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The influencing factors of negative air ion concentration in Xinjiang mountainous

forest based on path analysis
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Abstract: Stand types affect the efficiency of negative air ions generation within forest communities. However, the key
driving factors of negative air ion concentration ( NAIC) in different stand types remain unclear. This study selected four
primary stand types within Xinjiang’s mountainous forest: coniferous and broad-leaved mixed forest, evergreen coniferous
forest, deciduous coniferous forest, deciduous broad-leaved forest, with non-forest land serving as the control group. NAIC
and 10 environmental factors—including air oxygen content, airborne bacteria content, PM,; concentration, PM
concentration, light intensity, ultraviolet radiation intensity, temperature , relative humidity, wind speed, and air pressure—

were monitored. Finally,the key driving factors of NAIC in different stand types were identified by path analysis. The results
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revealed that (1) Significant differences in NAIC were observed across stand types, with coniferous and broad-leaved mixed
forest ( (3072+385) ions/cm’) having the highest NAIC, followed by evergreen coniferous forest, deciduous coniferous
forest , deciduous broad-leaved forest, and non-forest land. (2) In the coniferous and broad-leaved mixed forest, relative
humidity was identified as the primary determinant of NAIC, with ultraviolet radiation intensity exerting strongest direct
positive influence on NAIC,and the indirect negative effect of PM, ; concentration on NAIC through relative humidity was
notably significant. (3) In the evergreen coniferous forest, relative humidity served as the paramount environmental factor
influencing NAIC. Air pressure had the most pronounced direct positive impact on NAIC , while ultraviolet radiation intensity
contributed the largest indirect positive effect. Furthermore, temperature’s indirect negative influence on NAIC, mediated
through relative humidity , was also remarkable. (4) In the deciduous coniferous forest, ultraviolet radiation intensity was the
key driving factor of NAIC. Moreover, the direct negative influence of airborne bacteria content on NAIC was the most
prominent ,while the indirect positive effect of relative humidity on NAIC was equally significant. (5) In the deciduous
broad-leaved forest, light intensity was identified as the primary determinant of NAIC. PM, concentration had the most
substantial direct negative impact on NAIC, while relative humidity displayed the most prominent indirect promoting effect on
it. (6) In non-forest land, NAIC was predominantly controlled by PM, concentration. Air pressure stood out as the most
direct positive factor affecting NAIC, while PM,; concentration had the largest indirect negative effect, and the relative
humidity indirectly promoted NAIC. Therefore, the influencing factors of NAIC across various stand types exhibit both
commonalities and differences, with relative humidity having a significant influence on NAIC across diverse stand types.
Through path analysis, this study elucidates the action pathways and the comprehensive determining effects of environmental

factors on NAIC, providing a theoretical foundation for identifying the key driving factors of NAIC in different stand types.
Key Words: negative air ion concentration; stand type; environmental factor; path analysis; Xinjiang
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Table 1 The overview of sample plots in different stand types

A L FERARE W3 /m ABFA I ) (4E-H)
Stand types Sample plots Dominant tree species Altitude Canopy density Test time( Year-Month)
B RER SR FiE e I T A A M 1390—1430 0.6—0.8 2022-07
Coniferous and broad- LRy XTI PRI AT NI 1820—1840 0.5—0.6 2023-06
leaved mixed forest [ipNI pNIIF AR AUy 1440—1460 0.5—0.7 2023-08
H G AR KKt NPy 1890—1910 0.7—0.8 2023-07
Evergreen coniferous forest Lkl Kiztz 2010—2040 0.6—0.8 2023-06

(PN Kiiats 1550—1580 0.6—0.8 2023-08
AR AN N HEE S AL 1630—1660 0.7—0.8 2022-07
Deciduous coniferous forest T i e 1630—1650 0.6—0.7 2022-08

I 2938 I R A 1620—1640 0.4—0.6 2023-07
P Ik FRIBS( Wi 1050—1060 0.5—0.7 2023-07
Deciduous broad- EBiN Il KL 1820—1860 0.6—0.7 2023-06
leaved forest gl A 1410—1430 0.5—0.7 2023-08
e Kl Kt B 1880—1900 0 2023-07
Non-forest land PNl i 1800—1820 0 2023-06

(BN i 1540—1560 0 2023-08

=98% ,RFEMFTAI N 5 min/ UK, 38 i SRAE R 25 P A R A 2 B JC B 5 3% (100 mmx 100 mm) A, 257%
HERARG UG K ATP R INASOT UL i, I P00 18] AR 3 TG I 437, FH DI T A A X 5 7 I 26 T 4840
B BHRBT 3K 3 U S A POLRBER RIS AT R, IR0 N 5 U, SERDR K 74 A ATP
DO, 545 15 s Ja B HO8dE , B R 3 YOXs:, BOF(EA B2 UM & i, PM, WK
I PM W JEE 1 DT-96 23 TR REASIAIN 2 , 25 A 3 UK, DI BRI JBE R 58 S A S5 56 B2 73 3l /hy TES-1339 IRJEE
5 TM-213 SEAMR R BRI E , I E A 3 Y, RS AHXHBEE XU AU Kestrel 5000 TR 5
CE  BIHEARE R 3 KiK. AR5 B 2,

F2 HRUFRER
Table 2 The test instrument information
bt [ &S 50 M L) HPETR
Indicators Code Instrument name Measuring range Precision Version Manufacturer
ST 3l S 1) % 2 B B
v %?@E . NAIC 1%%{KIWJ B 0110 /em®  £5% VY1 EF[:l 1R = FE e R R
Negatlve air 1on concentration 1‘&{9"”)( /L\\ &l
Pyl A i L SR : .
L A0C EBRSCEMN 0-30% o TDAOSHO, PR H R
Air oxygen content P2
235 I AL P A - o ST YT-OW6 R R
k &E]WEE- ABC % wﬁ%t\%jd‘%%% 0—9.9x10°RLUs  £5 RLUs QW6+ f!m&zﬁmﬁbﬂ&ﬁﬁﬁ
Airborne bacteria content +ATP 5 IIAYL YT-ATP |
PM,, s ; R A % B R HEE S ik
' PM 2RI 0—2000 pg/m* +1% DT-96
Particulate matter 2.5 concentration = VR pem 0 AR F
PM, i & . R A B B R S i
PM e il 0—2000 pg/m’ +1% DT-96
Particulate matter 10 concentration 10 ZRFEREIN pem v A RAT
JEIRR . AR T TR
JERGALE 11 SR 0—9.999x10%1x 3% TES-1339 TSR T LR
Light intensity PR F]
S N iy - PNy S YN
- %Mﬂ%; A URI SO 0.01—39.99 mW/em?  £3% T™-213 f? ARERELTRAGAR
Ultraviolet radiation intensity N
b=NES Temperature T FHAKL -29—70 °C +0.5 C Kestrel 5000 [ Nielsen-Kellerman /2 7]
ERSRiTAES
il TME - RH FRAELU 0—100% +2% Kestrel 5000 F[H Nielsen-Kellerman /A )
Relative humidity
K Wind speed WS TR 0—60 m/s +3% Kestrel 5000 %[ Nielsen-Kellerman 23 )
SJE Air pressure AP TRl AR 300—1100 hPa £1.5hPa  Kestrel 5000 F[H Nielsen-Kellerman 23 i)
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ARSI AT AREAR SR M N Z2 J0 M UE A8 B35 L, oA 24~ F A8 i 5 IR e 2 [ Rk e &R L T
25748t 2 (] A AH LA FH 2R 88, a3k AT 18 A0 e ) RIS S (1) B AR08 vh oA AR A% 3 i [R] 823000, 8 7R B
— AR RS B TR A LR AR SRR WA T AR S DR AR e ) B R RN e R AE AR
i, AR R (x,) SASE (y) Z IR R AR R b,) 5 20l A )5 B b AR b R (B) — 3L, (] 23
BEBITE LA ()
ryb;=ryXb, (1)
2 r b, R 3B it Xy BB AR B, T, S A TT BRLAF D R b, o Xy 19 BB R AL
142 PRFRE
PR R ELRENS S it [ AR 0 AR R 2R A e VR A LA B AR i I DR BB/ IE X E A3 T
HEFP , DA T8 S 3 2 e S A8 B R 2 R AR i A U
R}, =2br,—b; (2)
L RY o Xy PSR ERE b, R Xy W IR R, Fx, 5y IR OC R AL
143 FIEREREL
FlAEARRE(R,) R /INAT DL BB () SE MR R 1 . 24 R, /I, R AR L 2450 58 35 Hb fff
BT R g R BN R, IF HHA BRI MR MBI ARE 115 24 R, AR, RIABAI o] G815 e T S22
AS i, WO AT AR R MR 2500, 75 B b — % JE AN AT A8 i DA SE A 2 el 4l 42 R B T8 ik I
K(3):

R,=/1=(r\,b,+ry by+---+r,b,) (3)
1.5 HdEabis ot

B JH SPSS 27.0 BAFTE 0=0.05 BB E MK #4705 2234 2 5 A 2 5038 28 |l VA 23 A, 5748
Origin 2024 Rk 2 HIA CHEREE . R Excel BT FRAZ (1) —(3) #HAT AR 50T, THAE AR RE TR

PN G ESHEEES T
2 HREHSH

2.1 R[ARAY S S B U R S R A LA

AT NAIC PR bR i 22 ) B0 H AR 2 35 22 5 (P<0.001) , 1 [ 1R 28 M fi i (((3072+385) 1~/
em®) |, TOMHBIRAG , 29 R 5T RV SSARIN 1/3 48, AN IR A A 55 PR -t 2 ARG f 35 2% 5% ( P<0.001) , e g i
AR 23 R AR e ((21.02£0.07) %), RS PRI Z o & RRTR AS MR 25 A TR 3 i (124 +20)
RLU/78.5cm”) .PM, ¢ ((2.88+0.95) wg/m®) Fll PM, W ( (5.63£1.06) wg/m®) FEA[RIARIY Fp a4 4b T A
IV, 20 HTOARH Y 1/4 A5, O RESR BE 58 AhA dm S o FE R B — B ny A - 1 TR S bR <7 i I i R <
SRET AR <TE B AR < TC AR ML, TEAR M A O BE SR BE (89164 +6870) Ix) 158 #1k 4f 5 5% )3 (((4.98+0.30)
mW/em?®) 53 1A FLAARTY () 7—10 {5 H1 4—8 £, JoMRHh AT ((30.1+3.3) °C) femy, L ILABARTY & 6—
10 °C, BRI A X AT BE T 75, B R TR S MR 51 ( (51.328.7) %) , oMk ik, AH S, TohkHL i
A ((2.1£0.6) m/s) B3 m THANMAY 2950 H 3—4 % v - [ AR <R B = (((847.4+28.3) hPa)
SRET ARG, W 3,
2.2 RI[RIBREY ZS SR U B S AR R B A DG A

i) Pearson AHCRECKA i NAIC FIFREE HF RO SAHOCOC R . 45 R WRTEST RV SR | H 4t it Ak
FFER AR AR NAIC 5433 & DCIRGREE KM STa E AMEE MAE R IEM G, 5SS ME &
i PM, HRBE PM, Vi FE R BE 2 SAE DG, FEFE I ARk NAIC 523 A& i OGIRER AR S0/ R i B
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FIAHXHER I 22 IEAHSG , 528 AN & 1 PM, S PM B AR 22 S RH G, AR O AR NATC 5 A0 <
PR 2 S TEAR DG, 52 AN & Bk P R P VR BE IR J32 52 A OG, LI 1
£3 FARBSSABTRESHFERT CFYMHbER)

Table 3 The negative air ion concentration and environmental factors in different stand types ( Mean+SD)

FRRIRACH WERERIEAR VERRERREAR YRR AR

4 N WiN:

LU Li<R ) Coniferous and  Evergreen Deciduous Deciduous ;EM‘[& .
n-fores
Indicators Units broad-leaved coniferous coniferous broad-leaved on-lores
. land
mixed forest forest forest forest

D3 = 4 B Tk [
= T{\ %¥Z&E . A/ em? 3072+385a 2918+608a 2654+244hb 2044+331c¢ 1133+349d
Negative air ion concentration
o LR % 20.99+0.06a 20.95+0.06h 20.93+0.03b 21.02+0.07a 20.90+0.01c
Air oxygen content
Pg e G AL
- R E. RLU/78.5cm?  124+20d 153+22¢ 168+23¢ 218+38h 493+32a
Airborne bacteria content
PM, sk

2.'5 - . ng/m? 2.88+0.95¢e 3.88+1.09d 4.58+0.59¢ 7.43+1.35b 11.88+1.65a
Particulate matter 2.5 concentration
PM, W<

]f) - ) wg/m’ 5.63+1.06e 6.67+0.94d 8.20+0.96¢ 12.90+1.90b 23.94+2.39a
Particulate matter 10 concentration
Y- R o
j'ﬁ?ﬁf;: . Ix 8238+1049¢ 12063+1985b  12975+2675b  9477+1431c¢ 89164+6870a
Light intensity
B f O £ f R
ﬂiﬁl\/#*mﬁjgii; . . mW/cm? 0.66+0.23d 1.16+0.26b 1.25+0.35b 0.87+0.18¢c 4.98+0.30a
Ultraviolet radiation intensity
=85S Temperature C 21.3+1.1c 21.7+3.8¢c 20.3+1.4c 24.1+3.8b 30.1+3.3a
FHXF R Relative humidity % 51.3+8.7a 46.7+6.6b 44.6+5.1b 39.0+5.1¢c 32.6+8.7d
JX3# Wind speed m/s 0.7+0.2 be 0.5+0.2¢ 0.8+0.4b 0.7+0.2 be 2.1+0.6a
SJE Air pressure hPa 837.7+20.5 ab 811.7+19.4¢ 831.5+1.3b 847.4+28.3a 819.8+14.7¢

AR INE AR A R SR I3  22 57 .35 (P<0.05)

2.3 A[EMAI S S0 Bk B S IR R 1 200 A0 [ 43 B

P L 1 ] AR TRIAPR TR (8 PR PR 1 =2 TR) A5 5058 1 A e, A B M 5, fRT LAY Pearson HHIC R REIE
T F R4 FREE N X NAIC OS2, PRI K NATC 7R IR AR & 10 NIREE AR H AR B T 20 4
30T, F AR K ¢ K3, Z2BR P<0.05 K R E2E S ilrs i, 45 R B (£ 4) 5 MIRSHY
NAIC = ZEAZMIXHRIE SR 4m  5 F0 PM, VR SN 53X 3 AN IRBE i Re T 78.3% 11 AR 1 A8 5 5 i i
FEIEARAY NAIC FEBEZ AN EE (SR I BE RN EE A2 i S o BE 52 i X 4 S FRBE R T 1 95.8% M Rl A8 1t
AR VR R AR NALC 322257 58 A2 S ot B | 25 SO T 7 et R O B 5 I, 3 3 A R85 R T g T
84.0% MRS 748 S s Y I ARG NATC F2 2232 6 ISR BE  PM, ¥ B8 FIAR X BE 2 00, 3 3 AN BR T IR 1 il A
T 78.1% MR AR AR S AR LAY NAIC 242 PM, WK SR AHXHEEE RN PM W B 5200, 3X 4 DN IREE A 1
R T 92.5% W HAR AR ST R I AT UL ARGHE BE XS R AR ) NATC 37778 A TR RE B A5
2.4 AN[FIAREY A S0 B Uk B S A R @ AR S A

it FIRA TS AN R AR NAIC 5 FR5E PR 7 19 ] BRAF OC R 80 (T 1) A B 4230 48 R B RIAR i1k R 8K
(R 4) MEAX D) IR REGERE R Z5REV (K S5) e RS 58 Fh 2 dm S o B X NAIC /Y &
FEAE RO Fe K, PM, VR X NALC 114 B 680 e 5 [ s, ARG 33 2ok 5 ) PML, VR JBE X NAILC [ [RJ 2 IE K
MR (0.260) i PM, ¥ 32 AR 2 m %t NATC A9 18] 32 50800 B K (—0.250) |, 156 HH Bl 25 AR B T
FRART PM, ¥R BE, [RIEAE UE T NAIC OB, 765 SRR ARd SR NAIC 1) BLHE IE R0 55 K, 17 I B X6
NAIC ) B3 RN fe A 5 AN, 48 A28 4 559 5if 8 110 L 42 3 448 R 400 /N, 0 L e D 0T 388 5 /50 R L B8 X
NAIC [ [R] 33048 R BUE MK (0.536) , BLBTIZ I R X NAIC (4 [A] 32 1E 8500 0T @ 3 78 78 T Ak, 584k
ARSI BT NAIC A BR800 fe K, s S 3 /00 NALC A A% 0 i ek, Bas SO & i 32 50 4h
LR AR ORI A S A X NATC 4 IR] 32 5 300 5 (=0.307) o 75 75 R b b | ' BR B B2 X NATC 110 742 1F R4
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R RN AR

NAIC @ o e NAIC 000060
AOC | 058 & & & AOC | 06 ® o060
ABC | -064 -055 . . ABC |-075 -062 . . 3
PMys | -074 -056 083 . PM,s |-076 -051 080 . .

®

PMjy |-075 -052 087 081 PMyy |-081 -0.51 085 078

LI | o061 054 -041 -038 -058 LI o072 050 -0.58 -0.69 -0.68

URI | o070 o051 -052 -040 -061 057 URI |[073 072 -0.66 -049 -0.57 0.62

°® o
‘000000000

T |-040 -037 061 046 049 -0.058 -0.34 T -0.60 -0.34 026 024 040 -044 -0.46

RH 0.80  0.62 -0.70 -0.77 -0.77 0.69 | 0.54 —0.42 RH 085 063 -0.70 -0.71 -0.76 0.70 | 0.76  -0.66

WS [ -012 0025 022 019 0096 -0010 -0.021 041 022 WS | 015 014 -011 -015 -0.12 029 011  -026 029 o
AP | 074 038 -053 -0.68 -0.68 034 067 -044 062 0031 AP | 040 018 045 -045 -032 048 0050 034 0017 0050
O Y YW T = 5 g B E Y O QYW T = 5 g = E 2>
= o m < = o m <
s 2 < Z z S = s % 2 2 Z S o
PR N Y& i bk
NAIC 0000000 . NAIC 000000 .
AOC | 043 & ® 0 0o 0o ® ° AOC | o072 & &
ABC | -078 049 . ) . . . ° ABC |-070 -0.59 .

PM,s | -069 -0.40 0.9 CORE . o
PMio | -069 -017 051 054 L)
LI | 082 023 -071 -0:62 -0.63 . .

URI | 084 022 -0.65 -0.64 -0.59 083 S

PM,s | -075 -0.66 070

PM;y |-066 -0:62 079 079

LI | 080 068 -0.66 -0:66 -0.59

URI | o073 076 -0.65 -0.71 —-0.60 0.86

T | -065 -038 067 061 052 -0.63 -0.58 T -0.51  -0.26 034 031 032  -047 -0.43

RH 074 027  -0.61 -0.59 -0.68 0.60 0.60 -0.56 RH 070 052  -0.49 -0.48 -041 063 0.60 -0.83

WS |-0.058 0.072 0097 014 036 -027 -0.17 0.9 -0.021 WS 0.086 -0.011 -0.15 -0.10 -0.14 -0.17 -0.062 -0.13 0.037

AP | 063 031 -054 -050 -062 044 052 -053 065 017 AP | -035 0097 039 021 030 -041 -030 088 -0.71 -0.17
5 = A @ 02 = o ©
82 fz "8 EEF EEEE R
Johkit
NAIC 0000 00000
AOC | 038 o o @ o 00 - 00O
ABC | -077 -026 . . ® @& . o ® . 1.0
PM,s | -085 -0.18 079 . ® o . o @ . 32
PM,, | 078 -029 083 068 ® ® . o 0 ® 0:4
LI | 030 018 -046 -0.40 -0.45 ® . (N BN ) 0.2 ﬁ
URI | 036 039 -054 -028 -044 041 o 0o ® e ?02 2
T | -066 -039 060 059 061 -061 -028 & o o _0:4 =
RH | 040 -0028 -018 -028 -031 012 019 -058 e o -0.6
-0.8
WS | 060 032 047 050 036 022 049 -025 -0.19 . 10
AP | 072 044 -058 -058 -050 019 043 -029 018 085

B1 ARKEESHEFRESHERTFHEXES T

Fig.1 Correlation analysis between negative air ion concentration and environmental factors in different stand types
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Table 4 Multiple stepwise regression analysis of negative air ion concentration and environmental factors in different stand types

psii Y AR RS AR R , p e
Stand types Model B SE B
B RER SR 1 s 1271.664 277.008 4.591 0.000 0.635
Coniferous and broad- RH 35.073 5.323 0.797 6.589 0.000
leaved mixed forest 2 o 1308.035 239.858 5.453 0.000 0.738
RH 26.013 5.468 0.591 4.757 0.000
URI 644.802 210.028 0.381 3.070 0.005
3 W 2292.938 499.473 4.591 0.000 0.783
RH 14.290 7.354 0.325 1.943 0.064
URI 660.834 195.098 0.391 3.387 0.003
PM, 5 -136.931 62.160 -0.338 -2.203 0.038
B BRI AR 1 B -769.416 460.502 -1.671 0.107 0.723
Evergreen coniferous RH 78.909 9.763 0.850 8.083 0.000
forest 2 g -10581.348 1876.569 -5.639 0.000 0.873
RH 78.327 6.760 0.844 11.586 0.000
AP 12.122 2.285 0.387 5.306 0.000
3 o -11581.877 1314.653 -8.810 0.000 0.941
RH 54.059 6.617 0.583 8.170 0.000
AP 16.418 1.786 0.524 9.191 0.000
T -62.205 11.977 -0.393 -5.194 0.000
4 W -11305.689  1146.750 -9.859 0.000 0.958
RH 39.433 7.644 0.425 5.158 0.000
AP 16.331 1.553 0.521 10.515 0.000
T -64.348 10.438 -0.407 -6.165 0.000
URI 452.345 155.727 0.196 2.905 0.008
I EE AR 1 g 1926.583 98.374 19.584 0.000 0.702
Deciduous coniferous URI 583.809 76.102 0.838 7.671 0.000
forest 2 W 2889.210 293.721 9.837 0.000 0.799
URI 395.281 84.316 0.567 4.688 0.000
ABC -4.336 1.270 -0.413 -3.414 0.002
3 W 2209.660 389.561 5.672 0.000 0.840
URI 329.199 81.746 0.472 4.027 0.001
ABC -3.249 1.245 -0.310 -2.610 0.016
RH 12.993 5.402 0.270 2.405 0.025
F A [N 1 g 280.935 262.874 1.069 0.295 0.648
Deciduous broad-leaved forest LI 0.186 0.027 0.805 6.781 0.000
2 o 1565.908 517.092 3.028 0.006 0.734
LI 0.126 0.033 0.545 3.868 0.001
PM, 5 -96.196 34.548 -0.392 -2.784 0.010
3 o 1145.583 515.167 2.224 0.036 0.781
LI 0.090 0.034 0.390 2.642 0.015
PM, 5 -88.512 32.204 -0.361 -2.748 0.011
RH 17.980 8.087 0.280 2.223 0.036
Tk 1 i 3277.979 265.977 12.324 0.000 0.726
Non-forest land PM, ; -180.592 22.190 -0.852 -8.138 0.000
2 g -3798.404  2350.444 -1.616 0.119 0.802
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A FiA AR R AR bR fb RS , P e
Stand types Model B SE B
PM, 5 -138.996 23.672 -0.656 -5.872 0.000
AP 8.029 2.654 0.338 3.025 0.006
3 HAE -8553.079  1931.335 -4.429 0.000 0.904
PM, 5 -93.652 19.199 -0.442 -4.878 0.000
AP 12.584 2.103 0.530 5.983 0.000
RH 14.801 3.000 0.370 4.933 0.000
4 W -6855.626  1878.079 -3.650 0.001 0.925
PM, 5 -74.079 19.097 -0.350 -3.879 0.001
AP 11.197 1.984 0.471 5.643 0.000
RH 12.795 2.834 0.320 4515 0.000
PM,, -30.408 12.321 -0.208 -2.468 0.022
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