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Mechanistic mechanism of calcium L—aspartate nanoparticles to promote the growth of rape

HOU Jiayu', YAN Lei'?, CHENG Jin', ZENG Zijun', ZHANG Yaru', LU Kesong', JIANG Cuncang"*

(1. Microelement Research Center, School of Resources and Environment, Huazhong Agricultural University, Wuhan 430070, China;
2. Key Laboratory of Horticultural Plant Biology, Ministry of Education, School of Horticulture and Forestry, Huazhong Agricultural
University, Wuhan 430070, China; 3. School of Agriculture, Key Laboratory of Oasis Ecological Agriculture, Xinjiang Production and
Construction Corps, Shihezi University, Shihezi 832000, China)

Abstract: An experiment was carried out in a green—house at Huazhong Agricultural University to reveal the effects of exogenous L-
aspartate nano—calcium[Ca (L—asp) — NPs] on the growth of rape (Brassica napus) grown hydroponically. We applied six treatments:
different concentrations of Ca(L-asp)-NPs(0, 25, 50, 75, 100 mg+-L™") and ionic calcium[1.18 g+ L' Ca(NO;):]. The dry and fresh weight,
root morphological parameters, calcium content, chlorophyll, photosynthetic parameters, MDA, and soluble protein content were
determined. The results showed that lower concentrations of Ca(L-asp)—-NPs(25, 50, 75 mg-L™") had no significant effect on the growth of
rape but a higher concentration of Ca (L-asp) — NPs (100 mg+ L") increased plant biomass, including plant height and root length.

Compared with NPS-0, the application of Ca(L-asp)—NPs promoted the growth of rape roots, enhanced the chlorophyll content of leaves,
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and improved the photosynthetic rate of leaves. Applying <100 mg-L™" Ca(L-asp)—NPs, the total root length, total surface area, and apical

number increased significantly by 76.08%, 30.78%, and 1 107.31%, respectively; net photosynthetic rate, intercellular CO» concentration,
stomatal conductance, and transpiration rate also increased significantly by 295.31%, 31.90%, 1 158.03%, and 376.74%, respectively. In
addition, the application of Ca(L-asp)—NPs decreased MDA levels in rape leaves, while increasing the content of soluble protein in the
plants. The research shows that exogenous Ca (L-asp)—NPs can be used as a nano fertilizer to supplement calcium nutrition for rape.
The optimum concentration of Ca (L-asp)—NPs is 100 mg+ L™ as this showed the best growth potential, while the growth of rape treated

with <100 mg+ L' Ca(L-asp)—NPs has the closest to the appropriate calcium level. Ca(L-asp)—NPs has the potential to be popularized as

a new nano calcium fertilizer in agricultural production.

Keywords: calcium L-aspartate nanoparticles; rape; growth; physiological characteristic
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Figure 1 Effects of different concentrations of Ca(L—-asp)-NPs on rape seedlings growth

R 1 RERE CalL-asp)-NPs XHH X4 & £ M E R

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

e fif Jii i Fresh weight/g T-J5i & Dry weight/g M5E E
T W b 13 R TS by 135 BFRER Root shoot
Root fresh weight Shoot fresh weight Total fresh weight ~ Root dry weight Shoot dry weight Total dry weight ratio
NPS-0 0.81+0.08¢ 4.77+0.34c¢ 5.58+0.40b 0.05+0.01¢ 0.52+0.05a 0.57+0.06a 0.17+0.01b
NPS-25 1.24+0.05abc 5.43+1.55abc 6.66+1.58ab 0.07+0.03be 0.51+0.14a 0.58+0.13a 0.24+0.07ab
NPS-50 1.16+0.16bc 5.00+0.38bc 6.16+0.40b 0.07+0.02be 0.47+0.05a 0.54+0.04a 0.23+0.04ab
NPS-75 1.58+0.38ab 5.21+0.49abc 6.79+0.25ab 0.09+0.02ab 0.56+0.15a 0.65+0.13a 0.31+0.10a
NPS-100 1.75+0.49a 6.25+0.40ab 8.00+0.75a 0.12+0.03a 0.53+0.01a 0.65+0.03a 0.28+0.07ab
Ca™ 1.53+0.30ab 6.55+0.51a 8.07+0.80a 0.09+0.01ab 0.61+0.07a 0.70+0.08a 0.23+0.03ab

E  BUEARAG AL B =R A 1 A bR 2e . A8 PR R P REFOR R AR BAE P<0.05 Y B4 22 5. Rl
Note : Numerical values represent the mean of three replicates per treatment + SD. Different letters within a column represent significant differences at

P<0.05. The same below.
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NPs X122 SDW A1 TDW JC i & 520 . SRS 48 AN, AD Bl e R34 in v b, RV U AE 25
FR B AR 568 Fb AR, {2 it FHAS [A) 1R 2 Y Ca(L—asp) - mg- L™ Ca(L-asp)-NPs Ab B ik Bl i KAH , Z S5 bE A

NPs X% AR T s M AN 5 35 e BE AR 3G TN FEAR . 5 NPS-0 AbBRAH L , NPS-25 Fil
2.3 ANEIEXT R R SEIRA RN NPS-50 %if ## £ # TRL.TSA . RV H1 AD JC it 2 5 i

BARK (TRL) B EmAL(TRA) S ER(AD) | NPS—100 &b P 1% 71 3% TRL . TSA Fl AN 43 51| 3 fi1 7
R EARFL(RV) FIAR J % (AN) AT DA e AR 2 A4 K 76.08% . 30.78% #1 1 107.31%, AD Fl RV F& AL T
RO SRR (R 2) , AW Ca(L-asp)-NPs X} 25.79% F12.83%;1.18 g- L™ Ca™ kb P ()32 TRL . TSA

F2 RNEIKRE Ca(L-asp)-NPs XFiH 34N E R R SISRHIZ M

Table 2 Effects of different concentrations of Ca(L—Asp)—NPs on the root morphological characteristics of rape seedlings

b3 JSYIESIS JSESIIEIA SR EAR SN HRIEL
Treatment Total root length/cm Total surface area/cm®  Average diameter/mm Root volume/cm’ Apical number
NPS-0 878.50+45.80d 223.04+5.71b 0.81+0.02a 4.51+0.06a 943.33+50.65d
NPS-25 920.45+119.01cd 237.05+22.94b 0.82+0.03a 4.86+0.33a 1 199.33+89.44d
NPS-50 997.03+14.93cd 240.81+2.71b 0.77+0.01ab 4.63+0.06a 3082.33+1 175.13¢
NPS-75 1 133.00+207.88¢ 253.59+22.66b 0.72+0.08b 4.55+0.26a 7 762.33+1 909.09b
NPS-100 1 546.90+193.04b 291.69+37.94a 0.60+0.02¢ 4.38+0.64a 11 389.00+809.33a
Ca™ 1 890.29+64.17a 321.67+13.84a 0.54+0.02¢ 4.36+0.35a 12 505.33+324.15a
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Figure 2 Effects of different concentrations of Ca(L-asp)-NPs
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Z MDA &N T 237.80%.

Xt AN [6) e i Ca (L—asp ) —NPs &b PR %) 3 52 A AR
AL S AT A AT (B 4B) , 25 3 8w | i
Ca(L-asp)—-NPs 401 T M R A R ml i E
Prim, 5 NPS-0 4L BEAH HE , 76 100 mg- L™ Ca(L—asp)-NPs
WLBLEE: L o N I [ s I e B e S B L By
115.39% 1 62.61%, i 1 Ca® Ab 454 F 43 )38 fn 7
82.92% F1194.46%

3 iTig

3.1 AEMRESME Ca(L-asp)-NPs X3 4 KB 220
YR AL AR R WG AR AN, B A E Bl

on Ca contents in roots and leaves of rape seedlings

R 3 AEIRE CalL-asp)-NPs 3 iHENXE S
Table 3 Effects of different concentrations of Ca(L—Asp)—NPs on light parameters of rape seedlings

MR A R T, BB T XA B 5200

e ?%ﬁ‘ﬁﬁi%% Ja 1] CO. ¥ EE ALTE ?ﬁﬂ’%ﬁﬁ FIKFEZE KRR
Treatment Net photosynthetic rate/ Intercellular CO» Stomatal conductance/  Evapotranspiration rate/  Vapor pressure Water use
(pmol-m™+s™") concentration/( wmol - mol™) (mmol *m™+s™") (mmol-m™-s™) difference/kPa  efficiency/%
NPS-0 6.40+1.15d 240.33+11.93b 64.33+7.02¢ 1.82+0.16d 2.84+0.06a 3.50+0.33a
NPS-25 19.37+5.25¢ 328.00+19.00a 786.67+510.70b 6.80+1.96bc 1.40+0.44bc 2.86+0.06a
NPS-50 17.80+0.79¢ 297.67+47.34a 429.67+200.77be 6.13+1.50¢ 1.85+0.47h 3.02+0.71a
NPS-75 20.07+4.80bc 302.67+14.01a 475.00+202.63bc 6.53+1.36bc 1.77+0.35b 3.06+0.13a
NPS-100 25.30+0.20ab 317.00+3.00a 809.33+45.50b 8.68+0.34ab 1.46+0.02bc 2.92+0.14a
Ca™ 29.90+2.04a 326.67+9.24a 1619.67+603.87a 10.27+0.71a 1.16+0.19¢ 2.91+0.10a
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Figure 3 Effects of different concentrations of Ca(L—Asp)—NPs on chlorophyll contents in leaves of rape seedlings
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Figure 4 Effects of different concentrations of Ca(L—Asp)—-NPs on MDA and soluble protein content of rape seedlings

JL B 2 DA OGO, AR 2B, it P ARV 3 (25
50 mg- L") Y Ca(L-asp)—NPs A2s i E AL M3 09 4
o, 17 B VA R A T R AR AR R AR A 38 T, vk i
IR E] 100 mg - L7 B, I8 35 0 b AR A 2 35 315 412
HEREARA P, R 100 mg- L' Ca(L-asp)-NPs
AL AR RS AE K . TRL.TSA \AD RV Fl AN
R R AR EZEE R, EERR iR A
[ ¥ i Ca(L—asp)-NPs IR AEAR RAAS , I 2
IR TRL . TSA 1 RV S8 M R JE & 45 457, (H AR B

(10,80 mg- L") Y Ca(L-asp) -NPs &t JEAHFEAR &
B A K, e B (160,320 mg - L) XA SELN B AR &
FRAERRE RO A R IR R A K
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