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Text S1. nHA characterization

The TEM images of four types of nHA are shown in Figure S1A-D; all nHAs exhibit rod-like structures.
The element distribution of P and Ca was further confirmed by EDS'. The FTIR spectra of different
nHA products are shown in Figure S1E. The nHA sample contains OH  and PO4* groups in the FTIR
spectrum and similar spectra were observed in 1% Cu-nHA and 10% Cu-nHA. The PO4%* group
behaves as a well-defined doublet of v4 vibrational at wavenumbers around 565 and 600 cm™.
Crystallographic analysis of different nHAs was performed by XRD, and the resulting graphs were
compared with those of the standard XRD data (JCPDS No. 01-072-1243) following the standard

nHAP model (Figure S1F).
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Text S2. nHA effects on phytohormones

In this study, comapared with the control, root exposure to 20 nm-nHA increased several growth-
related hormones in tomato and rice shoots, such as IAA (indole-3-acetic acid) and BR (brassinolide).
In addition, root exposure to 1% Cu-nHA increased the content of IAA in rice shoots, but decreased
the content of BR by 14.8% (Figure 2B and C). The application of 20 nm-nHA and 1% Cu-nHA did
not alter the homeostasis of zeatin riboside (ZR) and dihydrozeatin (DHZR) in tomato shoots and
roots, although the ZR content in rice shoots decreased by 17.1% and DHZR increased by 0.38 times
(Figure 2H and 1). Furthermore, comapared with the control, the application of 20 nm-nHA and 1%
Cu-nHA increased the jasmonic acid (JA) content in rice shoots and roots, but decreased the JA
content in tomato shoots by 15.9% with 20 nm-nHA. IAA is one of the most abundant and active
auxins in plants, and can promote plant vegetative growth through cell expansion, differentiation,
morphogenesis and other processes?. Previous studies have shown that 5 pg/mL chitosan
nanoparticles (CSNPs) induce the expression of auxin-related genes, accelerate the biosynthesis and
transport of IAA, and increase the endogenous IAA content in the shoots and roots of treated wheat
(Triticum aestivum L.) by 39% and 56%, respectively, compared with the control®. The above results
showed that the application of 20 nm-nHA and 1% Cu-nHA could increase the accumulation of

growth-related hormones such as IAA and BR, thereby promoting the crop growth.
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Text S3. Differentially expressed genes (DEGs) and GO enrichment analysis

Root exposure to 20 nm-nHA and 1% Cu-nHA resulted in 189 and 1591 differentially expressed
genes (DEGs) in the tomato roots, respectively. In rice roots, 1075 and 2641 DEGs were found with
20 nm-nHA and 1% Cu-nHA, respectively (Figure 3E and F). The shoot DEGs of tomato and rice
suggest significant differences between the 20 nm-nHA and 1% Cu-nHA treatment (Figure S14E and
F). The Volcano plots show that in the tomato roots, there were 1471 up- and 763 down-regulated
genes in the 20 nm-nHA treatment, and 1552 up- and 1402 down-regulated genes in the 1% Cu-nHA
treatment; in the rice root,s 2572/2781 and 3518/3427 up/down-regulated genes were evident in the
20 nm-nHA and 1% Cu-nHA treatment, respectively (Figure S11). Overall, different nHA resulted in
more DEGs in rice than in tomato.

Gene Ontology (GO) was used to divide all identified DEGs into three main categories (Figure
S12 and S13). Both 20 nm-nHA and 1% Cu-nHA up-regulated the expression of photosynthesis-
related genes in the tomato shoots and the expression of cellular glucan and glucan metabolism-
associated genes in the tomato roots. Additionally, 20 nm-nHA also upregulates the expression of
genes related to the glycolytic process of the tomato shoots, which is a major metabolic pathway and
plays an significant role in plant development and stress response*. Importantly, the addition of both
types of nHA did not up-regulate these GO terms in rice. Based on the reference pathway in the
KEGG database, the shoot and root DEGs of tomato and rice were further annotated (Figure 3A-D
and S14A-D). These DEGs in the libraries of the tomato root treated with 20 nm-nHA and 1% Cu-
nHA were assigned to 93 and 113 KEGG pathways, respectively, and 109 and 117 in the tomato
shoot, respectively. The DEGs in libraries of the rice root treated with 20 nm-nHA and 1% Cu-nHA
were assigned to 85 and 109 KEGG pathways, respectively, and 33 and 113 in the rice shoot,
respectively. Plant hormone signal transduction pathways were significantly enriched in the tomato
and rice roots with 20 nm-nHA and 1% Cu-nHA. Different nHA treatments in the tomato roots impacted
a number of plant hormone signal transduction pathways, linoleic acid and a-linoleic acid metabolism
pathways and zeatin biosynthesis (Figure 3A and B), while different nHA treatments in the rice roots
impacted plant hormone signal transduction pathways, photosynthesis pathways, amino acid

metabolism, starch and sucrose metabolism pathways (Figure 4C and D).
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Method S1. Plant nutrient and pigment content

Metabolite (sugars, soluble protein, amino acids) of the plant (tomato or rice) samples (shoot or
root) extraction 181 were performed as described by 3,5-dinitro salicylic acid method, Bradford
method, and photometric ninhydrin method.

Reducing sugar content Briefly, 0.5 g tissue were added into the centrifuge tube
containing 10 mL DI water. The mixture was heated at 75°C for 30 minutes, and then add another 10
ml of water. The mixture was centrifuged at 12000 g for 5min, then 1mL of reducing sugar extract and
1mL of 3,5-dinitrosalicylic acid (DNS) were added to a 25 mL colorimetric tube, and heated in boiling
water for 5 mins. Cooling the solution to room temperature in an ice bath, and finally add 25 ml of DI
water to the test tube, and the absorbance was measured at 540 nm.

Soluble protein One g tissues were mixed with 5 mL PBS buffer solution (50 mM, pH7.0), and
the mixture was centrifuged at 13500 xg for 10 mins. Mix 1 mL of supernatant with 5 mL of Coomassie
brilliant blue G-250 reagent for 20 mins. The absorbance was measured at 595 nm to calculate soluble
protein content.

Amino acids Briefly, accurately weigh 1 g tissue into a beaker. Add 5 mL of 10% acetic acid
solution and mix thoroughly. Transfer the resulting mixture to a 100 mL volumetric flask, wash with
deionized water to a constant volume. The mixture was heated at 90 °C in a water bath until the color
became stable. The absorbance was measured at 595 nm to calculate amino acid content.

Chlorophyll content: The chlorophyll content of leaves is closely related to photosynthetic
potential®’. The leaves of the plants were cut into small pieces and 100 mg were placed into a
centrifuge tube containing 10 mL 95 % (v/v) ethanol. Following a 3-day extraction period in the dark,
the absorbance of the supernatant was measured at 665 nm, 649 nm, and 470 nm using a UV-vis
spectrophotometer (UV-5500, Shanghai Metash Instruments Co., Ltd). The content of total chlorophyll
and carotenoids was calculated using the following formula:

Chla = 13.36 % Aess— 5.19 x Asuag;

Chlb = 27.43 x Asag— 8.12 % Ases;

Total chlorophyll = Chla + Chlb;

Carotenoids = (1000 x A470— 2.13 x Chla — 97.64 x Chib)/209.
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111 Phytohormone: The contents of nine phytohormones (auxin, gibberellin A3, gibberellin A4,
112 abscisic acid, zeatin, dihydrozeatin, brassinosteroids, jasmonic acid, and indole-3-acetic acid) were
113 determined using commercial ELISA kits®.

114
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Method S2. Chlorophyll fluorescence kinetic imaging

After 30 minutes of initial dark acclimation to stabilize the photosynthetic organs in isolated leaves,
minimal fluorescence (Fo) was measured, and then maximal fluorescence (Fm) was measured with a
saturating flash of light (1 s of 4000 umol photons m™ s™"). According to Maxwell and Johnson, the
photochemical quantum yield (®PSIl), the maximum quantum efficiency of PSIl, and the non-

photochemical quenching (NPQ) parameters were calculated’.
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Figure S1. The characterization of 20 nm-nHA, 60 nm-nHA, 1 % Cu-nHA and 10% Cu-nHA. (A) TEM

image of 20 nm-nHA; (B) TEM image of 60 nm-nHA; (C) TEM image of 1 % Cu-nHA; (D) TEM image

of 10 % Cu-nHA; (E) FTIR spectra of nHA. (F) XRD patterns of nHA.
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128  Figure S2. TEM-EDS mapping of different nHA (20 nm-nHA, 60 nm-nHA, 1 % Cu-nHA and 10%

129 Cu-nHA).
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Figure S3. Physiological responses of tomato and rice seedlings upon root exposure to different types
(including 20 nm-nHA and 1% Cu-nHA) and different concentrations (1 mg/kg, 10 mg/kg, 50 mg/kg,
and 100 mg/kg) of nHA. (A, B) Plant height; (C, D) fresh weight. The different letters in the figure
indicate significant differences (P < 0.05) determined by one-way ANOVA, letters in lowercase
represent significant differences among shoots, while uppercase letters represent significant

differences in roots.
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Figure S4. The content of pigments in the shoots of tomato and rice seedlings upon root exposure to
different types (including 20 nm-nHA and 1% Cu-nHA) and different concentrations (1 mg/kg, 10
mg/kg, 50 mg/kg and 100 mg/kg) of nHA. (A) Chlorophyll content; (B) carotenoid content. The different
letters in the figure indicate significant differences (P < 0.05) determined by one-way ANOVA, letters
in lowercase represent significant differences among tomatoes, while uppercase letters represent

significant differences in rice.
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Figure S5. Changes in energy partitioning in leaves for different tomato seedlings and rice plants. (A,
B) Imaging of Fv/Fu, ®esi, and NPQ on separate leaves of tomato and rice plants; (C-E) maximum
photosystem Il efficiency (Fv/Fm), actual photochemical efficiency (®esi), and non-photochemical
quenching (NPQ) in separate leaves of tomato and rice plants. The different letters in the figure
indicate significant differences (P < 0.05) determined by one-way ANOVA, letters in lowercase
represent significant differences among tomatoes, while uppercase letters represent significant

differences in rice.
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153
154  Figure S6. The contents of amino acids (A), soluble protein (B), reducing sugar (C), and soluble sugar

155 (D) in roots and shoots of tomato and rice treated with different types of nHA via root exposure. The
156  different letters in the figure indicate significant differences (P < 0.05) determined by one-way ANOVA,
157 letters in lowercase represent significant differences among shoots, while uppercase letters represent

158  significant differences in roots.
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Figure S7. The micronutrient content in shoots and roots after root exposure to different types of nHA
(including 20 nm-nHA, 60 nm-nHA, 1% Cu-nHA, and 10% Cu-nHA) in tomato and rice plants. (A-D)
The concentration in tomato shoots and roots of macronutrients; (E-H) the concentration in rice shoots
and roots of macro-nutrients. The different letters in the figure indicate significant differences (P <
0.05) determined by one-way ANOVA, letters in lowercase correspond to significant differences

among shoots, while uppercase letters correspond to significant differences in root.
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168  Figure S8. The micronutrient content in shoots and roots after root exposure to different types of nHA
169  (including 20 nm-nHA, 60 nm-nHA, 1 % Cu-nHA, and 10% Cu-nHA) in tomato and rice plants. (A-D)
170  The concentration in tomato shoots and roots of micronutrients; (E-H) the concentration in rice shoots
171  and roots of micronutrients. The different letters in the figure indicate significant differences (P < 0.05)
172 determined by one-way ANOVA, letters in lowercase correspond to significant differences among

173  shoots, while uppercase letters correspond to significant differences in root.
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(DEGSs) in tomato shoots and rice shoots. (E-H) Volcano map of differentially expressed genes (DEGs) in tomato roots and rice roots.




MF

sy Seioysug,,

Buipuyg dNoude o,

Aurgop %P dodoxs SA-0uy1ag

noe P%EPdad o, O-oupses
U0 Buygop Hiagoe

SEMDoI0p o
Supyyq U0t uoy

BUpug o1y,

cC

Xolduso, Bunioyys,

uoifg, Museigoy
Hem o

Aoy )
2 X01105 115
X91403 15,

Iseidoge

BP

Ladaaadalblians l.muh

55245 oagepyy, } 0Suods,,

[S8900.9 Hoge;ay, PR frog
Ss000,y H9ufs0,q PRI 10

$$300,9 2logezoy, Ueonyg

[=]
wm:w,w uo._mnEzz

30|
10
0

C

Hem oy
Aioydrag 15

sejdoge

Bupunoy o, 9Suodss,

S524S onepve %4 9Suodsq,
59900 910410 P08 10q
55000, H9Yugsgyg OPlUEUO0Ls f10
SSe00,q .&‘aaw-u_e oBtm:ouuno:uE

$5600,9 0910wy
"4 t0gesy, OPLEYssp,

—————
—
—
™

= -
Ill
]I
-
-
-
-
—l
Q —l
3] —
il
—l
]
—

c
N -
S 5 —
- -
—
o =
1] by |
—
> o

> -

8 mm:oMuo‘_wnE:z

<

20nm-nHA
vs
Control

w
=

Bugpyyg A0 g,

Bianoe 5EPIx0104
U0 Buyyo noe N D10px0
inoe MO8 oy

Butpug o, oy
BUPuq oy,
uEBE& oy J3ddoy

fuanoe epxopye

cC

WS Ason0y
20S X010
AP0qos0,,

Uoba, PBInljose g

%4njon s Bupeinsge,,

9 feussyyy
I8hd0xs
em oy

Hoyduag o,

Iseidody

il
“‘“Jh‘l ST P P h

o
o

. PHEYRs f10g
8200, Hoqeyay, ueony5
$5000,9 oo, ueong

60,
40
20

0

S8us9 Jo IaquinN

l|||l.l.h||llmu.....JJJ““L

[“oseseysue,, IAs¢

8%2?.:3.:?5
\a.i.:uu Ssepy,

Xosaq

05 By, Uabhxo oIS hsorouq
1 o1 5030

Xolduwog ENposop,

U016, E.::uom.:xe
2imon g Buteinsdgsy, Ieuigp
112 2

foudiiag o0

Iseidogy

SSons o 8Suods,,

40
30
20
10
0

S8ua9 jo laquinN

1%Cu-nHA
vs
Control

Root

Shoot

187

(. D) GO

ts
. to shoo
in toma

d genes

Xpresse

. ifferently e

tion of di

s. (A, B) GO annota

es. (A,

ssed gen

ion of differen

annotation

: $12. GO

Figure

188

ots.
in tomato ro
enes in

f differently expressed g

jon o

annotatio

189

S19



MF

cc

BP

”“.‘IIIIu“uL.ILu||I“||II

20

15
10
5
0

S9UdY JO JOqUNN

MF
.down C

[

(o8]

Ploxeyfy;

1 szinc:..a
“doionua SHoues,,
Proajony,

40d seojony
*dojonyy e
3dojonyy

“Olduioy
5B Wby
ISeidods T Nty

BP

n

<

<

3
2

=

Sauan Jo JaquinN

20nm-nHA
vs
Control

0

cc

Il i

*"901035,q
2UW0Six0409
4Pogosoyy,
“quiey
i
510 Mouogy
" s Uiy
oM j0 WaUodyy 0,
R T Wstyg
1ieq
i R,
21mon,
8 Buleingeg,
11 105 Teusoyxs

Iseidoge

l]]ullj.”“....u.l““ll]li

30
20
10

S2Ud9H JO JaquinN

0

5
UPUI oy g,

6o Bupzfyo, iy

o o
Ao - SEl0pAy

LT
oue,

“Auiow Ployeygy
Proyeyfy,
U0 piyseyg

2d pysgyy

[=]

S &
Sauan Jo JaquinN

1%Cu-nHA
vs
Control

0

Root

Shoot

190
191

(C, D) GO

hoots

In rice s

Figure S13. GO annotation of differently expressed genes. (A, B) GO annotation of differently expressed genes

ts.

In rice roo

annotation of differently expressed genes

192

S20



193
194

195

196

Tomato

alpha-Linolenic acid metabolism|

>

Linoleic acid metabolism| -

Starch and sucrose metabolism|
Tropane, piperidine and pyridine alkaloid ...
Biosynthesis of unsaturated fatty acids
Plant-pathogen interaction|
Tyrosine metabolism|
Stilbenoid, diarylheptanoid and gingerol biosynthesis ...|
Flavonoid biosynthesis|
Plant hormone signal transduction|
inoline alkaloid bit i

Description

20nm-nHA

Propanoate metabolism

Cutin, suberine and wax biosynthesis|
Thiamine metabolism|

MAPK signaling pathway - plant
Brassinoste! biosynthesis
osynthesis|
osynthesis|
osynthesis|
ABC transporters|

Vs
Control

LJ
0.02 0.04 0.06 0.08

GeneRatio

B

Cysteine and methionine metabolism

alpha-Linolenic acid metabolism| -

Glutathione metabolism

Alanine, aspartate and glutamate metabolism| -

Tyrosine metabolism

Pyruvate metabolism

Starch and sucrose metabolism

Glycine, serine and threonine metabolism

Fructose and mannose metabolism

Biosynthesis of nucleotide sugars

Tropane, piperidine and pyridine alkaloid ...{ -
Carbon fixation in photosynthetic organisms

Carotenoid biosynthesis

Glycolysis / Gluconeogenesis

Amino sugar and nucleotide sugar metabolism

1%Cu-nHA
Vs
Control

Flavonoid biosynthesis{ «

Phenylpropanoid biosynthesis
ABC transporters
and dicar boli

Carbon metabolism

0.025 0.050 0.075 0.100

E 20nm-nHA vs Control

711 967

92

296 424

969

0
GeneRatio

1%Cu-nHA vs Control

751

20nm-nHA vs 1%Cu-nHA

Figure S14. The transcriptome profiles of tomato shoots and rice shoots in each group. The top 20 KEGG pathways with significant enrichment
of DEGs in the leaves of tomato and rice shoots (A-D) were exposed to 20 nm-nHA and 1 % Cu-nHA. (E) Venn diagram of DEGs in tomato

shoots. (F) Venn diagram of DEGs in rice roots. Cluster heatmap of DEGs in tomato shoots (G) and rice shoots (H).

Fatty acid elongation
Base excision repair

iquil and other terp id-q
Phenylalanine, tyrosine and tryptophan biosynthesis ...
Phenylalanine metabolism
Tyrosine metabolism
Starch and sucrose metabolism
Sesquiterpenoid and triterpenoid biosynthesis
Tropane, piperidine and pyridine alkaloid ...
Cutin, suberine and wax biosynthesis |-
Glutathione metabolism
Biosynthesis of amino acids
inoline alkaloid bi i
Photosynthesis - antenna proteins
Biosynthesis of various plant secondary ...

Cysteine and methionine metabolism .
Glycolysis / Gluconeogenesis .
Glyoxylate and dicarboxylate metabolism [
Carbon metabolism L |
Carbon fixation in photosynthetic organisms L
01 02 03
GeneRatio

Carbon metabolism

Pentose and glucuronate interconversions
Diterpenoid biosynthesis

Biosynthesis of various plant secondary ...
MAPK signaling pathway - plant

P ine, tyrosine and tryp!

Glutathione metabolism
Carbon fixation in photosynthetic organisms .
Nitrogen metabolism | *
Taurine and hypotaurine metabolism |-
alpha-Linolenic acid metabolism .
Fatty acid elongation| *
ABC transporters .
y and dicar y i .
Sesquiterpenoid and triterpenoid biosynthesis [
Photosynthesis .
Linoleic acid metabolism | *

F 20nm-nHA vs Control

Flavonoid biosynthesis .
diar id and gingerol bi is .|
Phenylpropanoid biosynthesi: —l
0.025 0.075 0.125
GeneRatio

1%Cu-nHA vs Control

10 4 1858

9 835

267

20nm-nHA vs 1%Cu-nHA

S21




A /,/ Sucrose «——Sucrose-6'P. Starch and sucrose \\ B /,’ Sedoheptulose- GAPA1 | 1 N
/ GCK metabolism ﬁGx.A ) , -FBz 1,7-bisphosphate,,_ u \
] TPS1 6P « - i ! ixati 0.5 \
! D-Glucose L Trehalose-6p Maltodextrin E - Carbon flxatlor_l 1,3-Bis oph ospho- \
i Irs2 DBE . | in photosynthetic Sedoheptulose-7p glycerate I
i betaG = m |\ Maltose . organisms 0 !
: - - P 4 KbpG i
i Cellobiose UDP-glucose Starch; GI : ] -0.5 !
! thaA i B R CbbM n- !
\ 1
. 52 \l C I Ribulose-1,5P, I I Glycerate-3P 1 !
: Cellodextrin Cellulose - - - - _,-ADP-\qucose Amylose Dextrin : : MBbR I ool I OTTTiAl I CAl |
! 1 \ H ! Oxaloacetate 0 i
! I \ 1
i BLglﬁ je 1 05 05 -1 E : CMD4 CO2 N D-Rubulose I
| ocKk S T ate N TS 1,5-P, T |
k ? v ! 2t N Phos hoglycolate
Glucose-6P. M B0 clcoce [ control | 20nm-nHA [ 1%Cu-nHA |/ | BcK .7 phogly [~ |
Mnszzzzzcsszzssssssssssss=sssssssssossss=ossoooooooooo=== - i Alanine R /" AhpR "\ L
T e e T T e T e e e e e e e e e e e e e e e e e S 1 o 7 H =
[ 9(s)- 9(s)-9"—0x o ﬂ'AP,_ P _ocLinolenic 9(s)- 9-Oxononanoici I Phosphoenol %Aér 1 H,0, CO, :
| HODE HPODE - phatidy acid LOX HpOTrE fpL1 acid | 1 pyruvate (PEP) 4 N\ / i
: LoX LOX | P Pyruvate Glyoxylate Glyoxylate,
i - - 12- 0xo-9(Z) . \ GLO 1
.13 OX0ODE+ - -~ 13(5) Linoleic and a- Linoleic acid 13(5)- ____dod acid ! Y - - )
| HPODE metabolism HpOTrE HPL1 acid “H ] N ,
D s S ... SRS ’ N & P 7’
197 | -

198  Figure $15. The KEGG pathway network of DEGs in tomato (A) and rice shoots (B) was regulated by 20nm-nHA and 1% Cu-nHA. The heatmap

199  of the expression of DEGs was added; the log2 value of the level of gene expression shares the color key inserted below the figure.

S22



200
201

202
203
204

205

Ao B
—
//
1750 2000 __
1500 _— -
Q §1250 - /// — u’1500 ///
®© c = a
€ 1000 =z = 4] 7
E 2 // £ 1000 /
Y / =
O * 7% g G V)
| = Y/
500
/ 5001 //
250 ’/ —Control1 _— Control 2 Control 3 —Control 4 /
. C_U ~20nm-nHA 1 20nm-nHA 2 20nm-nHA 3 20nm-nHA 4
| - 0 1% Cu-nHA 1 1% Cu-nHA 2 —1 % Cu-nHA 31 % Cu-nHA 4| 0
_.0_-2 0 10000 20000 30000 40000 50000 0 10000 20000 30000 40000 50000
O Number of Reads Sampled Number of Reads Sampled
o C D
m 1500
2000
()] 1000 1500
L., a
173
m [} (]
2 c
= = 1000
3} O
= ~
500
500
o 0
0 10000 20000 30000 40000 50000 0 10000 20000 30000 ~ 40000 50000
Number of Reads Sampled Number of Reads Sampled
800 —
1000 —
= -
T
_—
800 600 /
.’
/", -
..9 7)) — 7)) 57
© 2 - a Z
g - @ a00 V
55 Sy
== = /
200
0
— 0 10000 20000 30000 40000 50000 0 10000 20000 30000 40000 50000
O') G Number of Reads Sampled H Number of Reads Sampled
[
S 600
L 500 -
- 500 _
200 _—— — e -
© ~ = 400 _—
Qu = I
.= U 300 2 [J] _
o d 7 = ——
< V ]
-2 200 // =
/
7
100/
0 0
0 10000 20000 30000 40000 50000 0 10000 20000 30000 _ 40000 50000

Number of Reads Sampled

Shoot

Number of Reads Sampled

Root
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Figure S19. Community of endophytic bacteria in shoots of tomato and rice plants as affected by
different nHA (20 nm-nHA and 1 % Cu-nHA). (A, B) ACE and Shannon’s index of the endophytic
bacterial community in tomato shoots; (C, G) the relative abundance of endophytic bacteria at the
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treated with different nHA in tomato and rice shoots; (E, F) ACE and Shannon’s index of the
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S26



229
230

231

232

233

Bacteria

Fungi

Rice

e

Tomato

Rice

eg : Ascomycota

Acic
Patescibacteria
® Others

cteriota
Desulfobacterota
Verrucomicrobiota

Basidiomycota

© Blastocladiomycota

~ Chytridiomycota

© Mucoromycota
Olpidiomycota

® Zoopagomycota

c
Mi
Mucoromycota
Olpidiomycota

Zoopagomycota
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239  Figure S22. The LDA score plots show the endophytic fungal community composition as affected by
240  different nHA (20 nm-nHA and 1 % Cu-nHA). (A, B) The LDA score plots in tomato shoots and roots;

241  (C, D) the LDA score plots in rice shoots and roots.

S§29



242

243
244
245
246
247
248
249
250
251
252
253
254
255
256
257
258
259
260

261

References

1. Zhang, W.-h.; Sun, R.-b.; Xu, L.; Liang, J.-n.; Zhou, J., Assessment of bacterial communities in Cu-contaminated
soil immobilized by a one-time application of micro-/nano-hydroxyapatite and phytoremediation for 3 years. Chemosphere
2019, 223, 240-249.

2. EIShamey, E.A.Z.; Hamad, H. S.; Alshallash, K. S.; Alghuthaymi, M. A.; Ghazy, M. |.; Sakran, R. M.; Selim,
M. E.; ElISayed, M. A. A.; Abdelmegeed, T. M.; Okasha, S. A.; Behiry, S. |.; Boudiar, R.; Mansour, E., Growth
Regulators Improve Outcrossing Rate of Diverse Rice Cytoplasmic Male Sterile Lines through Affecting Floral Traits. Plants
2022, 11 (10).

3. Li,R; He, J; Xie, H; Wang, W.; Bose, S. K;; Sun, Y., Hu, J.; Yin, H., Effects of chitosan nanoparticles on
seed germination and seedling growth of wheat (Triticum aestivum L.). International Journal of Biological Macromolecules
2019, 126, 91-100.

4. Givan, C. V., Evolving concepts in plant glycolysis: two centuries of progress. Biological Reviews 2007, 74 (3), 277-
309.

5. Lichtenthaler, H. K., [34] Chlorophylls and carotenoids: Pigments of photosynthetic biomembranes. In Methods in
Enzymology, Academic Press: 1987; Vol. 148, pp 350-382.

6. Busoms, S.; Terés, J.; Yant, L.; Poschenrieder, C.; Salt, D. E., Adaptation to coastal soils through pleiotropic
boosting of ion and stress hormone concentrations in wild Arabidopsis thaliana. New Phytologist 2021, 232 (1), 208-220.

7. Maxwell, K.; Johnson, G. N., Chlorophyll fluorescence—a practical guide. Journal of Experimental Botany 2000, 51
(345), 659-668.

S30



