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Promotional effects of nanoparticles on plants
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College of Pastoral Agriculture Science and Technology, State Key Laboratory of Grassland Agro-ecosystems, Lanzhou University,
Lanzhou 730020, China

Abstract: With global climate change and human population increase, the demand for sustainable development of
plant production is more urgent. Nanotechnology is one of the most developed sciences in the 21" century and a
promising tool for sustainable agricultural development. In recent years, the applications of nanomaterials for
enhancement of plant production have developed rapidly, and potential of this technology in traditional plant
production has been proven. In this review, we elucidate the promotional effect of nanomaterials on plant growth and
their mechanisms. We discuss developments of nanomaterial research in plant growth, including uptake and transport
of nanoparticles, fertilizers and plant growth regulators effects of nano particles, nano enzyme enhancement of stress
resistance and nano particle regulation of photosynthesis. Further, the challenges of nanomaterial applications in
plant production and research priorities are discussed, emphasizing the need for a systematic approach to the use of
nanotechnology in agriculture. We hope this paper will provide new ideas for future research on nanoparticle
regulation of plant functions.
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b T 1~100 non (998 KA RS0 58 HURTRFAR L , 98 KA 36 B0 HH V7 20 R ik ek TR, 0/ R BEE AR L 2 R )
AN R AL VERE , T2 BRI ERE IR AL T 7 AT AR AR S B SR 9 KR R TR G KA R
U Hh TARGK BB R BN K AL TEHLAN KA L AT HLAN KA L A HLTIEHL A A A

20 KA R XL 00 B ) 4 B 5 A R TR 2 X A K BRI R s T AR AR EREE A HEAE . WS 4K bR B
BBl R, 76 A 77 8 R 45 B AR AT 5B Al R B BR A P . 2005 4F , Wang 585 — W I T Ak & S i &
WA, b VAl 28 K B AT T B 777 A 19 05 SR, VF 22 90 oK e B T80 F) BT AR 44 OF R o K 43 BIF 5T 445 R e 1, 4
K e A Vi B 5 T X AR A K P A R T R R BT ST R B — 5 AR A R, vk <
20 ppm i 2 B BT AL 1 3 s A

HE— B BT B0, G0 Ko ek T ek AR A% AR 40 A K TR RSO A K N 4 % T S M A ) A K %
B S B T B R A AR R A PR A B R R R A AR R AR B SE
U 4F e 29 K ARk X L 400 10 12 2 1 PR R G A 2 ik PR AT 003 , I 48 110 T 7 10 Bk R A R B 9 110 4, AR 4
e AR AE A AL Th B BF S 5 R

1 2K+ B TEE Yk ) IR U 7035

UKL RO R /N, AT 2R AR RS B HE AR RN . BT AL IRGORE T R AT AR gk ok
U G AR G KA R A A T A A WA AL K R R W RN Ty B R 5 Ak A R T (A RN R
PR BB A AR ) B U)AH SC L I 2 BE B 40 K 45 (multi-walled carbon nanotube, MW CNT) 9 47 Hi
PR /N BBz 5 W HAE K (Zea mays) FUK 5. (Glycine max ) 4123 A1 iR 20 i 25 P9 04 23 A5 70

YN K A Rk A AR RT3 A B A R 3 A RN AR AR R, i B T DL IR AR AN IR T S AL HE A1)
955 R R v, A oK A R T R S R R AR K LR S T A AR AR Aok &R
TE LB (Populus deltoides<nigra) Wl 8] 14 22 v & BRAT 94 K & A , 32 B 99 K 4 RLAE 40 i 1] 4% 36 0 7T i 2
I R 22 iR AR

YRR AR AU AT A ) 412V M, 8 T AR 2] as i (18] 1) o 402K CuO(20~40 nm) Uk B K AR I i
J& 2K JTR A 2 i 0, R S R O ki AR 40K CeO, B AT 2R LY 3B LA
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Fig. 1 The absorption and transport pathways of nanomaterials in plants

A QR A 2 T B IR A AR 2 LR A SR 2 W A PR 2 0 S AR B AMA IR AR WA s B KA R e AR AR A I A A R T AR i
RN AMA RS C: MR R WS AR TR EE RS B 138 D ik R I & ) B 855 % BIARET . A: The absorption pathway of nanomaterials through the
leaves: stomata and cuticular pathway; B: The absorption pathway of nanomaterials through roots: symplastic and apoplastic transport; C: Absorbed by

roots and transferred to the above ground through xylem; D: Absorbed by leaves and transferred to the roots through the phloem.
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MWCNT 51 & Fh 75 , 4 i 4R R o 2] 7 HAFAE™, AR RS  ZEAE b i IR T AR S IO L 3
£ L U LI R B, 5 44 K ik 45 (carbon dots, CDs) AR WIS 28 2648 BT AMA IR A2 32 il 28 25 et ik bk
B o 7 G KB A A W) RO B E T B SR A (H H BT C AT RS R o LLE PERIE S O L 2 T ROR S A
b i = TE BT, X AR B R BB 18 ORI TR AN B TR o T S 3 B AR AR A I W A A2 g A T R AR Y

i/b\izﬁu.zs.zs.m 38]
2 HRMBEE R

TR R E R AR K R T IR BTSRRI 50% MIEY T RS S AL A S ARG AR A
FERE R BCRAR L S 1 B IR V5 Y e 0 AR e i BRI 3 T B A AR A% e AT R I T R L dn i
TR WS 28 1 R BRI ER BT KU S5 ST R L IR R S R LB KA R UKL 60 1R & )5 28 T TR LA 40
KES Y IRFE R A R AR E W 1/12, B 5 R W, 900k &4 8 it & & 082> 50 % B, K 7 (Oryza sativa)
7 I BB TN PR AL E AR A R PR R 0 18 % AR I E A8 Y (HAE B, LR E ST R A Bk
TR A GRS B K A mT [ B R R ST RS T R G e R rh AR R B 2 RO . AE
WAL R RIDESE , AR W 2000, [RI I 28 00 0. 320 B4 K , NLO HE L FEAR 13. 9% , /N2 (Triticum aestivum) = &
P 17,9961 0 A I 7 BB A5 40 K b RERE % G N RL LAk B A 7 TR = AT LA 10~100 mg- L~
B, BE 3 /N A A L B 5106 ~56%

B 555 B RN B A S A, — S g oK UKL IR AT 4R FR o0 R R BERL M BG  . A TR R CaO R Ca
(NO,),, M T 8 49 0K CaO #2857 HE#R h Ca B R it MR R R EE™ . 5 MnSOM ., i HI B 0. 05 mg-
L' 90Kk Mnfig #F T 4% . ( Vigna radiata) R FIZE R E AW RGN 338%™ . Fe'" 5 CDs I M E &Y & it 1 it
JR(Cucumis melo) BEERAE 428 T Fe' HRHOR" . HETC LMK Fe,0, 48K Mg 41K Fe 44k CaCO, .41k
S 1K Mn 44K ZnO S # AT DY SR AL E IR AR 1 R GORIERES B RUACRIIE 84 25 5 55 38 b

3 RMRIBYAE Y K T R

LA A R TR TR R A R SR I SN LA R AV B R AT S e A R B AR AR A ALY BTSGE R T
G KA B T S OB AS AR SR K I G S 4 A G K B A A R T RO . V22 KR R HLA AR ) A
VA0 A ROR , AT SO R 10 4 J8 B0 K UKL , (B A BIF 53K A G K TR sl 40 K il () Y W . AR 3 £ e
— R H NN ALY A K AR T JC R AR —— B EE AR BARL . B B A K B RE I AN OK BB P E A — 2 A AR R
40 >k 4% (carbon nanotube, CNT) .CDs . £7 #8475 . & B8 5k 294 >k £ (carbon nanohorns, CNH ) %52 3% 2 k1 B} L Bk
N EERROT R A E W AT B A RS R R AR R A A . ST R T, HOBE Bk 4 K A (single-
walled carbon nanotubes, SWCNT ) AJ $ 5 /N 22 & 2557 0 W 0. 1 mg- L 9 BRLBE ik 49 K £f1 (single-walled carbon
nanohorn, SWCNH) A fi¢ #F 8l 74 I (Arabidopsis thaliana) F AR K& G ML &, EHF R E T ERH SR ALET AR
KMFEE YUCS, YUCS Fl PIN2 ik ik 35 F i AR 2047 2 B SWCNH S T R4 0 P B R0FROBE ™ 5 B 28 K A
W AR FE TR AR (Lotus corniculatus) R 55 S RHMEY AR RE50 0 AN, CDs A1 8806 & )& S5 £ 9 1
(Pisum sativum) 3% 3¢ (Spinacia oleracea) 1 ¥R M ML IR F B & MR K E B e d g ==

BN KA RHE B ALY B RE S . KBS PRI 10 mg L 'H MWONT, 3078 T AR 28 545 # 4, 2 7 7K FL 7R
P 3 R 2638 0, 0 3R 38 45 1F T AR R WK BE 7, 39 1 VG 22 46 ( Brassica oleracea) Tt £ P o /K {5 I n CDs
(180 mg-L ") Al AR R A K $2 S AR R 36 77, Bh 9 46 2E (Arachis hypogaea) Bt TP, i T 5 AR KRN i K 32 0 X
MR 1. 545 22471, SWONT AL A % i A 40 2 v B2 T SR 00100 Il T W5t 0 0 ek 28 1 38 I ( Cucumis sativus ) AR
R B T HL Cul i AR . CDs AT Cd* ", I 4 i 43 e T K& 1 Bk PR 2 5k i, b 3 B ALK /N 22 A 7
(Citrus mazima) A o Cd™ & &' R SR I M FRAR R R E R Em L FE AR, MWCNT i@
ok 9 THT W B, IR AT A AT T A X A B R
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B 4 KB RER AR A SO S H B R R PR DI AR OG o Zhang %67 R H L-F1 D-2F e 2R & B A T4
L-CDs fl D-CDs, Jf- kb # 4% 57 J5 & 3, W A 28 7 CDs #0] {2 iF 4 & A 7 i & AR R AR ORI B3 o0 A 1, I 4
R 2R 36 FURZ B B -1, 5- 85 R 2R 1L i (Rubisco) i P , {5 D-CDs ¥R % i 71 Fil Rubisco 7% 15 i 52 1 2 3% /5 F L-
CDs(28.9% F167.5% vs 8. 4% F120.5%) . X EWE G (Cicer arietinum) W52 £ W, HA/NF 10 nm ) SWCNT
B H AR 180 nm i MW CNT M2 B BUR A i ELAR 290 4.5 nm (1) CDs {2 4 JUR #2217

4 MABSEHMT

— LB YRR S A A W L e AR R P M Dy I B A B R 1. 50 mg- LK CeO, UKL . 3 4R =
FH 2 (Dracocephalum moldavica) B ™ . W 100 mg- L4 K ZnO 1] & 35 28 ft Tk T 2030, i 138
TGN 19. 7% . H AT HGE AR A1K ZnO 41K TiO, 44k CeO, 412K Si0, 412K Mn,O, . £ 2 5& & #)
G E R PR PR B A M aa AR

FE W) %2 B AE A Y A s, 22 75 A K 1 4 (reactive oxygen species, ROS), S8 1R G 28 2L A DNA
AL, T BR ROS AT 8 35 48 m A be i v (&1 2A) . Wu BB 98 & B, CeO, 44 K ok nl i BR IF A b ROS ,(H 5
HA R IE R TIA O . TN R B 1Y CeO, WKL (Ce®' /Ce' ' =35.0% , Kif2 10. 3 nm, LA —16.9 mV) i I IF
A ROS FEAK 52 % HZ AL 1Y CeO, ik (Ce® /Ce' =60. 8% , ittt 12. 6 nm, B A7 9. 7 mV)H i 1 i A ROS
SR BRIEGURA R, 0K Fe,0, 40K ZnO 412K TiO, 412K Mn,O, 1 B A 3 B ROS IRE 11 % 2541 K}
HBR ROS ZKFEE LY &8 5 T MM A4k, 10 CeO, M AL VLI I T

Ce'" o Ce'" + e
Ce* "+ OH — Ce*" 4+ OH
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H,O,+ 2Ce* " + 20H — 2H,0 + O, + 2Ce*"

#kPikL Nanoparticles

iR Fpact

Low temperature stress

TRl

Drought stress

]

Salinity stress

| TN A
The leakage of bacterial

2 WKEBRSEWHIE LS

Fig. 2 Improvement of plant resistance mechanism by nano—enzyme

A GRS T B ey AR G L DU 5 B - RO A BEL AR ST A K ST BE 23 5 S A RO, 3 G PR 3R 3K S BN A M o
P A4 . A Nano-enzyme increase plant stress resistance by ROS scavenging; B: Nanomaterials hinder the absorption of water by pathogenic
microorganisms, resulting in plasmolysis; Induce ROS production, resulting in abnormal gene expression, destruction of cell membrane integrity and cell

leakage.
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AN, B T A T AORR Y, B 28 A A W B 4K B (superoxide dismutase, SOD) LN , T i 25 £ = 4
Yoo asiPE T gOKob R 5 A A 0 P 5 2 SR AN K B G L — Rl R S A P R R iR AR . IS
KL, A2 CDs(N-CDs) 5 3R i & 4k ¥ i (horseradish peroxidase, HRP)JE . & & ¥ N-CDs@HRP, A] & 2 # 75
HRP 36 ¥, 5 10 2 e bl po st o

TE 52 W6 A ) 38 J7 T, 98 oK B OREELAG O R A0 90 66 Dl Gl A= ) BB RE T, R IR W i 3 R R o N R AR B AL T
(Fusarium graminearum) MALHL 9 T1 0 ( Fusarium poae) BIWFFE & B, 3530 40 K A BHAE 7617 3% 1 SR 4R, %2 il 4 1~
WK, 1 B J5T BE 43 5 2 B 4 OK B ORL AT RE MU BRI AL 2 — o FRBEIRGOKAE A S A b A SIS EA iR
BRI 973 JL R 7, HL v BRLRE B 40 K A AR R 47, 500 pg - mL T ELRE 40 0K A R A8 ik 6 TR 6L Y KRR A 95. 267 Ik
AN K TIO, HHK ZnO Vi AR 5678 JROBE 90 K J0RE [ RE BLAT O 5 10 i i fig 0 A AL WL IE 2B, 9h
KA IR AT R Sy A% e 2% TR0 L 2% S R0 1 B 30, 10 7 2, AFL S AN S AR B S 1T 9 A, SRR T ) 132 Hajji-Hed fi
£ 7

5 MAMBESREIER

S M A 2k 56 52 S R ISR R A B B 25 0k COL B A WL o 48 KB RE RTS8 Wi 5i6 2 07 1 IRS 52 8 114 224
SRHEA AT AR B R R O A R Sl RN v R A e 2 R IR BE L D A KO SO, R A R RE
Fle VRBTF(H ), SRR T4 — RPN TR L3, 8 NADP 2 NADPH ; [F] B, 25 208 58 {4 B 7 1 46
(ApH) I 3R 2 ATP A WAL ATP™ o 4K A4 RL AT 52 mi A 4 4 3R 35 1 6 I % &R 48 (photosystem , PS) i
PESE $ R ot RN R

I S 2R 2% I S A v 2 B A Y M £ 2R G A A B RS RO O N ARG M BE T . IR ST & B VR gl ok
Ti0,(750 mg-kg ') W] $2 5 i R4 X 57, AL CDs AP T4 E & 5 A Hb #2755 14. 8% ,PS |
PR 10, 4%, KL W3R 21, 9% . A, 482K Zn 40K Cu 482k ZnO 402K Fe, O, F 44k CeO, ¥ AT
eyt A rhk R AR M qRT—PCR M E % #, Mg, N-CDs &b ¥ |- 8 7 0h 2 2 4 3L B Chil,
ChID ,ChlG Rl chlorophyllase-2 33K ",

KBRS, K 400~700 nm {85 [ A A 21 W5 5% T B2 B SR AR I A, K/ T 400 nm 19 58 AN REBE I S 1A
BRI o FR5T AR BRI 4 5 AN L O 20 TR T SR RSO RE L o B R A — R
) HE 1) CDs 7 5§ B M 5 (Nicotiana tabacum) W R W, 7 6 W B AMNT B &KB4 T I E T FCEERIES T
18%6M o 4l K TiO,, CdSe & F & . L BE Bk 94 K 45 % 5 ] SC 540 — 20 i e e e 0 T AE L 4 A ok &
B S

YK RRE AT PS T M PSR GEE M, 48 @b RGN . 40K TiO, i 4 /35 A K 2R o 56, 18 i 4
ARBEC S Ak Mnl i 4 5 PS 1T R 48 Mn,Ca & 4 ) 19 CP43 2 & M, i 17 7K 08 6 i #0564 8l 12 0 A%
RO AT SO R B A RTINSO S H A 3 R B RE 4 DK A AT 2R 0 I SR AR R 7
R R B RS R PR RS e B AR RS R 3 AT

i I B B2 R O BB 7= A (1 NADPH L ATP 3l 3k - R SCHR 38 [ 3 CO, MRl F2 o B B4l ok b4 L il
TR A AL AT R S e L R 5 o B BN KR L SR IF T RS R B, A0k Fe BT HO-ATPase & i
B AHA2 F2ih 5 5% A28k TS FLIFF "™ . Rubisco 2 1% 52 W ¢ B B 8 i =2 — "7, AT R % 19 CDs(5 nm , 0. 56
mg-ml ") 4 &5 U Hg IF Rubisco 16 1 42 % , Fh 1 72 8 80 20 %675 0 A e gk bHRE S 0 A8 6 &R & ek il
Z R Lin %R T .

6 TRRE

AN K BA LA B v AR 4 A 7 A AN DTk S T T AT R B S T AR R S 2 B R 22 R A Y
PAPEAE T DI Rl S o ) B B WAL A AR A R R B AR AR, O AR B T A S AR R TS AE
Xt 8 KA AR B T 3L AT 2 8 K A R B A ) A R T ) RN
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AR A RE R AR AR K I BIETE R NG BRI 2 T 5T DU AR RO T e i/ AT L D .
BEAh FH A 260 N AL A2 2 B0 R K B O U RS IR N TR R PREE N R SR E N R R,
AR OK B LA T 8] 25 1F T i A2 AR N AE 5 % 20 T B 22 B FL A

VFZ & B 90K MR & B 4 8 s 10, i M Cu Ce Ti 5, BUAR B A B ST IIE 52 1 28 40 K b4 Rk X+ 4 1%
A B PR SR PEAR /I L AT ST AR B TR A KR R B Bl — R AR KR . A A R i AR S B
KR W T, DRIk 5 1R 11 28 K A ) 3R 58 SR ARAONE I 75 A 28 LA 9 o LA, B W i R A T B AU A
BT R, GOKBEEUT TAE Y A 05 TR AR T3040 BUER RS AR K o 9K B RHE B A B B Y 1% 338
RN R 32 B Tz R T R AT W fige PR BT AU B AN K B R AR R 4 KR AR 4 A

SR T AR 22 PR, AR B AE AR ) A 7 T B 2 R B R B 1 T 7, R OR A AR 5 I R AR Gk R A A
R 7 R DR AP B W22 4 55 R B 42 O (T SR ST R A, S BRAN K BRI 22 42 g RORI T, 42 R A 90 A= 77 o
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