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Abstract: Plants play a pivotal role in mitigating PM, pollution by efficiently absorbing particulate matter from the
atmosphere, thereby contributing to the improvement of air quality. Understanding the mechanisms underlying PM,  uptake
and its subsequent distribution within plant tissues is crucial for enhancing the ecological functions of vegetation and
fostering a healthier environment. This study employed a one-time fumigation approach, coupled with a °N tracer method ,
to investigate the mechanisms of PM,, uptake and distribution in several representative tree species across Beijing. The
selected species included Manchurian red pine ( Pinus tabuliformis) , Bunge's pine ( Pinus bungeana) , Corkscrew willow
(Salix matsudana) , Ginkgo ( Ginkgo biloba ) , Japanese pagoda tree ( Styphnolobium japonicum ), and Goldenrain tree
( Koelreuteria paniculata ). Our focus was on the uptake and distribution characteristics of the water-soluble inorganic
constituents ammonium ( NH}) and nitrate (NO} ). The findings revealed several key insights: (1) The examined plants
exhibited effective uptake of NH} ( ranging from 0.03 to 0.80 pg/g) and NO;(ranging from 0.02 to 1.10 pg/g) from PM,,.
Among the species, the Corkscrew willow and Manchurian red pine demonstrated the highest ammonium uptake ability,
followed by Ginkgo and Goldenrain tree, while Bunge's pine and Japanese pagoda tree showed the lowest uptake ability. In
terms of nitrate, Corkscrew willow and Manchurian red pine again led in uptake ability, with Bunge's pine and Japanese
pagoda tree following, and Goldenrain tree and Ginkgo exhibiting the least uptake ability. (2) The ability for °N uptake
and the allocation of nitrogen within above-ground plant organs surpassed that of their underground counterparts. Notably,
leaves possessed the highest uptake ability ( NH,: 0.08—1.63 pg/g, NO;: 0.01—1.18 pg/g) and partitioning rate
(NH; . 18.95%—76.10%, NO;: 6.86%—91.64%) for both ions. (3) Statistical analysis indicated that varying
concentrations of PM,,, tree species, and their interactions significantly influenced the "N uptake ability and distribution
rates within different organs (P<0.01), with the uptake ability of above-ground organs increasing in response to higher
concentrations. (4) Plants exhibiting a smaller root-crown ratio, increased root biomass ratio, and larger branch biomass
ratio were found to be more conducive to NH; uptake, while those characterized by a smaller root-crown ratio, thicker and
finer root biomass, along with a larger stem biomass ratio, were more favorable for NO; uptake. This study elucidates the
mechanisms by which plants uptake PM, 5 and highlights the interplay between intrinsic ( plant traits) and extrinsic factors
(PM,, concentration) . The insights garnered provide a scientific foundation for leveraging plant-based strategies to mitigate

PM,  pollution across various environmental contexts.

Key Words: typical green trees; one-time aerosol treatment method; "N tracing; PM, inorganic composition; uptake

and distribution
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AfeE LA FE PM, TS YL B Bk — 200 V) i 2 AT 470 Sl ke R IR s RS YA
RFBe, KRS 26 T AR Bom ad pdi 2l T R cR FNBH AR S AR A PM, A T E A O, k)
Yefk PM, 7E 4Bk B 00 UL s P, 2003 AR B R R WS 10 S 30T AR MK 25 R UK 9 BE 1 40 R 8,60
g/m’ M 1999—2013 AF i E AL AR PM, s TUTKE L BRI LN 2.47x107 ' ZE TR PM, 551k
VEF , B A 2 A 4 A ek 8 S A R 2 S AR B e 2 P B I AT DG 9t I 25348 22 | A 40 W
YERZ BT,

IR ET AT I K 2246 T 72 LR, RV Ao W A IX 5 R A X R P, 9 B R A RO RUBE X
PM, A E RS20 BEE I 98 AR WTR A, HOR 22 F 78 3R 45 T O R B A A PR X PM,, v AL fiE 7
TR RRTE, B AT R BN BRI ST S FR R X PM B TR A I B R T B DR

http ; //www.ecologica.cn



2 B A bt b TR AR X PM, s TEHLALN NH; AT NOS (W oA 3 B pL 839

DA - OIS 5 R B ) O 2R T R BB OSOR A i PML, s ISR AR R 550 | HLax Se it &2
M TR PM, s PSR 2006 T AW GA e PM, s IOBILEER . BFSEUESE AW B A% 38 1o it S AL K
TG YRR IR A A R SR RRE R (A T YL e R R P9 45 25 B o] 23 T O
W1, T8 25 3 F AR EREE b PV, ¥R B2 B A8 A0 LA ROAS (] 775 Gl b IX PML, R B8 1) 22 5, DR LR AT AR ) 4%
BT PM, MRS 53 BEATL ) B 57 G B 114 G R 2z SR T 5 1) 122 5 1), DA A 45 R R AR 26 S ) g 4
HERL AR
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Table 1 Plant trait information

AL R MRAEL BAEWELL TAwEL HAR iR

papat Specific Leaf Branch Trunk H: Wi b Y
. Root/shoot . . . .

Species leaf area/ ) biomass biomass Biomass Coarse root Fine root

(cm?/g) rate rate rate rate biomass rate biomass rate
YRS Pinus tabuliformis 55.04—63.82 0.21—0.37 0.35—0.43 0.11—0.23 0.17—0.27 0.15—0.25 0.01—0.02
H KA Pinus tabuliformis 42.23—52.31 0.16—0.29 0.29—0.38 0.14—0.19 0.27—0.38 0.12—0.21 0.00—0.01
M Pinus tabuliformis 46.03—59.21 0.21—0.40 0.08—0.14 0.19—0.30 0.38—0.53 0.12—0.25 0.04—0.07
WA Pinus tabuliformis 42.73—66.03 0.78—1.20 0.02—0.74 0.02—0.10 0.28—0.39 0.35—0.47 0.04—0.10
E#E Pinus tabuliformis 32.88—37.77 1.28—1.91 0.07—0.13 0.05—0.07 0.20—0.28 0.52—0.58 0.02—0.08
5K Pinus tabuliformis 57.98—64.09 0.51—0.66 0.27—0.35 0.09—0.13 0.16—0.29 0.25—0.29 0.06—0.13

E F
D E F D

G

B1 ENEBRS
Fig.1 Indoor simulation system
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NO, il NH, "NO, 73 B il B 10 o/ LW, ISR ISR AR At A T — UM B AL IS . AR (R BE 28 R T dat
PRAEY (GB 3095—2012) , A b B 43 B B R V5 Y2 (50 pg/m’)  HEETG 44 (150 pg/m’ ) FIEE 15 4 (250
pg/m’) = NREE
1.3 BES AL HLS 2 R FR

IS EE S ReAE ) PSS PN B R Lo S e s T CHLAR AR 5 35803 (o i 7 kA0
FERM(em?) ) BRSO B A4S B ABEARHEAT 10 4380 105 CAF AL, B 5 70 CHET 2 1H 5, B
JEACSRAE B AL (g) o JT A FE i 2 R ES {SU Ut K, ] 253plus [A] 437 K BT 38 4 ( Thermo Fisher Scientific,
USA) .Flash EA JCE TR Conflo TV 22 Fli 422 1141 AL AY [R) 057 22 10358 28 48 I /2 BT A R Sl A N 7 5 40 b
(%) MR G (ng/g) o WISV EIAEYE (g) PN BT HT (%) MR &5 (ny/g) ITHRUT
izt
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(0.04 pg/g) FHIAR (0.01 ng/g) FeAk, M MUCHE 1 RN B0 (0.97 ne/g) i3 KT HABMY) (P<0.05) ,
FeFE A HFA (0.89 pe/g) BFE R T HABAEY (P<0.05) , T-F I K & WA ] 22 508 525 R 30 i in

http ; //www.ecologica.cn



842 JAE = 45 %

(0.03 pg/g) BF KT HALKEY (P<0.05) , AR I 24 Fha] 22 57 A 3%

FEXSNOS PN BCRE Ty BRI (0.35 we/g) FR, £2(0.30 pg/g) AT (0.09 pg/g) IRZ, AR
(0.04 pg/g) FHIAMR(0.02 pg/g) Tl BR 250 we/m e N R CRE F1 K 0 F, Fofh i B R 454 B R I e
FIHEPARAE 0 R RUBL WS RE S Y 3 R AR ) 25 SR B 3 TR A (0.39 pe/g) i KT H A g
Y1 (P<0.05) BRI ML (0.06 wg/g) B3 KT HAWAEY (P<0.05) , AIAR R I N F1 4L (0.08 pg/g) W&
KT HAWAEY (P<0.05) ,

—m— NH;Y —e— NO;

- b5 + AR R
o A ] S 09
“Ta “TAbe 0.6
0.6 b Ac 06 Aa =
0.4 L 0.4 L 0.3 FBbe =
02tce Boe” P 02fabe  ap Y .
0 n 1 1 0 n 1 1
1.6 - 2.0 - 032
12+ A L5+ A 0.24 +
0.8 | L 1o} 0.16 -
0.5 Abe/ &P
04} . Bb O [Bed b 0.08 -
5 L Bd
2 oTAn . [l ¥R ope
S s ] N 20 ¢ 12
Aa a
—g 12 Aab 1; I Aa 09}
z T =T 0.6
2 0.6 e o 0.8 "Bc Bce Abo
g a . 03}
04
g 031l Bbce o Be .
S . 12
W 1o}
= L5 0.8
= o 0}
Z 4l
. 0.5 ca 02l
0 0k
8 X
& o10f 032
B 08} 0.24 +
0.6 -
04 L 3b 016 B
0ol 0.08 .
0t 0r
07 T 04 035
0.6 Ba 030
0.5 LAab 03} 0.25
04| Abc 0 | B Bb 0.20
8% L Aed 22T . 0.15
2t | c 010
0.1 Fce Aac 0.1 Ac Be 0.05
0r I L L 0 L L L 0
50 150 250 50 150 250

PM, s Ji§ PM, 5 concentration (ug/m?)

2 EREEMRESNRKES PM,RERNXER
Fig.2 Relationship between '*N uptake per unit mass of each organ and PM, 5 concentration
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Fig.3 Differences in '*N uptake per unit mass of organs among tree species
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Table 2 Results of analysis of variance (ANOVA) of '*N uptake per unit mass of organs under different PM, 5 concentrations and tree species

PM, s & PM, 5 concentration/(pg/m3)

B4 BHRER"

N RES PM,  iRERHX R

Fig.4 Relationship between total '*N uptake of each organ and PM, 5 concentration

AR B3R [7] — b AN ) 5% 7 8] 2 57 .35 ( P<0.05) ; AN [l /NG 5 Bl [7] — 4 B A ) Ak ] 2 5 8 3 ( P<0.05)

®2 AEPM,REMMMTRELMAE N RKEHFESHTER

BT i F; R E I it ¥y . .
Tonic Organ Factors i? squares df Mean square
NH} i PM, SR 1.909 2 0.954 31.62 <0.01
g o 4.939 5 0.988 32.729 <0.01
PM, 5 * fFh 3.818 10 0.382 12.649 <0.01
/53 PM, s ¥ i 2.311 2 1.155 56.012 <0.01
T i 3.518 5 0.704 34.108 <0.01
PM, 5 = HFh 1.484 10 0.148 7.192 <0.01
+ PM, s ¥ & 0.987 2 0.493 50.176 <0.01
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2 # PR A bR LRSI TR RN PM,  JCHLALAT NHG Al NO; AW e AN 43-ic AL i 845
I 2555 Fil " .
BT e W oI Frit g 9% . .
Tonic Organ Factors YP df Mean square
of squares
A 1.182 5 0.236 24.032 <0.01
PM, 5 * fiFp 1.044 10 0.104 10.621 <0.01
AR PM, &R 0.001 2 0.001 26.262 <0.01
gl 0.005 5 0.001 39.854 <0.01
PM, 5 * #Fh 0.004 10 0 15.847 <0.01
4R PM, k& 0.023 2 0.012 43.975 <0.01
b 0.05 5 0.01 38.365 <0.01
PM, 5 * FfF 0.048 10 0.005 18.464 <0.01
NO; s PM, s e 0.793 2 0.397 25.556 <0.01
B 1.864 5 0.373 24.025 <0.01
PM, 5 * B 2.747 10 0.275 17.699 <0.01
53 PM, s ¢ & 1.668 2 0.834 49.043 <0.01
b 3.048 5 0.61 35.85 <0.01
PM, 5 * & 5.605 10 0.561 32.961 <0.01
+ PM, s k& 0.257 2 0.128 32.176 <0.01
il 0.996 5 0.199 49.917 <0.01
PM, 5 * FiFf 0.761 10 0.076 19.071 <0.01
HIAR PM, s ¥ & 0 2 0.001 1.759 =0.187
gl 0.021 5 0.004 77.204 <0.01
PM, 5 * HfFh 0.004 10 0 7.885 <0.01
AR PM, s ¥ & 0.007 2 0.003 19.396 <0.01
Fith 0.029 5 0.006 33.688 <0.01
PM, 5 = FiF 0.027 10 0.003 15.315 <0.01
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Fig.5 Differences in total >N uptake of organs among tree species

AN B AR AN R B b 8] 22 57 {23 (P<0.05)
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Table 3 Results of analysis of variance (ANOVA) of total >N uptake of organs under different PM, 5 concentrations and tree species

T iy H% I 2 J7 A1 s ¥y
Tonic Organ Factors Type Il sum df Mean square F P
of squares
NH; I PM, s ¥k & 1074.352 2 537.176 791.317 <0.01
A 14926.757 5 2985.351 4397.737 <0.01
PM, 5 * B 2595.179 10 259.518 382.297 <0.01
53 PM, (V& 238.354 2 119.177 177.483 <0.01
P 9541.113 5 1908.223 2841.799 <0.01
PM, 5 * FF 796.421 10 79.642 118.606 <0.01
F PM, (V& 647.388 2 323.694 325.214 <0.01
gl 7410.633 5 1482.127 1489.085 <0.01
PM, 5 = FF 2520.295 10 252.029 253.213 <0.01
HAR PM, s ¢ 2.936 2 1.468 277.218 <0.01
Tt 44.543 5 8.909 1682.119 <0.01
PM, 5 * B 72.417 10 7.242 1367.378 <0.01
2R PM, , He 89.623 2 44.812 1992.875 <0.01
Wb 223.247 5 44.649 1985.664 <0.01
PM, 5 * B 211.559 10 21.156 940.853 <0.01
NO3 - PM, s W& 1168.933 2 584.467 901.25 <0.01
A 17944.284 5 3588.857 5534.031 <0.01
PM, 5 * ffFh 17455.865 10 1745.587 2691.701 <0.01
5 PM, s Hk& 440.553 2 220.276 371.72 <0.01
gl 4713.674 5 942.735 1590.882 <0.01
PM, 5 * #Fh 6366.657 10 636.666 1074.385 <0.01
+ PM, s JiE 53.513 2 26.756 58.001 <0.01
b 11105.858 5 2221.172 4814.913 <0.01
PM, 5 * B 2401.846 10 240.185 520.657 <0.01
AR PM, s ¥R & 342.839 2 171.419 1013.554 <0.01
A 2133.652 5 426.73 2523.133 <0.01
PM, 5 * B 1345.748 10 134.575 795.702 <0.01
2R PM, ¥R 156.334 2 78.167 1536.648 <0.01
b 861.62 5 172.324 3387.631 <0.01
PM, 5 * fifFp 1386.718 10 138.672 2726.081 <0.01
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