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Effect of exogenous low-molecular-organic acids on seed germination of
Solanum pseudocapsicum L. under copper stress
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Abstract: [Objective] This study explored the effects of malic acid and citric acid on seed germination
of Solanum pseudocapsicum and screened optimal application concentration to provide basis for under-
standing the alleviating effect of organic acids and plant response mechanisms under heavy metal stress.
[Method] The semi-lethal concentration of copper on seeds of Solanum pseudocapsicum was screened by

measuring germination rate and other indicators. Using this concentration (Cuy, ) as control, the effects of
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malic acid and citric acid at different concentrations (1,3,5 and 10 mmol/L) on seed germination parame-
ters (germination time, germination percentage,germination potential, germination index, vigor index and
shoot length) and root activity of Solanum pseudocapsicum under copper stress (40 mg/L) were studied.
Principal component analysis and cluster analysis were used to comprehensively evaluate and compare the
effects of two organic acids on relieving copper stress in Solanum pseudocapsicum seeds. [Result) (1)
When the copper concentration was 40 mg/L,the germination rate was significantly inhibited (P<C0.05),
and the vigor index and shoot length were inhibited above 50%. (2) When the concentration of exogenous
malic acid was 5 mmol/L, the germination percentage, germination index and vigor index of Solanum
pseudocapsicum seeds were increased significantly by 24. 02%,42. 49% and 50. 49% and reached their
maximum. Exogenous citric acid only improved the germination rate by 5. 25%,9. 68%, 10. 78% and
11. 90% when the concentrations were 1,3,5 and 10 mmol/L,respectively. (3) Compared with the copper
stress treatment(Cuy, ), the root activity increased by 19. 27% when malic acid was 5 mmol/L, and the
growth of buds after germination was inhibited with the concentration greater than 10 mmol/L. Citric acid
did not alleviate the root activity of Solanum pseudocapsicum under copper stress. (4) The principal com-
ponent analysis (PCA) and cluster analysis showed that the vigor index was an important parameter to e-
valuate the alleviating effects of organic acids on the germination of Solanum pseudocapsicum seeds under
copper stress. Malic acid at concentrations of 5 mmol/L had the best effects. [Conclusion) The effect of ex-
ogenous malic acid on alleviating copper stress damage was significantly better than that of citric acid on
Solanum pseudocapsicum with promoting effects in low doses and inhibiting effects in high doses.
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Table 1 Determination of organic acids in mature Solanum pseudocapsicum {ruits
5 1B 4 ik 7 HAE 43 T 5 i Jn 4 Bulky adduct
Serial number Chemical compound Molecular Relative molecular mass Intensity Ht Na*
1 SRR Malic acid CyiHgOs 157.010 7 816 880.479 % No J& Yes
2 Fe#ERR Citric acid Cs Hg O 215.016 2 3 002.770 75 No & Yes

2.2 §R BB 3T EIE R F A E A9

& 2 AT LU H o B A S0 A ViR B S0 A
TFRFR RFH R FREBCIE IR BA K2
Je RS, TR TR R E N 20 mg/L B, K
ORI ZEHR B 48 BOM ZE R A B R
B, 5 CK ¥A W32 5 (P<C0. 05), 44 Jit &
WePER T 40 mg/L B, B IFE Fh 7 3% J) 48 BRI 2R K
B Z4M(P<<0.05), 5 CK #H1t.40,60,80 F1 100

mg/L CuSO, ¥ I Ab 333 35148 Fh 15 77 48 £l o0 0l B
i 52.28% ,66. 04 % ,75. 57 % F185. 30 %5 , ZE K 43 5l
5% 51.29% .64, 22% .72. 84 % 1 82.33% , 4 I
AL A JoT VA BE Ol 40 mg/ LI S IR A A 2
ESTE N X NERTIVIE R & 2 ) RO R BT
50 0 o PSL ffy  3 B40 AR o 1 0 bR S 5 R VR R 40
mg/L .,
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Table 2 Effects of copper stress on seed germination of Solanum pseudoca psicum

A 5 R/ KRR/ % KRR % RAFIEEL UK ik 4K /em

(mg e+ L1 Germination Germination Germination Vigor Shoot
Copper concentration percentage potential index index length

0(CK) 83.1641.91 ¢ 28.6042.00 cd 6.43+0.20 b 14.90£0.45 ¢ 2.32£0.10b

10 90.00+3.33 b 36.6743.33 b 7.297£0.13 a 18.06£0.13 b 2.4740.05 b

20 95.55+1.92 a 48.89+1.92 a 7.46+0.10 a 20.73+1.15a 2.7840.12 a

40 75.224+2.17d 32.24740.46 be 6.26=+0.27 be 7.114+1.01 d 1.13+0. 11 ¢

60 71.67+1.44 d 25.0042.50 de 6.07+0.11 ¢ 5.0640.99 e 0.8340.15d

80 64.47+2.66 ¢ 22.3042.20 ef 5.7640.14 d 3.64+£0.25f 0.63%+0.06 ¢

100 52.5042.50 f 18.33+1.44 f 5.27+0.12 e 2.1940.12 g 0.4140.03 f

TE « A S0 BOR J5 e A [/ /NG 52 8 R 45 AL BTE P<<0. 05 K- B2 R, FIH.
Note: Different lowercase letters indicate significant difference at the P<<0. 05 level. The same below.
2.3 ERBAMFERBRMEMDETHMEMFHEL T 1 PR R REIR. SR RRIKE N
EERE: R ) 10 mmol/L B . 55 1 AL R4 Fft 1 % 2 ik ] P24 %
2.3.1 MERFWMAFHRFREGYH K FEFRB Cu db B R T BRI W0 A [ e R
3 A[ALHR R M 5 mmol/L SRR (MAD KRB APAR (CA) AL B 555 1 ORE UFI P b 1 % 28 I ) L °F
J5 o ORI AR A 7 R 2 I ) LG Cug AR BRAD T2 B R FHURIG L Cuy A BERD 715 .

R3 ERBAMFERBEXEPE THMBRMNFRFRERFESEZFERENI
Table 3 Effects of malic acid and citric acid on germination time and average germination rate of

Solanum pseudoca psicum seeds under copper stress

Ak 3 51 kR N E /d ] 2 U {1 5 1] / 2k 2R/ d
Treatments Days of first germination Days of peak germination Average germination speed

Cuuo 3 5 4.96=+0.18 be
Cuyo +MA, 3 4 4,7740.07 cd
Cuyo+MA; 3 4 4,50+0.24 d
Cuso +MA; 2 4 4,4540.23 d
Cugo +MAy, 4 5 5.25+0. 33 ab
Cuyo +CA, 4 5 5.57+0.21 a
Cuyo +CA; 4 5 5.62+0.12 a
Cuyo+CA; 4 5 5.6040.23 a
Cuio +CAyp 4 5 5.47£0.13 a

2.3.2 AAFHAGH o FORMAFTERIE W0 T IR T AR R I 4.
F1 ERBUOFREBEMEMNE THRERTFHEENYMN

Table 4 Effects of malic acid and citric acid on seed germination of Solanum pseudoca psicum under copper stress

R/ % R % REFAREL LWAE Y #FE/em
Ak B o AR oo n . .
Germination Germination Germination Vigor Shoot
Treatments . . .

percentage potential index index length
Cuyo 75.22£2.17 e 32.24+0.46 ¢ 6.26+0.28 d 7.11+£1.01 ¢ 1.134+0.12 a
Cuyo +MA, 80.0042.50 cd 31.67+1.44 ¢ 7.2140. 24 be 6.3740.42 cd 0.88+0.03 b
Cuyo +MA; 83.33+1. 44 bed 43.334+2.89 a 7.66+0.62 b 8.93+0.81b 1.1740.06 a
Cuyo +MA; 93.29+1.37 a 39.51+1.81b 8.92+0.34 a 10.70£0.77 a 1.2040.10 a
Cugo +MAj, 85.83£3.81b 22.50+2.50 d 6.77+0.67 cd 3.49+0.20 { 0.52+0.03 d
Cuyo +CA, 79.17+2.89 de 10.83+1.44 f 6.07+0.52d 6.04+0.11d 1.004+0.10 b
Cuyo +CA; 82.5042. 50 bed 11.67+2.89 f 6.09+0.43 d 4.55+0.18 e 0.7540.05 ¢
Cuyo +CA; 83. 334 1. 44 bed 14,1741, 44 of 6.1440.44 d 2.9840.56 0.48+0.08d
Cuyo +CAjp 84.17+1. 44 be 16.67+2.89 e 6.52+0.54 cd 1.73+0. 14 g 0.2740.03 e

MR A TR Y SER IR R 5 mmol/L wFL I . 5 Cui A0 BEFP 7 AR BE 23 R S 24, 0204
WP R 2R R IR BONTE R B R B R K 42,4900 50. 4900, ALINA W M2 5 (P<C0. 05)
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& TR

ML T-A R B 32 5 1 e 5 184 o S B AR AR R
T )R Je ek e, M R R Wk S 5 mmol/L
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Different lowercase letters indicate significant difference between different treatment at the P<C0. 05 level
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Fig. 1

Effects of malic acid (A) and citric acid (B) on root activity of Solanum pseudoca psicum

seeds under copper stress
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Table 5

Correlation analysis of malic acid, citric acid and seed germination characteristics of

Solanum pseudoca psicum under copper stress

ki R R KR ICPAE R R ROY 3 50 & LEEXCW]
IEd/*\ Germination Germination Germination Vigor Shoot Average Root
ndex percentage potential index index length germination speed activity
Malic acid 0.215 —0.505* —0.191 —0.467 —0.616" 0.427 —0.594*
concentration
Citric acid 0.032 —0.242 —0. 348 —0.975" " —0.982" * 0.088 —0.977" "

concentration

TE e ox Hlx x 35 R R T8 P<<0. 05 1 P<<0. 01 K EAHSCER 3 .

Note: * and * * mean significant correlation at the P<C0. 05 and P<C0. 01 level, respectively.

2.5.2 WAIGKE E R A HH LUK R
P R 1 361 SRS o 7 8 % 46 b £
AT A5 RN 6 s, B 6 a0, SE IR R
SRR (Cu) K FR bR IO 2 A FE . &

B 1 STEk R R 73 8400, ELAr 2 BTk E N
20. 1626 » RIF BTl AR 3k 94. 0096, Horp T oy 1 4%
o B 16 9 S TG 7 46 %K (0. 437 920, HIKE & ZE B
(0.406 53); F W7 2 #AT By B IR K R
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Table 6 Principal component analysis on the influence of malic acid and citric acid on various indexes of

seed germination of Solanum pseudocapsicum under copper stress

SE R Malic acid

FrEE R Citric acid

e
S ET Y3 EH 2 ET 3
Principal component 1 Principal component 2 Principal component 1
F54F 4 Eigenvalue 5.168 64 1.411 63 6.012 83
Bk # /% Accumulated contribution 73.84 94. 00 85. 90
& % % Germination percentage 0.199 16 0.738 14 —0.363 22
K % Germination potential 0.406 53 —0.168 19 —0.402 92
K ZFFEH Germination index 0. 355 84 0. 486 89 —0.374 41
W& 7138 % Vigour index 0.437 92 —0.061 47 0.400 52
2£ K Shoot length 0. 390 40 —0. 380 06 0.400 37
-4 % 2 # Average germination speed 0.382 11 —0.203 89 0.398 51
R £ 7% 71 Root activity —0.422 20 —0.003 12 0.293 29

2.5.3 HAFmARESH NPk FER
TR AT A6 TR X A e 3 SR80 P P i R % A A L 1)
e AEVR BE L X b B R A5 HR AR AT R I M A5 AR L
2. M 2-A v e RR ECBE B R 15 B B A [
WENRABRAME R 2 2, HP Lo, 1 A 10
mmol/L 4 [ 24,3 1 5 mmol/L K45 11 25, %1

A
0
N
- =
« 8
E2 10
E
X0
&S 3
x:
" 5
L 1 1 1
0 5 10 15

Wk [5G FE B Euclidean distance

SRR 3 M5 mmol/L B ZRAUR AT, A 2-
B AT %0, 7E KK G B 35 0 10 B, B S [ i B A 4 i Ak
PR MBI, Hoh L 0 mmol/L 5 T 2%.1~10
mmol /L %5 11 28 . 3 B Ay 462 B X 4 Jih 38 (Cug) R
I R o - 1 % % R OR A

B
0
g
T8
SE
E‘E I
(5]
o
i s
1% =
Lo
L 1 1 1
0 5 10 15 20

WK EGFE B Euclidean distance

2 ERTR CA)FFTERIR (B X 47 k30 T SE30) 458 b 3~ 14 22 52 ) 1) 2R 26 20 B

Fig. 2 Cluster analysis on the effects of malic acid (A) and citric acid (B) on seed germination of

Solanum pseudoca psicum under copper stress

3 1w

ol RE 5 1 B BT A MR DR LA R R ) B
TS AR AR K i R b ) 32 A LR BT S
HaEm RN REENZHEE. HaAEY
S X T 4 A A R R Y 2 R A 7E 4
PR AR WIE D 1 320 me/L IR AE TS R
Xp Cu®" Al Zn®" S W30 H A AR A4 T A2 4 . A
K R 6 A Tk R A B AR R T R ZE R R
2SR ZFAR BTG 118 RO 2 K AR R bR 2 B B IR
PG, 576 8 ROKRE L i sy 45 21
—H YRR WE D 40 me/L i IR A

25 AR S T AR ORI ZF R B2 AR 2 A F
500 » K A A 2 BT

S 2 R AT 6 R R AL R N B2 Y 7 R ) A
LA A LR A A AR BRI AY 2 W
MAEW AR KRG A EBELWE . AP, Y
SRR L D9 5 mmol /L i, B4R A 1 A 25 R
ZF 5 RO 1 48 B0 18 B B R s SRR PR 5 &
RS UM G (P<<0. 05, HEERK MR R 3E
M 3 U DG (P<0. 01D, 2 WA e J8 3 L 1R
2 fifk A 1 30 0T IS B8] A% Ao W 2 B4 A R R v
JRE 30 SR R 4 0+ S 3 M b 1 2R R 2 R ARG X
SAERTR FRAE T RAZ RN I BT 45— B



26 P AL AR AMRB 3 2222 4R (A SRR 2 B 9% 50 &

FE 13 o3 AT 2 BT 3 O 48 BOAT AR SR VT A BIL IR 2% i
] 30 CCugo ) 0T T 28 A5 ol - W i 5% il 1) B S 2 B0
RAEp Pt — 25K B3 F 5 mmol/L 3P 5 ER X 4 Jiiy
SIEN NI E S R A NS R o E O 7 N [ 793
Tyt 18 TR % ik 4 10 30 T I AR o W % 4% 48 bR AT 4
B % 30 ] 138 T A A R AN B B2 v B B MR b 1 K 2
AT & 25 35 Lk 28 48 BT J1 48 BORN 28 K 5 48 %
(52 2 /0N o 25 R 5 e K R B A T R R
A AT A RN — B, R R R B S I A R
TG HRE F R AR R TG 7 20 B U 6 (P<
0.01) 1 5 HABFEFRAH R B2 . IR I &
AN 1~10 mmol/L Fr& IR R N — 2K, R
P T 0 Jofk 30 T S AR e W A B2 0 Y R i ROR AN
. H RPN AN TR R pH A BILIR X AN 5] AE 4
ik AR ETHZmA R .

HR AR I I 2 S W AE W) AR 3R AR A 1 3l i — T4
B ARG e R, SR R vk S I AR AR RS h
M A G (P <<0. 01), 3 W] 5E B B (5
mmol/L) SRR e e MR R AEK LT . Z M
o T R R R SRR R 23 IR R )L X
S ah 2R N A SRR R i g 4G AR —
B AN Ve B A A T T ] 2 41 ) S A AR R S
TG E B X SR LR A R A —
.

4 % B

ASAIF 52 AR Fh 30 A5 2R 552 K 2 A AL R T
AN ) e J3E S 2R R AT AR o 23 M HE G A Jilh 3 T 28 4
Pl A SR o A5 R A B 0 T e R s 3
SRR T A 2F A R R IR BT 1R B
KA KRB ARE B G, S50 i e 1
40 mg/L f . I B AR B 5 Ok 2F R L E 2 4 (P <
0.05) . L% J7 48 ORI 2F K 52 3 B 2 3k 5] 5000
A 20 M 2 W e o S SR R AR TR 2 40 o 3
WP 2 2R ARl O B AR
JE o3 M R AL T AR ROAT A VAT HILIR D ik B
J0T 0 B4R 5 A A2 A S R SRR A A
% T Xt i A 3 4 ) I M ol 1 i e 3 AT — o R A A
FH AR SR R B G il R S 35 0 T AT AR S SR R Ik
J¥ 03 5 mmol/L i, X 4 Jop 360 410 <t 0 380 48 ol 5 17
1 22 fiff S8R foe A

[ 5% sk ]

[1] Wang S.He T,Xu F,et al. Analysis of physiological and me-

(2]

(3]

[4]

[5]

(6]

(7]

(8]

L9l

[10]

[11]

tabolite response of Celosia argentea to copper stress [ J].
Plant Biology (Stuttgart,Germany),2021,23(2):391-399.
R 8 A A o] I 0, S (4 ) b 3T YR U0 0 A A HROR
Br L. el R 22541, 2017,36(9) : 1689-1692.
Chen N C,Zheng Y J,He X F,et al. Analysis of the Report on
the national general survey of soil contamination []]. Journal
of Agro-Environment Science,2017,36(9):1689-1692.
Tahjib-Ul-Arif M,Sohag A A M,Mostofa M G,et al. Compar-
ative effects of ascobin and glutathione on copper homeostasis
and oxidative stress metabolism in mitigation of copper toxicity
in rice [J]. Plant Biology (Stuttgart,Germany),2021,23(S1)
162-169.
Eva O,Guy J D K,Walter W W, et al. Interactive effects of or-
ganic acids in the rhizosphere [J]. Soil Biology and Biochemis-
try.2008,41(3) :449-457.
Yang J L,Fan W,Zheng S J. Mechanisms and regulation of alu-
minum-induced secretion of organic acid anions from plant
roots [J]. Journal of Zhejiang University: Science B, 2019, 20
(6):513-527.
FEOIESZEHE N EH S SMEAR S T A HLER X AZ R Rl B
K B A w PR R [T ], VIV AR KA 4R, 2017, 39
(2):302-311.
Zhuang Z,Li Y J.Liu Q Q,et al. Effect of exogenous low-mo-
lecular-weight organic acids on the seed germination and seed-
ling antioxidant properties of Cunninghamia lanceolata []].
Acta Agriculturae Universitatis Jiangxiensis,2017,39(2) ;302-
311.
Bro BLBRISEE LA ELEOEREM SR RBEN G T F
A4l B AR R B g e (D] o A 2 Rl A R (P e
3),2021,29(7):1159-1170.
Jin X,Chen H T,Shi Y,et al. Effect of citric acid seed priming
on the growth and physiological characteristics of tomato seed-
lings under low phosphorus stress [ J]. Chinese Journal of Eco-
Agriculture,2021,29(7):1159-1170.
KOELERRE R R, S AN ] AR AL B 5E AR TR A4
iR KRR (1], fF,2015,34(8) 1 79-82.
Song C,Wang Y H,Zhao G,et al. Effect of soaking with differ-
ent acid on seed germination and seedling growth of tartary
buckwheat [J]. Seed,2015,34(8):79-82.
Giinter N, Agnés M, Nicolas L, et al. Physiological aspects of
cluster root function and development in phosphorus-deficient
white lupin (Lupinus albus L.) [J]. Annals of Botany, 2000,
85(6):909-919.
Liao H, Wan H Y, Shaff J, et al. Phosphorus and aluminum
interactions in soybean in relation to aluminum tolerance exu-
dation of specific organic acids from different regions of the
intact root system []J]. Plant Physiology,2006,141(2);674-
684.
P WU W ORI T, A8 ANIRA HLIRR X/ 6 R (Eu-
phorbia thymi folia L)W 5 5575 % £ HEM M (1], 555 T
43R ,2015,9(10) :5096-5102.
Zhan S W,Pan W B, Lai C X, et al. Effects of exogenous or-



% 6 3]

AR 55 AMIBAIR A3 T A LR X R Mk T 0 A W B e 27

(12]

[13]

[14]

[16]

(171

[18]

[19]

[20]

ganic acids on phytoremediation of Cd-contaminated soil by
[J]. Chinese Journal of Environ-
mental Engineering,2015,9(10):5096-5102.

ZEARBE . IR R R IR R TR X AR W 38 T R AR L0 7

W5 [D] Kb #IR K%, 2014,

Euphorbia thymi folia L.

1 5%

Li H Y. The effects of exogenous citric acid and oxalic acid on
cadmium induced physiological response in Boehmeria nivea
(L.) Gaud [D]. Changsha; Hunan University,2014.

Ma J F,Peter R R, Emmanuel D. Aluminium tolerance in plants
and the complexing role of organic acids []J]. Trends in Plant
Science,2001,6(6) :273-278.

FRE L A HLER A )X 68 B 38 R il 3% (Brassica napus
LA AEFRUR 2 53 W 9 04 9 2 B 58 (DL Wi L 4 46 - Wi
YLURE K%, 2011,

Wang Z Y. The regulation of organic acids and inhibitors to
growth, physiology and root exudates of rape (Brassica na-
pus L.) under aluminum stress [ D]. Jinhua, Zhejiang: Zhe-
jiang Normal University,2011.

Xu H,Xu L F, Yang P P,et al. Tobacco rattle virus-induced
phytoene desaturase (PDS) and Mg-chelatase H subunit
(ChIH ) gene silencing in Solanum pseudocapsicum L. []J].
Peer J,2018.6:e4424.

Alagarmalai J, Selvaraj P, Kuppusamy E. Biological activities
of Solanum pseudocapsicum (Solanaceae) against cotton boll-
worm, Helicover pa armigera Hiibner and armyworm, Spo-
doptera litura Fabricius (Lepidotera: Noctuidae) [ J]. Asian
Pacific Journal of Tropical Biomedicine, 2012, 2 (12); 981-
986.

X I I LT A L 5 e A L A B X B AR AR N M IO P RAR R
WA LR (1], 280 FH2.2011,31(5) :458-462.

Liu T T.Gao H J,Wan X C,et al. Impacts of aluminum on
root cell membrane permeability and organic acids in root ex-
udates of tea plant [J]. Journal of Tea Science,2011,31(5):
458-462.

ARV 3K T &5 . 8 B 1l . 48 PEG-6000 a8 5 91 & 4t
AL 5T [T WAL RMBHE R F 2 CH SRR MO
2020,48(11) .23-32.

Hao J F,Zhang Y X,Jia Y S,et al. Identification and evalua-
tion of drought resistance of alfalfa at germination stage un-
der PEG-6000 stress []]. Journal of Northwest A&F Univer-
sity(Natural Science Edition),2020,48(11) :23-32.

iy AE.E B IR e S B0 R AN X T AR e ek
TV 1 R W R e g 2 i (7). AR AR ER B4, 2021, 30(4) : 866-
873.

Yu J,Huang Y,Zhang J L,et al. Effect of phosphorus on the
formation and adsorption of arsenic in the iron film of the fen-
nel root table under arsenic stress [J]. Ecology and Environ-
mental Sciences,2021,30(4) :866-873.

BRI =T AE AT PR AT SR T8 R A TR v
NaCl 38 g 5 [J]. #0424 41 . 2021,29(1) - 88-94.

Li T Y,Yan Z Z.Jiang S X. Responses of seed germination of

two Lepidium species to different concentrations of NaCl

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

stress [ J]. Acta Agrestia Sinica,2021,29(1);88-94.
SCHAMG . B AR, BRI SR B R ) AKX T 4
JE 44 BT W ad e 8 [J/OLD. 4 F # 9 & A, 2021 1-16
[2021-09-03 Jhttps://kns. cnki. net/kems/detail /46. 1068. S.
20210308. 0905. 004. html.

Wen Y P,Luo R,Wang Z Y,et al. Responses of Ricinus com-
munis L. seed germination and seedling growth to heavy met-
al copper and zinc ion stress [ J/OL]. Molecular Plant Breed-
ing,2021:1-16[2021-09-03 Jhttps://kns. cnki. net/kems/de-
tail/46. 1068. S. 20210308. 0905. 004, html.

X g4, F X S5 R SR R R4
AR RS (1], B 5 B4, 2019.39(4) 1 10-18.

Liu Q H,Wang H H,Liu L,et al. Effects of copper,cadmium
and lead on seed germination and seedling growth of tall fes-

cue [J]. Grassland and Turf,2019,39(4);10-18.

EREIE B 584 GG OB B A X K RS AT

WA BRI [T, Ak SREERL 24, 2021,40(1)  44-53.
Wang Z Z,Yang L,Li J,et al. Single and combined effects of
microplastics and cadmium on the germination characteristics
of rice seeds [J]. Journal of Agro-Environment Science,2021,
40(1) . 44-53.

ik R A FNAE T L BRSOWE 45 A HLRR 2 AL B i
sy [J]. A2, 2013,33(15) :4591-4598.
Zhang Z Z,Sun Z H,Chen W H,et al. Allelopathic effects of

X I B4 Al 2%

organic acid allelochemicals on melon [J]. Acta Ecologica Sin-
ica,2013,33(15):4591-4598.

Pt SR LR X BRI N R LR TR KA A K
i L. ML REE, 2013, 38(4) :5-7.

Yang H B. Effect of exogenous organic acid on seed germina-
tion and seedling growth of buckwheat under salt stress [J].
Journal of Northeast Agricultural Sciences,2013,38(4) :5-7
T OB ESCHE L EREAE AR MR EE R X KRR R E Y 2
i L] 17 53R B4 92 4% . 2010, 16(5) . 617-621.

Yu M,Wang W G,Wang S H,et al. Alleviative effect of exog-
enous citric acid on rice under copper toxicity [ J]. Chinese
Journal of Applied and Environmental Biology,2010,16(5):
617-621.

RS EARRE K DAL A R E T AR X 2 AR AR R A
it T & RSl AR BUREPE S e [T RS BB, 2019, 39
(1):54-59.

Huang Y T, Wang D L., Zhang W H, et al. Effects of citric
acid on germination and seedling physiological characteristics
of perennial ryegrass under aluminum stress [ J]. Grassland
and Turf,2019,39(1) :54-59.

R RRSE £ H O, FARE A AREA T AN BLRR XTI S AR R
HBPREE RSN [T ) AR AR R, 2013,40(11) £ 16-20.
Yan S Y,Wang Y P, Wang Z Y.et al. Effects of the exoge-
nous organic acids on rape root exudates characteristics under
aluminum stress [ J]. Guangdong Agricultural Sciences,2013,
40(11) :16-20.

(F#% 34 70



34 PE 3t e AR I 2 2 4R (B A REE D 95550 %
tal nitrogen content in {resh leaves and leal powder of Den- Zhang G F,Du S S,Shi R, et al. Effects of treatment methods
drobium orchids using near-infrared spectroscopy [ J]. Horti- and extraction solvents on the antioxidant activity of pine nee-
culture, Environment and Biotechnology,2021,62(1):31-40. dle extract [J]. Chinese Journal of Hospital Pharmacy,2017,

(171 Ak o A5 BRUMG . % 3 T L0 R #l s U0 & 37(16) :1602-1606.
TR [T, #2441 2018, 39(1) 1 182-188. [24] QiuJ Y,Chen X,Li Z,et al. LC-MS/MS method for the sim-
Lin Y,He Z D,Mao J P,et al. Prediction models of oil content ultaneous quantification of 11 compounds of Ginkgo biloba ex-
of agarwood based on near infrared spectroscopy [J]. Chinese tract in lysates of mesangial cell cultured by high glucose [J].
Journal of Tropical Crops,2018,39(1):182-188. Journal of Chromatography B,2015,997.122-128.
[18] k%, BgMG. 5k . 25 0h 3 o o3 19 4k 24 0 25 3 4 [25] SRRk, L — T, {0 M 75 76 0T 20 AP OG 3% i i/ — Sfe A0 9 11
(3. A E 2§, 2018,40(11) ; 1-6. R an (1. o3 #2412, 2020, 39(10) . 1282-1287.
Lin Z,Li H P,Zhang S. Chemical and pharmacological effects Zhang R Q.Du Y P. Propagation effect of instrument noise in
of active components of tea []J]. China Tea,2018,40(11):1- the partial least square model of near infrared spectrum []J].
6. Journal of Instrumental Analysis,2020,39(10):1282-1287.
[19] Grzesik M, Naparto K,Bartosz G.et al. Antioxidant properties [26] ZEiREE. 3T NIR A1 HSI AR B A8 1] T 20 4% 8507 1k B fic iF
of catechins: comparison with other antioxidants [ J]. Food 55 [D]. &R0 ZHUR ol K24, 2018.
Chemistry,2018,241.:480-492. Li S H. Study on the digital tea blending tea of Keemun Gong-
[20] il , & R, 2 B, &6 R 25 3 44 O SO B fu black tea based on NIR and HIS technology [ D]. Hefei:
e AL [T]. B 5% #,2019,19(8) :303-311. Anhui Agricultural University,2018.
Gu Y J,Jin E H,Li B,et al. Inhibitory effects and mechanism [27] Li X L,Sun CJ,Zhou B X,et al. Determination of hemicellu-
of pharmacological active ingredients from tea on oral patho- lose, cellulose and lignin in moso bamboo by near infrared
gens [J]. Journal of Chinese Institute of Food Science and spectroscopy [ J]. Scientific Reports,2015,5(1) :229-244.
Technology,2019,19(8):303-311. (28] XHbAR. THREZMMMEGL A 5 Fp JL 2% 3 20 43 35 20 S e il &
[21] Huang Y F,Dong W T, Alireza S, et al. Development of sim- FEEgE [T]. & Tk B .2016,37(15) : 316-320.
ple identification models for four main catechins and caffeine Liu H L. Research of rapid measurement methods of caffeine
in fresh green tea leaf based on visible and near-infrared spec- and five kinds of catechin components quality ingredients of
troscopy [ J]. Computers and Electronics in Agriculture, congou black tea using near infrared spectroscopy [ J]. Science
2020,173:105388. and Technology of Food Industry,2016,37(15) :316-320.
[22] Maninder M, Uma K, Anupma S, et al. Green method for de- [29] BRAEA.H BEBRAE S LT 48 0] 3 o BRI 25 09 2% 2 1
termination of phenolic compounds in mung bean (Vigna ra- JLASE G 20 40 o 1 K A5 R o [T ). b2 kS % TR,
diata 1..) based on near-infrared spectroscopy and chemomet- 2006,14(1):58-62.
rics []]. International Journal of Food Science & Technology, Chen H C,Lii J,Chen X D,et al. Near infrared spectroscopic
2016,51(12):2520-2527. model for determinating total catechins in tea polyphenol pow-
[237]  akEEDy ARIAME, s 2L AE. Ab 35 9 R0 B O 7 6 A B H der based on radical basis function network [ J7]. Optics and
Pr b AL TR R [T, v e BR B 252 2 . 2017, 37(16) Precision Engineering, 2006,14(1) :58-62.
1602-1606.
(B4 27 70
(291 B 882U EMA . S5 SMIG R M 56 /b 3R AR Li C Y, Tian X H.Cao C L. Effects of exogenous organic acids
AR R TR A L. P AR ROR B R 2 2 4 CH AR R 2 on phosphate uptake and growth of maize [JJ. Acta Botanica
R .2020,48(9) :105-113. Boreali-Occidentalia Sinica,2011,31(7):1376-1383.
Chen L, Li ] M, Wang S B, et al. Effects of malic acid on (311 Z=won, X MG ARAR I, 45 S IECH LR XS SR 2 4h i iR i & 1
growth, physiology and quality of purple cabbage [J]. Journal gefi s [, VR 2#3.2006(4) :532-539.
of Northwest A&F University ( Natural Science Edition), Li C S.Liu P,Xu G D,et al. Ameliorating effects of exogenous
2020,48(9):105-113. organic acids on aluminum toxicity in buckwheat seedlings
(300  Z=iR el , M3, W AR FY . Sh IR LR X T K Wl Mz e B H A [JJ. Acta Agronomica Sinica,2006(4) :532-539.

REWZm (] VA8 4k, 2011,31(7) :1376-1383.



