatment
E2 KEBEEAREENEEZEFLHR . 2EMMINBREENE

Fig. 2 Effects of salicylic acid and complex chitin on the contents of total phenols, total flavonoids, and ascorbic acid in M.

spicata

2.4 KHBRALEFT R ENELEERRSW YR

SA (CC Ul S B A b 38 34945 R0AE #F 87 22 F e o o0 38 9 W e B 78 3R ) I B R L T ETH A G 48 b5 5 % J 4
JToW 25 5. o, SACC BE A A P 41 2 T4 R0 B oy 1 3, Lk i NP UK 5 a5 5% BBV 43 391 485 i 26. 5506
44.94% F132. 11% (P<<0. 05, [ 3) 5 bl R 2 11 OFLAR 105 FIORE 27 4 5 2 950 0T R4 43 3 38 =i 56. 7806 .26. 77 %
26.58% F138.24% (P<<0.05, 1 4), CCAMMAATERN Broc R WM (NP K& &) K Sl OHLEE B HLIE U7 FOKL2F 48
B R R 5 T, 4 T R AR T SA AR FRZH (JE 3FNIE 4) .
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B3 KPBREESHREEVE=ZFA. . BH.HEENZMN
Fig.3 Effects of salicylic acid and complex chitin on the contents of nitrogen, phosphorus, and potassium in M. spicata

DW : T Dry weight. F [i] The same below.
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Fig. 4 Effects of salicylic acid and complex chitin on nutrition components of M. spicata

2.5 KBBRAELET oA NG LETRBRGER I A T80 5 H

R LA VEAN R [ Ab BT B3 2% 55 9% 0 (A 5% W), AR A0F 9 DA S0 A0 00 S5 5 R 3% A0 6 s R A0, 43 SR
A TR SRR R RO HEAT Z YR AR AT . 10, %Ex%méz\mﬁlwizﬂm%%aﬁr“iﬁ,m: A A 06 b i
1 E A BT, 45 5 R A 34~ 4 1 BT 7 22 STk R K 76. 120 (B 5) , Ik 34 3 B4 vl A s%% B IR 46 48
PRI o5 B, 5 S M 4510 10 T S M 4R gt T 8 P ARSI T A e A A (R S) R T 45 A
PAEZ U E SRR M B i o 45 B8, SACC 2% B K B oK T LA A 3, HLH 2 A1 B A T SA 5 CC
Z ], FRWIH A b e R — 4 A 0 BR Al S T BRI AL . CC 5 SA IR K FEARIE (CC g ) ,(H =
Has A Bt e A K, UL A A P Bk AR AE e A 25 . W IR S ETH A9 2% B 1K 3 2 4 FL AR 38T, S e 1
X SR A B 25 A VR A T AR 8 R A M A A AE 25 5, R W 0. 1% S 55 00 B i A A2 A i AN [) L {3
S5 G Ok R A B ARRAE AT H B, 12 25 5O R 5 RS % TR A 0 SE T PR AR AR T HERR TV R . A TR e 1R 43
Pro B it b, ik — L AR G 25 S R SR B SR L HEATIEAN . B ER 4T X IRZE (ETH .SA .CC .SACC
Ab B4 B SR R BT AR AE 22 5 HEE N SACC>CC>SA> X I >ETH . Hid, SACC B4 kb P 21 75 2
FHEE LB TR R LR, CC AR 2, SA AL BRAT A 51565 3. ETH &b BE 4L AE A %5 570 X B8, H AR 56 45 b i
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I T IR AR TE B (22 52

3 i I
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AL A R 5 ) 9 R o D R 4 2 A b
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GEor MK M R 45 5245 WY 58 300 B 22 Al 1 B 2 )
RN, e BRI A Ak FRAE AR W) 8 R R AR R DA 1

AE BT AW T S R B 4 g T X e B W A P =

8421 |

3.1 KHBAEETeAS@ZAERKRE LA MR

WY 2 1 PC2 (22.4%)

B e R B s LAy 2Ry B BEFERSSMZBAEER
%/EEKE/‘JEE@Z?E ’ Iﬁ]ﬁfﬂi‘,ﬁﬁ I‘Eﬂ Tﬁ}iﬁ%ﬁ%ﬁ%iﬁﬂ@ Fig. 5 Three-dimensional loading result of principal
BRI, AR 45 BRI, SACC B4 4b B A % A 72
FE AR T B O E S M T . B 4
B oK T, SA Bt b 39 T R T L 6 43 A 0 B 0TI B, T C.C B i b B ) R R A e A AR T
B Wy A B R A R B 5 Abadi 45 7 7 7 88 2 (Melissa officinalis) b (9 BF 95 45 5 MIVE L L B 5¢ 7 RE 32
T SA R EME(CC T IALAN ) 64 b 0 A 40 0 (0 BRI o 3 — P TR A P BB VR T — % AR R &
RIS B 1) Ak A 0 00 XU VR . KRR A S 5 5 K A 0 B T HG A IR 0 A M s A R K
B SRR . R R IR A O T A A BT B T M 2R RS S A T L. F i CC gb B
6 B VAR R A PR A B3 1 R S I S A Kb B U 76 1 AR 5 4% OB T B2 . Methela %5 MBS £ 0,
St R BERE A UL K T (Glycine max )M F B B AR 18 B AR B0 AR 58 o CC M FE AR AR 5 AR A .
DAE FTBL SR AR BT, CC v () B 7% 3 40 43 1T Al ek 0005 JL T 32 U0 A 5 280 3 15 0% M T 6 S 4R 3 40 A R 75 , i SA
U IE 55 AR 0 S S AR TS B, A PR R R 37 I A B 5 R WL A B ) B AR R W 3
TR, A B 2% 5 b T M {2 K RS A 7 B T IR S

component analysis of M. spicata

x4 BEZFEFRRESIEN(RERHME)

Table 4 Comprehensive evaluation of nutritional quality of M. spicata (membership function value)

Ak EN S PURILIR A w i SO OMER MIRD M REREE HE
Treatment Total Total fla-  Ascorbic  Nitrogen  Phosphorus  Potassium  Total Crude  Crude Crude Membership  Sort
phenols vonoids acid sugars ~ protein fat fiber  function value
%I #8 Control 0.000 0.092 0.270 0. 000 0.043 0.113 0.000  0.000  0.065 0.029 0.065 4
ETH 0.009 0.000 0.000 0.232 0.000 0. 000 0.123 0.157  0.000  0.000 0.058 5
SA 0.659 0.610 0.670 0.556 0.734 0.575 0.765 0.559  0.250  0.536 0.598 3
CcC 0.523 0.432 0.511 0.734 0.807 0.750 0.916 0.736  0.755 0.827 0.685 2
SACC 1.000 1.000 1.000 1.000 1.000 1. 000 1.000  1.000  1.000  1.000 1.000 1

HEENX THEEAFNEREETZCHELE CAERRATRS B JE T ALY & e ), 2 TP
P2 I BE 1 e 4 g OC SR AR B AR . ARBIFSE Hh , SA B0 CC Fi b B4 BR 52 7 BE == A it 9 AR S e 28 (H G o
2T 2 5 SACC B A AN P, G C Tk R . X — MG 5 2 BT 450 & W4 Li e
KB 5T R AT A Y RE B R N (Triticum aestivum) W C.. T, .G, P, ; Feng 58 1 IE 5L SA AT A5 RCHE T M &
(Nicotiana tabacum)W 7 1y P, G M T, AL - 4EWT , CC m BRI 1 75 5 AL IF i (RN G KO e i CO, )
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- R 48 G P TR T S AT RT R SE Ao B R R R SO PR IS M B AR TR AR AR . TR I RE AR C S
P [R5 TV, 2 B R IR SCUE B0 09 AL 56 575 31 W35 Y0 0 A0 G R O i B AL B2 Y Chl a #l Chl b & & 235
F % |, X 5 Sofy 2" | Roshdy 5 K Zhang 25 43 5 78 76 B M Ab B 8 K ( Cucumis sativus) . SA 4b P 5 &
(Fragaria ananassa) Vh B —. 35 B4 Ab 285 TN oIR8 31) 10 i 4 28 1 s 3 TR A — B, YE VLR W] RE VS S . SA il
TR PsbA 3 5 ARG AE Y6 R G0 11 5 11 56 2R 0 D00 T (8 30 o) 412 2 288 0 R JE 28 4 T i R A Ak O RO k% . SACC
A Ak PRAE I o IR R AR PR E 2 TR = FmRDLEERE . JCA RN B = mhUR Y BT
FRY A R T ST R R ST B B TR AR AT
3.2 SAL CCRETG LA AN KB E IR Rk

UAAL Y BT T B 22 A Y BRI AR BT Re B A S . B 2 AR Ry Ry B B R AN TR I R AR Dy E
LAY BT, AL A B 22 B S hUE LR Oy SR B I (A SRRl . ARWESY R SA 5 CC Huph b
FR YRR G I BR 22 A ik b B R R AT IR IR 1 i L SA YR FE AR R T CCL B A Ak FR I 5 S 47 48 Ak
Py S5 A B B GR B IR (E . 33X — Bl A B B A 5 Kumari %857 76 75 8 (Litchi chinensis ) 52 R J5 WA A BRATF 53 2518
W) A, Sofy % 5 Roshdy % 43 B IE T 7% BEME 5 SA X AE Y B IR 1L 8 45 bt A0 4 o & 2 (0 BB S i) 3
T b [ 502 T A VR 1 22 4% AR i 3 5 e R 90E o SA T SR S BE AR s AR, 42 HE R T A BT AR 5 Y A
H 58 AT A 0 W BB A 5 SR AT R A5 5 W 48 s AE AR, o Lk T B By B 3R . X F RUEER , H 52 AL B el
R S R A BA AR Y B PR SRR DU A B, SA T g 2 4R AR JRURR S O A K B A ML BUIR il R
AR R 5 SA A5 9 SR D 1 A s B HE S B SR A B AR TR R DA DG . [l SA 5 CC AT g E 2 XX
AL SR A BT A A B B ——S A BRI BR 1 Hy 3L, 7 SROME U AT 38 5 s e e TE M R R . o P A
F5 40 M S AL 0 SR AR S B IR R BT B A B O R B O R T T B 22 A O 0T PR B N B ) G e AR
2 30 B 5 A A R B R A K S R 4 WA Rt DR

B TR R R R AR ORALS & T E R SR AR . AR AR Bk SACCERG AL BEXS B = &/ 8
FEP R B T BB S i, L ARGCR 4 A T A — A B AR B B A A PR RO, o A B R O3 Y e RO
W 5 1) A 2 A A R i B A ) BT Rl AR BT BT R T TR G AL B R R T TR P NP K . XA
Ahmad %R Talaat % (4 5 58 2578 AP R, Al 43 590 76 B ff (Mentha piperita) % (Phoenix dactylifera) ¥
UESE T 52 M 5K MR A A2 HE 0 BT 3R WOy T A T . VR JHAILT B4, CC P 2 RIE W RA S ARG
Py, LR T Ol AR ZR A B A A 4 RS 5 SA WA TIE S RB I i TR A D A SR TR T S O B i 1)
TR DT B ) SR Ak TR AR 0 R TR AR RE 7 o 6 T A A I, CC Rl R A 0 AR PR A BE S A 1 R
TR A RO T SA S CC XEE S i Y B[R] 5 T 00 PT R  HAE R R AR R H -ATPase Z I M 5 K@ & A
RIKA K W BICR M FE N e Sl T BT R SR AR LA SR B R A . TEBR EUARE ) 5 K A Ak
R[] 22 0 S5 0 R RO, o X T OB AR R AR AU 5 Zhang 45 & Sinha 5T W ST 45 R — B AT
R I B A A FHRT B DR R R S AT M [ W, JS A I S5 AR B (Pyrus communis X P. pyrifolia) J 55
o BE 4R 4 SBE A RS PR o X PR IR KON Y A BEEE Al AT REAE T SAGHE G bR REME BRI S 0 TE R AR TOLE
Yy 1] TRE B 0 6 Ak 5 32 i 5 5 0 ) B C.C U3l S 35 1 R 5 T 4% DG B Al 0 M e B 8l TR 0 o A P AR
o XFHLE AR R AR WF 7T ML B A2 POV 5 Mustafa 2558 R 46 H 18 (Medicago sativa) b1 & AL
HNTEVLIE AT BB E — D B AN AR CC AR AL 42 B 1 W 5t Sl 1 38 2 O A 2 Bk e & BB — 4 24 R & iU &
G5, 14418 P OG5 i 1 0 S 6 R G B O B R 0 0 B P A 4T T SA T R e R R IR R S L RS
B, SRR TR (e AR AN AL B R G B T ORLAE U RLAT A R RLAR T B B AT B
U DR T SA X B i o % S 0 P A T LA B CC X BB o S A A I 22 %, 3X 55 Coyotl-Peérez 55 7E i AL
(Persea americana) "R JH 76 AL PLREA RO B R SERR NG & = AR A & o MLEF4E & = a3 il aT 52 55 SA
VR Y 2 A T R DR A DA AT B A T L B CC X £ 4 25 4 1 AR B4R 2 DDA 5 Talaat 25 (19 F 55t
9 SA REHG NN YKL AF 4 B w4t T A UE . SACC B b 358 i {2 0 B oo 2 IR R SRR S AR I BT M
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PN W5 5 R £ 4 R 2R A5 20 2 32 B 3R 10 VA 4 A 3 R T B 2 A 0 SR PR ROKCF O B 2 A RO B AR A T
A TR

5 b AR IE R W], SACCHR & Ak B1E i 8 1k B 22 A RO MR R A8 5O G PR AE , D[R] e 2E 1 3% 20 olie B 57
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o>

4 £y

A ST A W, T K A R B A A T e SR T AU BE B 2 A A KOFEICE B SR . KRS E AT
7C R WA AL BAE A W AR R AT Ot VR I DU AR Y BT 3R e O RS SR 0 b 8 3R B I B4 P [ 3 K
YRR, R )20 52 T B 22 A A W i 5 8 R A BOI Bre SR o 236 7= i 55 o B i, R 7228 7 R 300 mg- L™K
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