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Effects of exogenous calcium L—-aspartate nanoparticles on cotton growth and its potential mechanisms

LIU Ya-lin, YAN Lei, ZENG Yu, JIA Zhi—xian, JJANG Cun-cang’

(Microelement Research Center, Huazhong Agricultural University, College of Resources and Environment, Huazhong Agricultural Univer-
sity, Wuhan 430070, China)

Abstract: To investigate the effect of calcium L-aspartate nanoparticles[Ca(L—asp)—NPs] on cotton growth after entering the environment,
using cotton (E'kang 8) as the experimental material, and a total of 5 Ca(L—asp)—NPs concentrations set at 0, 25, 50, 75 mg+L™" and 100
mg+ L. The pot experiment was carried out in the greenhouse of Huazhong Agricultural University. The dry and fresh weights, root morpho-
logical parameters, Ca content, chlorophyll, root antioxidant enzymes, malondialdehyde (MDA ), and electrical conductivity were deter-
mined. Compared with the control, Ca(L-asp)—NPs treatments significantly reduced the dry and fresh weights of cotton and inhibited root
elongation. The maximum Ca content in root, stem and leaves were 7905, 13 144 mg - kg™ and 38 117 mg- kg™, respectively, which in-
creased by 102%, 61% and 51%, respectively when compared with the control; however the Ca transfer factor decreased significantly after
Ca(L-asp)—NPs application. In addition, exogenous Ca (L-asp)—NPs also significantly reduced chlorophyll content, root antioxidant en-
zymes activity, and electrical conductivity; in addition, MDA content was also significantly decreased except in 25 mg- L™ treatment. In con-
clusion, it was determined that Ca(L-asp)—NPs can inhibit the physiological activity of cotton and further inhibit cotton growth and that
cotton will increase its root—shoot ratio to adapt to stress.

Keywords: cotton; chlorophyll; calcium L-aspartate nanoparticles; antioxidant enzymes
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T AEARBRHEAT Fe— b BB o s A8 5 7Y
WG G L B R AR SRR L TRz N AR T
b Al B2 2S5l U LRl T R R, AN gk
b AT — 59 94 K UKL (Nanoparticles , NPs) 23 Bl 1.
MV FE ) F1 R K HE RN BRIE 24 ep T, o BRI 38 A —
DR o BEAE AOKREAR A PRIUR T, g 1 B0 9K A
B PR R AR PR BEIE I 32 21 ok bl 2
R
5T 2, K L2504 )8 NPs W04 K A AL EE (ZnO-
NPs) 94 KA AL EL (Ti0,—NPs ) (44 K 4R (Ag—NPs) .44
KA (CuO-NPs ) SEHR 2 LA ) B0 A RR S )
R A A P S o X T ) 8 Y A 2 RO IS R B
CuO—NPs 203 Z ] 1 AEARAR ZR ARG, (A ) i
RS, {H R CuO-NPs (<50 nm) % 425G 7+ Fl 7
R R IFAR AR, Ag—NPs X #5536 14 7 11
A B B A T A B I, AR R IR 5 B RE 2 2 IR
BT A R A ] I LA ] T AR ST A AR 0 i
KAt 7 R K1, ZnO-NPs A3 & il T B4
B B AR W I A T AR AT TiO-NPs 4R 3
S EORARAN B RE LA K s, AR 7
M, AR A BRI, VSN TiO.~NPs I IR BE 842 iy
M2 R e, JFAE R BTN P UK 3755 1 W SORITAR 2 4=
K Ag—NPs BE 2 25 40 il 480 m O 19 AR 1 BRAR O
B A5 DNA #5451, X F LR AL — 4R s 2 4F
A PR RIS TP R B, CuO-NPs g5 |2 R 22
BB DR 9 AR AR AR B Y, O 3 BUE M (ROS) 5
HIbE, A E . YA B — R
R T HL , i B ROS 238 SOD , POD 25 5t A AL i
PR BRY, [W YA B 24 oG RS
It DL W XA a T (H A ISR B, A T Aok
FAETT S 189 20 K JE A T 2 S e s 80 1 AL 40 A A
SR AEARIE P
YE R B RUES il 7], L- KA 2 R 94 K 45 [ Calcium L-
aspartate nanoparticles , Ca(L-asp)—NPs |45 #4 f2 & . 7K
VRIS Ry o B A T P A BLIRR
B, HAE g NS B SRR AL C w2z v N (H
FEHE PRI 5 A0 KU P 37 A7 e i . A SCLA R
T3 WL 28 T VR WA 48 g a3 b kL, 3 B A [ Uk
Y Ca(L-asp)—NPs &b # il F #8 #k T fif Ji 5 AR R
& JUR G R AR PUAALEF MDA | HL &R
IR AN, LI M IR A48 7R Ca(L-asp) —NPs 44 K i
LT A ) 1) R 0N B R B 58 1 5 i 1L 3 4 1 3
WA

1 #R5FE

L1 R B # #HFIR

Wt e SRS S S N2 R R U LS R R A
SEAE A SR 8 SR AL -, Fh 7 VR BRIR (98% ) i 4%
5 PR D oe JS Bl B AIVE K ph ik B AR , AR S
He Bl TN 36 CHEFE LT 48 h DIBSEBR Fl 7~ R
BEBRIRIR -, FH 60 CRYTRFF/KIR I 6 h 2 B %
BRI A8 T A L R A R,
B N\ 30 CHEFRA WS 1 2F 48 h, e i 7 v A g 1R
IK CAPRFFRD TR o & 275 R A6 BB SR AR
(IR JEE - 1K 30 C/HR A 18 °C, JE58 - 10 000 1x) #4785
FeL R R L 724 )7 22 R S35 LY
A IR T R T A IR RS IR, B R R P Ak
B IR R C ) 2 28 BT 227 A Armon 1Y TC 5 JF & A
2 21, 0.240 g - L' NH.NOs, 0.100 g - L"'Na,HPO, -
12H:0, 0.100 g - L' NaH,PO, « 2H,0, 2 mg - "' KCI,
0.360 gL' CaCl,-2H,0,0.500 g+ L' MgSO,+7H,0,0.22
mg * L' ZnSO, - 7H,0, 1.81 mg * L' MnCL - 4H,0, 0.09
mg + L™ (NH4)6M0;02 + 4H,0, 1.2 mg - L™ H;BOs, 0.08
mg- L' CuS0,+5H,0,48.5 mg- L' EDTA-Fe.

Ca(L-asp)—NPs i =V [ 28 E W BHE A PR Al 4
it 4l > 999% , FiAE Ky 20~80 nm, &5 Ji ik B (L Ca
)N 12.0%~13.8%, K V&R G 279% , B F 4
AR B . R 15 51 CalL—asp)-NPs bR . 0
(XFHR) . 25.50.75.100 mg- L', 54 BlHL , 454> b 34 4
KA BRI R A 1R, 28 d 5 45 A0 HE S B
FIZE 5, EIST XA AEZEA TSR DA S AR SCHR AR B € o
1.2 MEBB K T7i%
1.2.1 AR AR bR AE Py it I o

FE AR SCAR B, 1> 4 B B ML 6 B 3 R AR A, T B
RN 8 R A ke %) o R SR AR B, IR P 34 (E A
M&#A{E . FH Epson Perfection V700 IR Z 43 AU AR
RIEZUEATHE, FFH WinRHIZO MR R 200 R G840 #r
L FR BHR K (Total length, TL) | #2 5% I X (Total sur-
face area, TSA) . HR & {A&FH (Total root volume, TRV ) AR
44 H 4% (Average diameter, AD) FIAR 2R %L (Forks, F)
M ARILSIG R FER OGRS R 2K o gk T4, 4%
AR A AR ZE A 3383, 0 301l DN 7 A% P A6 1 i Joit
L SR A AR AT 105 CCHEAE A T 30 min, R )5
1E70 C T2 A B i, PRt T,
1.2.2 855 /A E

FRAEAR 25 ot R i8S B T KA - T R
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A3 BE I T, B TR B S AR S S AR
i, B0.1 g FE S BCE I b, R iR b 5 e AT
HBPHE 500 CHRAF T T RAL4 h g%t FH 0.1 mol - L™
() HCL I fiff A 8 Je R DA = R oS s S0 0 5 5
B EERS IR T (TF) R R R 5 A

Cashom
TF=—/—"

Caroos

FH s Canon fUFHE_EFPEG 1 12 5 Cana UFARTPEG 5 1
1.2.3 iR & ny e

FRE0.2 g B i Fy, 25 kO BT CE 50 mL FE
A A 25 mL 95% 1 1, 35 11 5 PR g ol B
24 h, ¥:57, DL 95% 1) L E R 25 Il 665,649,470
nm Zb ARG, (B R W (mg- L) 42 I8 F 201430

(1)M4E2 a Chl a=13.95A665—6.88 Ao

(2)M44 2 b Chl h=24.96A610~7.32 Aess

(3K bR

_1000A4 —2.05Chla — 114.8Chl b
245

1.2.4 WEPAABHEE MDA &8 B SR &

BL0.5 g B BEAR , JILA 5 mL 50 mmol - L B R ZZ nr
W (PBS,pH=7.8) , TE W MU BIFER I B S5 %% A 10 mL
B L8 ATH (20 min, 4 °CL, 10 000xg) , W 5
T AR R R Y o R AR AR B AR (SOD, EC
15 1.1) SR U DU M I S50 0 7 | 3 S A Tl 1
£ (POD, EC 1.11.1.7) 2R F &1 A AR i Ak 200 5 |, Bt
IR ML PR ot 8 AL W B 5 1 (APX, EC 1.11.1.11) Fl it 48
b G BTG PE (CAT,EC 1.11.1.6) LA K MDA & 875 1 43
FeIEEETH(UV-1800, Mapada ) il 8 AS [5] W 5% T 195
% (OD) JRIHE R AT, M 38 iy A A0 8 O 1135
SRAF,
1.3 RS

K Excel 2010 #4178 AL B, Duncan i & W 2%
AT RNy 200 S B EPERE K (ANOVA, SPSS
Statistics 20.0) , Origin 8.6profE &,

2 HRESW

2.1 AREMRE Ca(L-asp)-NPs M H8TE £ KB M

AN [R) e AU Ca(L—asp) —NPs XA 48 i) A= K 32
PRI R, LR B 30, AR
s (P 1A) o 5 ) BEHH L, A A6 B =5 A SR TS i 25
mg- L™ Ca(L-asp)-NPs IS & 45 HY B 25 T R, bRy
W2 14%, 50,75, 100 mg -« L 2L BRI, R B RN
37% .30% .35% , 3135 . 3 K- H ik 3 A~ Ab B2 0] TG
25 (E 1B) . FEARMAKAE 50 mg- LB LS

U B S 2 22 57 /E 50,75 .100 mg - L™ A0 HIF, #2
WD T 27% .34% .33% (- 1C) , i IE & 4 KA RE A
FEARAEINIR AN I Ca(L—asp)—NPs J& , Hith 38 AT
A 2 3 5 bk 2 R I R
2.2 AERE Ca(L-asp)-NPs SR L EREW =W
=AU

Xof A A6 AR AR B B TR E AT A0 AT R B, Ca (L

0 25 50 75 100
Qb PR BE Concentration of treatment/mg - 1!

35T B

——

301

——iz

251

o

¥k Shoot length/cm
5

0 25 50 75 100
ALY 4 Concentration of treatment/mg - L™

301 C

HH e

|
: |

cC

£ be . I
3 2 I
E I
< Isf
Cdc +
« 10f
% -

5.

0

0 25 50 75 100
QbR JE Concentration of treatment/mg - L™

F B R P EAREZE (n=3) , RIRVNE FEEFR [ — 8 b AN ]
AP 8] 22 57 8% (P<0.05) . FF]
The data in the table were mean + SD(n=3). Different lowercase letters
indicated that there were significant difference among different treatments
(P<0.05). The same below

1 AEIRE Ca(L-asp)-NPs X8 7 & <R B9 220
Figure 1 Effects of different concentrations of Ca(l.—asp)—-NPs

on cotton growth
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asp)—NPs ¥ JE A [R] 0F, AERRAR 25 (i) T i o o 22
SR EGRD . MR R K BAE 75 mg- L' Ak
P, B KT B BLAE 25 mg- L AR BR . B Ca(L-
asp)—NPs ¥R J& (3G T, 25 09 1 5 i @ 35 T %, L7
100 mg- L™ B3k S| fe/IMEL, BB 55 %8 BEAH L 5 J5 it
G3 I 66% Fl 63% . W T J5T it A /IME AL 3 R
£ 100 mg- L™, 5 XF BEAH Eb 43 511982 52% F1 50% . {H
fiti A Ca(L—asp)—NPs J& , A Pk B9 HLIEE H 3G K, 3k mT B
St TR AE R Ca(L-asp)—NPs 253 44 H 19 38 1o 7
Gigls
23 RERE
v bl
WmE 2 s, i SR Ca(L-asp)—NPs B Jiti A,
RRAEAE R AR (25 I 5 5 i 5 2 S B ek 2 iy
e MLAS S A i e AE 75 mg - LTAR
L, 435 4 7905 mg - kg F138 117 mg- kg™, FL X 434
I 102% F151% , ik 3] i 3 22 55 K8, (it A St 8
75 mg - LB 45 70 AR o ) A S R
ZR48 5 RO BIAE 50 mg - L ARFRI, oM 13 144 mg-
ke, HEXT AR 61% , BUJS 55 7 ot 5t TRk s . Xt
B B TR A T e B, 55 0T R B R G B
[ F7E Ca(L-asp)-NPs ifi A J5 B2 &, Hof/MEH

Ca(L-asp)-NPs iR EEEE R HEE

PRAE 50 mg - L A HE, 4 6, 3X 15 B ifi A Ca(L—asp)—
NPs /0] 785 ) AR
2.4 AERE Ca(L-asp)-NPs W EBEESERIF M
WE 3 iR, 50 BEAH E, W3 25 mg - L' Ca(L-
asp)—NPs X} Chl a.Chl b i) 7 & JC . 52 ), {1 g 3%
PEm 1 Car B9 &, WSINHEDHLL 25 mg- LB, Chl a,
Chl b A% 2 2 3 N B, 1 Car A9 75 255 X0 BEAR L G (2
#7225 . Chl a/b WETER AN Ca(L-asp)-NPs i}
AR PET, IX UL AMEES I Ca(L-asp) —-NPs Xf #i 4&
Heh R MR
2.5 AEIRE Ca(L-asp)-NPs X3 1R R ZSIEFRAT 200
TL.TSA.AD . TRV .F & F R IR AR 2 A KR
1Y RAFFR AR, X 3X S48 45 4 B & B, it A Ca(L—
asp) -NPs J*H 6] THRARMA K (F2), HXHEAHE
L, TL.TSA TRV .F AR 2 sk /)N , H A ZE i A 100
mg + L' Ca(L-asp) —NPs i ik 2| £z /NME, T R R
71% .68% .62% .81% , 1fi] AD FRI{E7E ik 234 K, 760 A
100 mg - L'Ca (L—asp) — NPs i 35 2| 5 K, A X BR B
120% .,
2.6 AEIRE Ca(L-asp)-NPs X 1R R L BEE

i & 4 770, AR 2 SOD . POD APX . CAT 1 2 4h

=1 RERE Ca(L-asp)-NPs X &K&W E K220

Table 1 Effects of different concentrations of Ca(L-asp)—NPs on plant biomass

, i o i = EY i E SRt Wi T Ak I Niisis .
s BT BT T HE Fm e
o Root fresh . Stem fresh Stem dry weight/  Leaves fresh Leaves dry .
Treatments/mg- L. . Root dry weight/g . . . Root=shoot ratio
weight/g weight/g g weight/g weight/g
0 4.00+1.20ab 0.31+0.08be 6.21+1.67a 0.95+0.23a 12.83+3.37a 1.61+0.40a 0.12+0.01b
25 4.83+1.08ab 0.47+0.17a 4.40+1.60ab 0.67+0.28ab 12.24+3.76a 1.56+0.55a 0.18+0.06a
50 3.65+1.09b 0.21+0.07be 2.59+0.29b 0.32+0.09b 7.20+1.13b 0.82+0.19b 0.19+0.02a
75 5.72+1.20a 0.36+0.10ab 3.13+0.61b 0.49+0.18b 10.20+2.14ab 1.23+0.36ab 0.21+0.02a
100 2.80+0.57b 0.20+0.01¢ 2.28+0.08b 0.32+0.02b 6.42+0.35b 0.77+0.07b 0.18+0.01a

T - PR B LR EZE (n=3) , A [l NG FREFROR [ — 8 n A [l g B 22 [ 22 57 4.2 (P<0.05) .

e

Note: The data in the table were mean + SD(n=3). Different lowercase letters indicated that there were significant difference among different treatments

(P<0.05). The same below.

2 AR E Ca(L-asp)-NPs 1R R A5 #RHI 220

Table 2 Effects of different concentrations of Ca(L—asp)—NPs on root morphological parameters
OB JSUIRSIS DS IR R AR M AATR i
Treatments/mg- L™ Total length/cm Total surface area/cm®  Average diameter/mm  Total root volume/cm® Forks
0 1195.20+7.19a 366.91+64.32a 0.90+0.04¢ 8.28+1.80a 6 138.67+1 851.90a
25 987.49+154.27b 329.38+34.96a 1.07+0.07b 8.76+0.57a 3927.00+1 021.09b
50 456.16+62.00cd 163.88+20.78¢ 1.15+0.15ab 4.73+1.03b 1707.67+97.21¢
75 591.00+18.87¢ 230.78+19.98b 1.24+0.07a 7.19+1.01a 2 150.50+163.50¢
100 348.38+70.39d 117.34+17.67¢ 1.08+0.06ab 3.15+0.31b 1 163.00+46.00c
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Figure 2 Effects of different concentrations of Ca(L—-asp)—NPs on Ca accumulation and transport in cotton
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Figure 3 Effects of different concentrations of Ca(L-asp)—NPs on chlorophyll a, chlorophyll b, caroteneoid content and chlorophyll a/b
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JE% A Ca(L-asp)-NPs J5 &% F [, SOD .POD ,APX
TEPETE 100 mg - L7 Ab BRI G PR R AIC, 17 CAT 3 M de 1%
HERTE S0 mg- L AREE . 4 Fhi S84k B 0 7 Pk F0 Bl 2
AMJE Ca(L-asp)—NPs A9t A T 2 B8 55 1 a3, (HAE
Jiti A 50.75.100 mg-L" Ca(L-asp)-NPs i}, POD,
APX CAT WG VEAR H B 28 1k
2.7 AEIRE Ca(L-asp)-NPs SR ZE MDA S E X FE
SR

MDA & it # F R R B ) AR AR . aniAl
58178, TSI 25 mg- L™ Ca(L-asp)—NPs B}, # TEHR &
MDA £ & 5 X REAH b 2 350 &, T A 25 mg - L',
D) 3 25 B ARG, U B AR Ca(L—asp ) —NPs Jifi A ik 51—
FEART, 23 B PR B B AR T . WA R o
A0 5 8 BN B 1 3k G R

3 iTig

NPs i A P58 98 A8 ) WSS 23 XA 4077 A — &R
GIEIVER  HR R JE M NPs B 58— 2 B o FRATIXT R A
AR St A B, VR KM B Ca(L-asp)—NPs # it
NG M AR AR AR, 3 R S AR K B
R 3 s/, O R S SO AR AR R N R L
TEfifi A 75 mg- L™ Ca(L-asp)—NPs i}, H3 & 5 5 31
B KAE X AT GEH U Ca(L—asp) —-NPs A9 B AR
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