+ o

Acta Pedologica Sinica

DOI: 10.11766/trxb202503200125 CSTR: 32215.14.trxb202503200125
PeEE, BT, AL BN, R AFASRRARR LI AU BT R 22 A RIT]. LR, 2025,
LU Lu, ZHOU lJiake, WANG Jing, JING Hang, CHENG Yi. Differential Responses of Net Nitrogen Transformations in Rhizosphere Soil with

Different Root Diameters to Nitrogen Deposition[J]. Acta Pedologica Sinica, 2025,

FREIRERR ARG LR RRE U RNENE
SR

H gk, FtER A, E AT, RO R OE?

(1. B RO R MR 2 Bt . KL ORER B, FAT 210037; 2. R RUTNE R BRL205, FIAT 210023)

1 E: ZRAYW, BELHERsSEFEE HAMEYENERER, HEAREREREERTIERELIIE, AW,
AN FAR AR ZARPR T IB R R AR R AR E 2 57 H B0 AN, HOOE 2000 R 1 i) 187 2 753 2 5 NN SR i . ARHIE 5T
PATE 4 AL 3 MERIR R (RZH4EHE, 0~0.5mm; WEE4HIR, >0.5~1.0 mm; HUHAHME, >1.0~2.0mm) #
BrtgEnt g, #A7 4 MKHIBEIE TR K (NO0. 3. 64 9gm2al) /NX, @it % IR SLIe i 7t - 350 1k
AL R R LA RO BRI R S5 R 1D ARERR AR LR s R 27 B2 (P<0.05) , %
PHAARAR PR T3 R (R IR bR CPRIER IR 2.16 mg-kg!-d ! P ALER 6.67 mgkg!-d) . 2) bR
b3 5 1 A A R A KPS v S I S R, FERTRE 6 gom2-at B9 grmZa AL B A SRORMH, TR
R B 3 4 SRR A AR R TR AL R B35 BRAS (P<0.05) o BRANZIARAR B 398 v G0 A ok 2 o R0 N 0 W 82 B 62
FHAARAR BRI AN AEARBR TR W E . 3) OGRS B S5 H T AR B R W], AICGEUNT 4 U A 8 (R 1) 5 33 e 2
AERELEML, @AM LRRE L REMC . A FRRY, BUIRRY SR b LR E R dfE, HAR
B R IR E AR I R 25, ISR AR b 3R R AL FE O S0 AT Bh T 4R B ORE A AR bR - 3R AE R

PPt
KHEEIE: VAN RSN MRBRTIE; WARMER REAER
FESHES: S154.1 XEkFREAD: A

Differential Responses of Net Nitrogen Transformations in Rhizosphere Soil with
Different Root Diameters to Nitrogen Deposition

LU Lu', ZHOU Jiake?, WANG Jing', JING Hang?, CHENG Yi?
(1. College of Forestry and Grassland, College of Soil and Water Conservation, Nanjing Forestry University, Nanjing 210037, China; 2.
School of Geographic Sciences, Nanjing Normal University, Nanjing 210023, China)

Abstract: [Objective] Under the influence of root, rhizosphere soil has rich nutrients and active microbial biochemical
activities, and its nitrogen (N) cycling process is significantly faster than that of non-rhizosphere soil. However, whether

rhizospheric N transformation characteristics differ among root diameters, and whether their responses to N deposition are
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significant remain unclear. [ Method IThis study focused on non-rhizosphere and rhizosphere soil with different root diameters
of Pinus tabuliformis on the Loess Plateau of China (very fine root, 0-0.5 mm; medium fine root, >0.5-1.0 mm; coarse fine
root, >1.0-2.0 mm). Additionally, long-term experimental plots were established with four simulated N deposition levels (N
0, 3, 6,9 g'm?2-a’!). An indoor incubation experiment was carried out to determine changes in soil net mineralization and
nitrification rates of non-rhizosphere soil and rhizosphere soil with different root diameters, as well as their responses to N
deposition. [Result] The results showed that: 1) The net N transformation rates in rhizosphere soil varied significantly among
different root diameters (P<0.05), and the highest rates were observed in thizosphere soil of very fine root (2.16 mg-kg'-d"!
for mean net mineralization rate and 6.67 mg-kg!-d"! for mean net nitrification rate). 2) With the increase of N addition, net
mineralization and net nitrification rates decreased first and then increased, peaking at N 6 g'-m?2-a’' or 9 g'm-a’! treatment.
In contrast, the net N transformation rates of non-rhizosphere soil were significantly inhibited by N addition (P<0.05).
Moreover, net N transformation rate of rhizosphere soil of very fine root was more sensitive to N addition than that of coarse
root and non-rhizosphere soil. 3) Correlation analysis and structural equation model showed that low N addition inhibited net
N transformation rates through its significant association with soil ammonium content, whereas high N addition enhanced
rates via significant linkage to soil carbon-nitrogen ratio. [ Conclusion IN deposition significantly altered the N transformation
process of rhizosphere soil, with distinct variations observed among different root diameters. Therefore, strengthening the
study of N transformation process in plant rhizosphere soil is helpful to refine the rhizosphere effect and the assessment of
forest soil N cycle.

Key words: Pinus tabuliformis; Nitrogen addition; Rhizosphere soil; Mineralization; Nitrification
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F8E0N 0.5, BFA (Pinus tabuliformis) « A (Betula platyphylla) 557K ; B3 (Rosa xanthina) «
&HRAE (Lonicerajaponica) « ¥HFIT (Elaeagnus pungens) “S¥EAR; W EE (Carex lanceolata) -
55548 (Dendranthema indicum) S5,
1.2 R+ S5HmEE

THFA ARV FEAEAIRIG N 2014 SETTAR, AR S 4 - 35 0T s A AR 2 B BT R 7
WHERME (NO~12gm?al) " E 4 MEBINARE: M (0g'm?-al, NO . K& Ggm
2al, N3) . A& (6 gm?al, N6) AIEE (9 gm?al, N9) . FHMERMGCIERE 4 MR/
X, TR 100 m?, (ARG 5~15 m, {REFSZHIARAFEEAA R DL BRI 2R 22 . DLRHRR B AT s
b, BES N4 E 0T 4. 64 8. 10 FLE/NX BT, BEFFPER RS, NO ALEHT 55 & 25 5 17K .

2023 47 10 HRE LM, A AR 5 em BEERE 0~20 com £ZAEMPR LI (NRD = 4
INXEL S TEIEHE 5 A mK4E 500 g BLE+2E, 4 ANRX EREEEIRGE S S0 TS . RN
G FEIMIRA MR TRE 2 8] B HAR N AR DA, ZRERRIEARY . 4% 3 FIAFIAR RAZ SR L MAA TR bR 384
e ARAHARR (B4 0~0.5 mm) . AR (EA£>0.5~1.0 mm) FIHBHHAR (EAE>1.0~2.0
mm) , HARFREIESSHCHE R1. R2 FIR3. FEA/MXIZHE 5 AMEREE 20 om (L3851, HVFER R
FOMEH T EaAmmRRER, REHDIERRFR (0~1ecm) I8, BEH. S HEER
FEM PR TERAR . AR A 2 mm 0, —# 0 KEHTIE SR ARSI,
— 5 4 CIRAFFH T AR FRSCE,  ME i B AR
1.3 EREFLE

T8 I S T A IR R e AN R [R) A LR S B, AT R U Ak e . AR
RN JEAR BRI 3 FhA R HAR F AR Br IR SFRIDOUHE 24T 20 g Mt L H LA E T
250 mL =i, B 4 ERER A S (0.5hy 1ds 2d. 3d) , BRREURERE 3 MKFEE, St

http://pedologica.issas.ac.cn



+ o

Acta Pedologica Sinica
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Table 1 Main chemical properties of rhizosphere and non-rhizosphere soil of Pinus tabuliformis

i RATH R AR AR AP £ AL
Soil Root N addition pH Ammonium nitrogen Nitrate nitrogen Organic carbon Total nitrogen Carbon-

diameter /(mg-kg™") /(mg-kg™) N(g-kg") N(g'kg") nitrogen ratio

NO 8.33+0.06aA 4.41+£0.10aA 7.72+£0.28dA 29.9+0.8abA 1.47+£0.06bA 20.3+0.5aA

AR N3 8.32+0.01aA 2.01:0.07bB 6.68+0.18cB 31.3£0.52A 1.670.06aA 18.720.4bC

Very fine root N6 8.33+0.06aA 3.68+0.26cA 9.40+0.56bA 30.7+1.2abA 1.67+0.06aA 18.4+0.7bB

N9 8.24+0.23aA 0.96+0.05dC 13.68+0.80aA 28.4+0.8bAB 1.53+£0.06bAB 18.6+0.3bB

NO 8.41+0.04aA 3.85+0.28aB 5.89+0.38dB 27.2+0.7bB 1.33+0.06bB 20.5+0.5aA
IRFst: R N3 8.30+0.14aA 0.99+0.08¢C 6.68+0.50cB 27.141.3bB 1.3720.06bB 19.8+0.1abB

Rhizosphere Medium fine

soil root N6 8.29+0.35aA 1.56+0.09bC 8.34+0.16bB 30.8+2.2aA 1.60+0.10aAB 19.3+0.5bcB
N9 8.29+0.27aA 1.12+0.02¢cB 10.90+£0.37aB 27.0+0.8bB 1.43+£0.06bA 18.9+0.3cAB

NO 8.25+0.21aA 4.38+0.06aA 5.40+0.33dB 29.4+1.9aAB 1.43+0.06aAB 20.6+0.6aA

AR N3 8.24+0.06aA 0.71:£0.16bD 6.08£0.08¢C 28.4+1.2aB 1.47+0.062B 19.30.3cB

Coa:zztﬁne N6 8.23+£0.06aA 0.14+0.17cD 8.75+0.33bAB 30.0+1.1aA 1.53+0.06aAB 19.6+0.5abAB

N9 8.22+0.03aA 0.12+0.01cD 10.22+0.41aB 28.0+0.4aB 1.434+0.06aA 19.6+0.5abA

NO 8.35+£0.08aA 4.31+0.17aA 5.304+0.26¢cB 28.5+1.0aAB 1.33+0.06bB 21.4+0.2aA

MR Bt N3 8.34+0.05aA 3.734£0.08bA 7.45+0.14bA 30.5+0.9aA 1.434+0.06abB 21.3+0.3aA
Non-rhizosphere soil N6 8.31+£0.04aA 3.06+0.09cB 7.45+0.07bC 30.6+1.5aA 1.47+0.12abB 20.8+1.3abA
N9 8.29+0.04aA 1.28+0.02dA 9.16+0.33aC 30.2+1.6aA 1.57+0.06aA 19.2+0.4bAB

e CPHEEARHESE . AF/NG FREROR A — A LA R RS IR MZE R R, AFRRS FRERORE — MR IR AN AR R br 3 AR AR bR L8 2 7] 72 7 W 2% (P<0.05) . Note:
Mean =+ standard deviation. Different lowercase letters indicate significant differences among N addition levels for the same soil type, and different uppercase letters indicate significant differences between non-

rhizosphere soil and rhizosphere soils with different diameters under the same N addition level (P<0.05).
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Table 2 Two-way ANOVA of N addition, root diameters and interaction on soil chemical properties

o ne L B
SN - AR AR A LA EH Carbon
Factor P Ammonium nitrogen Nitrate nitrogen Organic carbon Total nitrogen . .
nitrogen ratio
—
CR/
A J, . 0.57 1392.31%* 420.45%* 6.98%* 14.10%* 19.32%*
N addition
RN
’ ,41 1.00 450.66%* 70.83%%* 7.57%* 12.70%* 20.11%**
Root diameter
ZH
- VEFH 0.13 122.96** 19.74** 2.24%* 3.43%* 2.42%
Interaction

E FFIRRIR 0.01 A1 0.05 KPR, R FE. ZBRNERE N 3. 6. 9gm-2at, MARHEHE 0~0.5mm (B
) >0.5~1.0mm (HEEHMRD . >1.0~2.0mm CEAHAH) FIGEHEER. TA. Note: ** and * indicate significant differences at 0.01
and 0.05 level. The number represents the F value. N added includes N 0, 3, 6, and 9 g'm--a”!, root diameter includes 0-0.5 mm (very fine
root), >0.5-1.0 mm (medium fine root), >1.0-2.0 mm (coarse fine root) , and non-rhizosphere. The same below.
22 HRAHNBAZTELK

TSRS EAAR A 2T B, PR Pr IR T R R T NR (B 1a) o 57
W], NO ALBR ) NR #8580 & N FEm R, MIEFRVIHI 19.82 mg kg T ZREEFRA RN 4.67 mg-kg
'y N6 NO AbFRE T FEIE Xz o ARBR 3R, B0 R BRI S NI A BTN, N6 2 N9
AEBER B fetR e BEAh, RS IIRT R1 A RS BRI K T%F R3 ARSI .

5 SRS EREHAR, SRS BEAER NSRS 2 ETHEY, KPRk
T ETHIEEERT NR (B 1) .« H577I1E], NO ALELf NR A RS & LIHIE - H A R
MRPr3T, N6 5 N9 AREE N (R AR S & LB ROR, N3 BN, Ak, Rand R1
ARG ERUKEMW KT R3. XEUIEHFRLRET, RS IAR R R PR S MR P R R
Gy IR, TR 2 E 2 RS &

—=— NO—¢— N3—— N6—v—N9

o -
RI R2 a) 280 RI R2 b)
18 ~
70
12 60
']
6f = 50 -
>
K g ap 2
c R3 NR 80 2 R3 NR
(9] :
18 ) 70 5
12 = ; g
] E e} 8
4 z 4 =
& O S & 50 M‘
% : %
B0 = = 40 =
0 1 2 30 1 2 3 0 1 2 30 1 2 3
$2 25 8] Incubation tin e/d B4 95705} 1] Incubation tin e/d

#: NO. N3, N6. N9 S HIFEREHRMATN: 02 3. 61 9gm-2al. R1. R2. R3. NR #ilFER7A: WANAIARMRER 3% (0~0.5
mm) . PEMRRFLHE (>0.5~1.0 mm) . BHHMBWARFRLHE (>1.0~2.0 mm) FAERERLH. FE. Note: NO, N3, N6, and N9
represent N addition levels of 0, 3, 6, and 9 g'm-2-a’!, respectively. R1, R2, R3, and NR represent the rhizosphere soil of very fine root (0-0.5
mm), medium fine root (>0.5-1.0 mm), coarse fine root (>1.0-2.0 mm) , and non-rhizosphere soil, respectively. The same below.

K1 AFEEBI T AR BRI PR TR S A S8 () MMESEEE (b) &l
Fig.1 Dynamics of ammonium nitrogen content (a) and nitrate nitrogen content (b) in rhizosphere and non-rhizosphere soils of Pinus

tabuliformis among N addition levels
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FNINEE R T T3P R AP b id 2 (8 2, P<0.05) o MRPR 3840 1L
TR BE RN I 2D . 5 NO ABEEARLL, N3 AP R1. R2. R3 [VEH (LEF 5 5
BETIT 59%. 35%-. 93%, 1 N6 5% N9 Ab3H8hn 7y h 1bidi . 5 No A3 Ab, ZashnfEdE
MR BRI R B NIRRT 44%~63%. ANARHBMR RMRE HIEANET (LR G B %2R
(P<0.05) , RI WRFH 4L E KT R2. R3. RUHETZEZSHTERY, FBIMAR KBTS g
REREZELZHER (P<0.05) , SRR NERIIEA R AR R PR LI R0 8 3= ek G
WK, R1ZE N6 AF AR AM (3.12 mgkg!'-d") , 1 R2 Il R3 7€ N9 AH b i KME (51N
2.46 1 1.91 mgkg'-d) , NR FEH L# 2 NO B H HRAME (3.44 mgkg!-dD .

R PR 358 P34 A A 2R B N I SR ISR RN S I O H . 5 NO ACFEAREL, N3 AR BRAH A AL I
KERETET 25%~59%, 1M N6 Bt N9 AFEEHEIN 1 i . 5 NO hEAELL, B R br
FIEHNR AL E R B N AT 30%~46%. ANFAEZR R AR PR 385 AN A E A B 3% 2 7 (P<0.05),
Rl PR R E T R2. R3. MWHRERTZEZSITRY, FRINSERABIHFHL R FA B2
LHAER (P<0.05) , RICHEB A R IR RARPR I8 R R 2 0080/ G 1K, R17E N6
AR B KAE (8.46 mg-kg!-d!) , 1 R2 Al R3 7E N9 AP R fie KAH (4518 6.95 F1 6.03 mg-kg
Ld) , NR I EALHERAE NO A A & KA (8.50 mg-kg!-d!)

[ NN N N9

E‘?’ St R ARAZH Rootdiam eter: #% 22r TR A& A Rootdiam eter: #%

] BRI N addition: a) ol BURIIN add ition: b)

5804 L X B {E A Interaction: ** aA —:010 F X H YE A Interaction: **

g g aA aA
" 0 55l B , g
 oo3r = e cB ': 4 2
358 aA D g ] F
T g bB T2 o6f :ﬁ‘ﬁ :ﬁ [y
= bB s v“,‘?’h ?’.ﬁ P
TRl bA g o B S !

e be BE 4| | o ocEil b
- .= ijiﬂ! g i

E » RN - WY e

81t T.1 s /V"’\' / P B

: 79 20| gs | i

i 2 %

2o :% 0 e AR ]

< R2 NR RI R2

T £ Soil T Soil

P BIEEIR 0.01 Al 0.05 K3 . Note: ** and * indicate significant difference levels at 0.01 and 0.05.
Bl 2 AR T A RERFAI SRR bR L3P B0 LE R (a) MM ER (b &b
Fig.2 The average net mineralization rates () and average net nitrification rates (b) of thizosphere and non-rhizosphere soils of Pinus
tabuliformis among N addition levels
24 TEUEMHRESFABRNERFEEXLR
FEORBAHRIE AR W], B AR MARSE. WAL S R, PR
FHBEMRME (R 3, P<0.05) . #HEFES N3 A THRESE. HERSEREREIEMX,
M5 N9 AHE T RS R S EAIRE L 2 B E VUG FiE R 5 N A3 T EASE. AR
B IEADE, 5 N9 AH TSRS EMKE L2 B AHC. @ iarREEMm (B3, &
ISR B HAA AR T 358 A A 2R S5 A T R B R 2 TR A G
&3 FRIEAMES T HRTIEE SRR UERRES U RIE R/ REEXRY
Table 3 Pearson correlation coefficients between average net N transformation rates and soil chemical properties of Pinus tabuliformis

among N addition levels

sk Eaayl SR HER A HLER ) AL
Uy
I Eld N pH Ammonium Nitrate Organic Total Carbon-
ndex
addition nitrogen nitrogen carbon nitrogen nitrogen ratio
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NO -0.08 0.44 -0.27 0.16 -0.18 0.65*
TN N3 0.38 0.71% 0.76%* 0.38 0.00 0.51
Average net
. . N6 0.11 0.60* 0.44 -0.04 0.24 -0.27
mineralization rate
N9 -0.11 0.23 0.85%%* -0.36 0.04 -0.75%*
NO -0.08 0.58* -0.06 0.28 -0.04 0.60*
FHpRLE R N3 0.20 0.02 0.34 -0.36 -0.41 0.22
Average net
. . N6 0.11 0.61%* 0.47 -0.02 0.24 -0.26
nitrification rate
N9 -0.14 0.19 0.91%** -0.38 0.02 -0.75%*

VE: RI*ERIR 0.01 A1 0.05 /KFE3 . Note: ** and * indicate significant difference levels at 0.01 and 0.05.

R?=0.73 P<0.01
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Fig. 3 Results of lincar regression analysis between average net mineralization rate and average net nitrification rate
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0.001 /KFiE3 . Note: The value on the arrows and their thickness represent the path coefficient and its magnitude, respectively. Solid lines

indicate positive correlations. Dashed lines indicate negative correlations. *, **, and *** indicate significant difference levels at 0.05, 0.01,

and 0.001.
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Fig. 4 Analysis of factors affecting net N transformation rates with the structural equation model

30

3.1 EARMMAEERIRARGLIRFT RERFN

BN T BRI JEAR b LI B A A R AR AR 22 57 o BN IR 25 40 1 R P 8 1)
H g (B 2a, P<0.05) , FTRES AN T AEMRER LT S EREA . BT AR bR 586k
ZAR RBIREIN 10 AN BN I RE G I A s, IR A P A A DL RO IR A R R, B
A FPECEF G EEC AR TR AREFFE R, ARESN S T AR b 3 b 2,
M A G REERH, SEEEEAR . EEIE M AEA 2 B R . RS SR ERE,
AR AT s A i Ve B R B B AR . fEARMAES Raih, BIERE (C-ND fEHR T FREER
EIRG KRR BN Re R AR R IR 32 T Uk 35 AR PR s8R, R ad it 4 )
5 IR A S RE i M PR 3R R i R 22, — T BC FRid = A B IR SRR (B R 1
WIS T AR PR, T T ECE m M RE BRI I 26 . B aT 0L, AN AT R 22 5
FFE B SENS, MTTRE HIEEEAL T R . N3 A FE PR LR 5EER. AR SERR
FIEAMHSE (£ 3, P<0.05) , ULHH A S ERCEZ MG T Z0 LVER o ZMH 20N T fe IR T M
EARBEZMEH, I ERYS 67%FHE A, HA KT A HIREICCERIERS, Wi S5E58-
AR T 5 B B, FHR E R . SEM 45 IR iR S B S Al R 2 R 35 IEA G IE I T iX
—M (3, P<0.05) . N6 8 N9 ALBR{EdE | L3S0 ik, gt ERIngm 725+
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AL EAE A o-lF R RS AR RZ A AW FAL RS, S IR 72V I, GDH X&)%
K, IXFRREE 2 R A B o) T AR G TR oo R 1 A E R R 4k

ANFAEHAR RZARPR R IR R B 22 57 (P<0.05) o MIRT R0, A4 &6 5
ZHIR B AIEERESESR U, MhAh, WRANGIARIE A VER A BT R, R HLER AR
KBO, X AT REAS R1 BFH L% T R2. R3. AFEAR RAR b 3 1758 40 3 5 4 AN i g
MARZEZER (P<0.05) , FFERMNPIBEE K. HFEPI RN, SFAMee BE18n 1~2 4
IR S &, XU BRI T AR AN 4UAR 2 il R0 N T IR A MR TE 2 (0 5 BRI, B RITh
e . Wang USRS R B, SRS INAEINRAR AR (1) 7= B AR B, MR- T3-S E W AR HAE
W ag, IR E . ook, KEMFUEH, WAMGIRS IR EEE . P e, SEAH
g SRR G TR S5 2 )i 32, X L) it vT Lhod it 5 R o B AR M A S TR R . T
U, M4 NS (Strigolactones) TT AN A B AR G 37 e AE 5C 2R 38 ke 42 A L 1 (1) 97 70 28 331, TR
FHAIAR 7w Pl MRBR I AR e AN IR 0 B U AR . B AT I, BT A AR G 4R 7
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SN B 5 v AR — 8, BIREURR 7 I A R, e A REEH, X5k
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