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JEARBR LI AN LA SR AR PRRN 5  A
FrEst, BRASIEBHIAS ( Pinus elliottii Engelmann. )
NTHRIBFFE R B, ZEMRA (50 kg N-ha™-yr")
MR (100 kg N-ha™yr") REABRMMAKET,
RPr R C. N, P& & THER bR 2150,
SRR A . BB m RS 150 NOs™-N
S, BEACTP &, 10 SOC. TN A NH,-N &
P RHIERERAES, KA (30 kg N-ha™yr™")
AP T A (90 kg N-ha™'-yr™) AbFEAIE
X T HEM B 1.3 SOC. TN. NH4*-N Fil NO;™-N
HaEl, ERAEMR A, KA (100 kg
N-ha™-yr") &b BT, 28R Fr £ 5 TN 1
TP & U9, SRS I T AR AR PR AR AR R 4
HESOC, TNEZ®EMN:P, C:P, FIK TP &
w0, HET, XFRBMSRERFEHERRPR 35757
S, ARPRENT KXt CL Ny P A
THE A2 U B S AAAEAR R A 2538, X AT RE
HAFBAEA G, Wit S RGBT A
ANEAAEAEL PSR . AR, H DS T ZRMAR BRak
I o R AR B e 7 R 1 S G ) I S e A 2 5
HEFARHEIFAEE,

1 4t 7% b ¥ ( Larix principis-rupprechtii
Mayr. ) L L ER L H N T AR FZEMFh, HA
it FETR SRR, SR R A AR ol e b DX sk
P A EZAEN . AT LA E g HL X ) A
B |30 AN WP S U 2 el A =R I
SRS, ArHT A I AR PR A AR PR 4 R o AR
PRGN B SE M, AT Sk py Ia) . 1) At
T A N TR B AT EAR s 187 43 X6 20 o o

SERAAEEE, BERZD; 2) RBINER2E
WA E SR CER KA, Wi ECOLE IR XE
Py A BRI

1 MRET®

iR

Wb AR T Y B AR (116°32~
118°1' E, 41°35'~42°40' N), Hbib K 24220144
k. NS R A Ll A Bk AT A TR L i b
X, VIR . ARk, ik 750~2 067 m,
HLIX R TR T R AT P X, KT
P, HRToEk, HAKEKE, FHRK 445 mm,
MR 33 C, WHFEM, 1AFHARRE
-13.2 C, Pomift<iR-42.9 C, 7 AFHRIR
20.7 °C, WKZHENET. 8 A, TIEm 8y
. Wb KGR BAAE,

1.2 Hhig B AR %

2019 4= 8 A IFR, #EA 2= [ A Mg o g
O3, LIAEILTE MRS N T80 S A TR 5
ML T AL, IFRAMZ R 15°, HHERAL.
Pt Y YUEAET AR, Wik 2 a, BUIEARER
30 a, MRHEFELEE L 109, g B] A
WF5T I T E R o A0 R FH B AL X L 13 i 7
2, TPRARFRK T ER IS, el me—
FHITBEE 28 20 m x 20 m (REHE, AHARAEHD
[EFE 10 m, BIFT 74K, BAKFE 440 E
2, BAEEA—AN/DNX, BN 7 AKFRE
ININMEEBBELHES . A7 1 T Rk s 1243
XA R ITREE 2, A B2 X AR R DT 5

1.1

F 1 FHRMEMAREHE ( FHE £ mER)
Table 1 Background data of nitrogen added sample plots (average value * standard error)
£/ 91} % HJEI(FR-ha™) 4z W FeL
N addition/(kg N-ha™"-yr™) Density DBH/cm Tree height/m Crown width/m

0 1631.25 £ 79.30a 11.86 + 0.78a 8.62 £ 0.44a 1.49 £ 0.05a
5 1543.75 £ 173.62a 12.30 £ 0.80a 8.73 +£0.28a 1.66 + 0.09a
10 1456.25 £ 119.62a 12.67 £ 0.43a 9.19£0.18a 1.50 + 0.04a
20 1493.75 + 156.25a 12.15 +0.63a 9.27 £ 0.16a 1.49 £ 0.07a
40 1425.00 £ 90.71a 12.84 £ 0.38a 9.56 £ 0.18a 1.58 + 0.08a
80 1362.50 + 33.07a 12.68 £ 0.24a 9.29 £ 0.16a 1.53 £ 0.04a
160 1518.75 + 141.56a 12.40 £ 0.44a 9.41 +0.36a 1.50 + 0.08a

i F—A R EREARRIR R AR AR IR PR A B3 %ER (p <0.05)
Note: Different letters in the same column indicate significant differences among different nitrogen addition gradients (p < 0.05)
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7 5.03 kg N ha™ yr!, Fr 88% Pl T4E
K75 H—10 H . MRIEZH IX R DT AE (H,
ARG E 7 A A R AN 4r5h 0, 5.
10, 20, 40. 80. 160 kg N-ha™-yr", HHP AR
it A 0 kg N-ha™-yr" (Xt RE4l (CK) o e
K2 (5—10 H), FAMAE—K, iEinfh3sh iR
o AL AR AR R T R R T 40 LK, 3
SIWET T REHb X BE AR b BT A K . BRIR
3G A 2 F 1 mm B, 6 - R JC I B
A

T 2021 4 8 H h A RIS N TR
ProfndE MR b 48, FERE M R AT R 2 14 (0~
10 cm ) HURE . BURE 77 R O BORE RN IR i
WA 1 mx1m, RABEE", BiZH i
S5HYRERSE, BRREMIES), HEREER
Z IR < 2 mm, BHER 55545
T HERARMRER R, KREVEIMIEER R - (R
<2mm) B ERET SRR 5, ARBRA
MR R A HURE 28 4>, 3L 56 MEE. T I
FEfhat 2 mm S WGy — 0y HARKUE BT A
BT, W ESCEE T 44 SOC, TN &l
E, B—ET AT 4 CIKFERA T L1
ToMUA S B il .
1.3 WEFE

T4k (C) . A (N) Fih (P) ZUNEW+
HEFR PO H P S A (NH-N) | S A
(NO3™-N) . ARLA (AN) Fif &t (AP) 7J LA
EULS e -3 N P 3R HE TR R, H
SZFHMEAS AR, I AW 55501
W52 1 48 b AL 35 A Plik ( SOC) . B A
(TN). M®% (TP). NH,N. NOs-N. AN. AP,
+ 4 SOC R FH E 4K R S Lk e, 48 TN R
M4 AalE /A e, 1458 TP >k NaOH /%
A-AAEE P A EIRE . 14 NH,*-N 1 NO3™-N %
2 mol-L™" KCI R 2L . 145 AN 4 S A
AR BEZ M, 15 AP R 0.5 mol-L™" ik
i S AN S-SR B BT L R 22 .
1.4 HIESH

K H Excel 2019 A X I &2 £ f kA 7 i s Ak
i iz ] SpSS 26.0 Geit st ik Aok HHL R 7
243 ( ONE-WAY ANOVA ) XA [E & 7 sk 7
KRR sy . AR . st ARBREN

HEAT LSD /25 5 W M b, SR ST AR AR
T AR50 EA T AR R 5 AR AR B B) 28 5% 50 1 25 20 AT
iz FH Origin 2022 X AR PR AHEAR bR - 8437 70 45 21
IR, BARHIREFEE . AR R
PR, bR IR SR, IR B
(p<0.05); MBRFUY (R/INR) MHRPRFEIT & &
(R) HEMPRF & H (NR)

2 HER50H

21 @HEmxElENRRESIERRLESE
FORIRNE

211 HRELHERFRLIELAST RIS TH T
RO it A2 L 95 A AR B 5 R AR B £ 38 SOC.
TN, TP B2 anEl 1 fos.

TER AL BN, AR B £ 5 SOC % & 7
85.56~119.40 g-kg™" JEFI N, KEH Z A K1)
B, MRPr4YE SOC FA Mk, A
7 80, 160 kg N-ha™"-yr' i}, 55X} R4 A B 1
Z5 (p<0.05); dEHFR 458 SOC & & fl 7
62.53~68.50 g-kg™" yu Bl N, Bl AU I AKSF Y
Hom, SOC &b AN . FERARIMGET,
HRPr 3 SOC & &34 TAEMR R L3, FREm
0 10, 40 kg N-ha™-yr" 41, HRBRAHEMR PR+
5 SOC Fradfrre 2R (p<0.05) .

AWM T, PR TN & & 7
2.52~3.64 g-kg™ JEFEI N, Rl E EES NS B 3
L, TN S A, Atk 80, 160 kg
N-ha™yr'if, SXTHBAHFEREEES (p<
0.05); AEMPR+1E TN & 2 7E 2.06~2.26 g-kg™
WA, FEEZBRIACERR I, TN a2 0A
BE (p<0.05) . EERBMAET, WPt
TN S &3 E TIERPR 3, BRESIE N 10 kg
N-ha™-yr" Ab, MRERFIIERER 1 TN &R 7 7
WEMEER (p<0.05) .

ERB M T, WEr % TP & & 7F
0.49~0.61 g-kg™ JEFE N, Rl ZGS AR B 3
m, TP &R AEE (p<0.05); MR
TP & E7F 0.42~0.56 g-kg™' LI, K Z AN
ACERIBEI, TP & Rk, RikF|EEK
F (p<0.05) . WPrtHE TP & Elm FAER PR
4, XTHRARPRFAER bR L3 TP & A7 /e 3%
Z5 (p<0.05), HERBMKET, Wir59E
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AARBRRIZEAR R ABNAKF T w25 0% (p<0.05)
Notes: Organic carbon (a), total nitrogen (b), total phosphorus (c); Different uppercase letters indicated significant differences in total nutrients
between rhizosphere and non-rhizosphere under the same nitrogen addition gradient, while different lowercase letters indicated significant
differences in total nutrients between rhizosphere and non-rhizosphere under different nitrogen addition gradients (p < 0.05)

B 1 AEEFMAETELEHRRESIERFELESERSEENTL
Changes in total nutrient content in rhizosphere and non rhizosphere soils of North China larch under
different nitrogen addition gradients
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Fig. 1
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212 EHEAFHRGRTHE B
TE IR PR 5 AR bR 14 SOC. TN, TP (AR PR
BN RE WA AN & 2 s o TEAW AT, 4
SOC i R/INR 7£ 1.23~1.87 JuFEl N, Bt AN
KRy, +3 SOC i RINR A ha®, &
WM 5 kg N-ha™-yr' i, 5 xF B4 A &1k

Z5 (p<005; -4 TN RNRZE 1.18~
1.69 705 [l N, Bl % Z W K SF B8 4 4
TN 7 RINR 563 5 Bk, iR
5. 80 kg N-ha™-yr" B, S5xf 4 AH B EHER
(p<0.05); +4 TP RINRTE 1.08~1.44 {i
Bl , BEE RIS m, 3 TP Y
R/INR %A . 3#7%4k (p<0.05) .
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Notes: Organic carbon (a), total nitrogen (b), total phosphorus (c); Different lowercase letters indicated significant differences in rhizosphere
effects of total nutrients under different nitrogen addition gradients (p < 0.05)
B2 AERFMAKFETEILFZEIR T ES SRR
Fig. 2 Rhizosphere effects of total nutrients in North China larch soil under different nitrogen addition gradients

2.2 FHMITEIEHFRIRFRSIERR LR B 10 kg N-ha-yr " I, 5%F B M2 5

FE o WIS (p <0.05); JEHFR 43 NH, N & 2 30 B 75
221 ARFRBAEMRIFELIEZE A SRS ST T 7.80~8.66 mg-kg™ JLIE N, FfE RGN A3

VR AT AL 75 AR B 5 FE AR BR 1398 NH,*-N
NO;-N. AN. AP FUS2IANE 3 iR .

ERB AT, MRER+ 5 NHS-N & 2 7E
12.11~16.24 mg-kg™ JEFEIHN, BEE RIS MAF-H
B, NH,-N &5 5 SRR B sy, &vsin

IEHE BFEE (p<0.05) , FERABMLET,
FRER 145 NH,*-N &34 5 TAER bR 458, RPN
FEARPR 1 NH, N S B2 5% (p<0.05) .

ERBIMAH T, s+ NO;™-N & & 7F
46.45~92.83 mg-kg™ JEFEIP, BEE ZA MK
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Notes: Ammonium nitrogen (a), nitrate nitrogen (b), available nitrogen (c), available phosphorus (d); Different uppercase letters indicated
significant differences in available nutrients between rhizosphere and non-rhizosphere under the same nitrogen addition gradient, while different
lowercase letters indicated significant differences in available nutrients between rhizosphere and non-rhizosphere under different nitrogen addition

gradients (p < 0.05)

B 3 ARRFMAETEIEHRIRESIERETIEESSFE S S=EMNEL
Fig. 3 Changes in available nutrient content in rhizosphere and non rhizosphere soils of North China larch
under different nitrogen addition gradients

i, NOz™-N &R B ks, JiRneEh
80. 160 kg N-ha™'-yr™" A, 5%t 841778 k& 1k
#Z5 (p<0.05); JEMPREIER NOs™-N F & 7E
46.45~92.83 mg-kg™ VU, BEEEB K
Hon 2 SRR E R g, /R 160 kg
N-ha yr' i), SXTHIRAAFAEREEES (p<
0.05) . AT, P11 NO;™-N & i
i FARMR PR 3%, BRES Nk 40 kg N-ha™"-yr™”
Gh, WRBRFIAEMRPR 320 NOs™-N S e %
P25 (p<0.05)

ERB MR T, WP+ AN S 27
61.11~107.97 mg-kg™ JEFEIN, BEEZRIMAKF
PRGN, ARBR L HE AN &R B ntas, &R
hniE 80, 160 kg N-ha™-yr™' i}, 5%f B4 FETE
BEMEZES (p<0.05); JEMPR LI AN 7 55
£ 39.32~58.41 mg-kg™ JEFEN, BEE R IB K

S AR ERS S RO S Sy T e O
(p<0.05) ., FERRMAIET, HPr1E AN 5
o FAEMR bR L BR A B & b 40 kg
N-ha™-yr" 4b, MREFFFERER 158 AN &2 177
BEMNZESR (p<0.05) .
ERBIMA T, RPr L AP &7
8.61~15.46 mg-kg™ YL, BEHE ZIRMAKFH)
Hm, PR AP S A, Al
5. 80. 160 kg N-ha™"-yr" i}, 5} MLHAETE B3
P25 (p<0.05); JEMRFRE1E AP & &7F 6.25~
9.65 mg-kg™ YEIEIN, BfA E A K- 14 i i
BT, ZRmE N5, 10, 20 kg N-ha™"-yr™
B, SXTRAfFED EHER (p<0.05) . A
WINALFER , PR 3 AP & &5 TAEAR B 33
AT H 0, 40 kg N-ha™-yr™" 4h, MRErFIFE
PR 13 AP S A fE 2R (p<0.05) .
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T AR (a), MEA

(b), AHA (o), AR (d); ARVNGFHERRARRBIMAKFE T EAGRRPRN 2252 2% (p <0.05)

Notes: Ammonium nitrogen (a), nitrate nitrogen (b), available nitrogen (c), available phosphorus (d); Different lowercase letters indicated that the
rhizosphere effects of available nutrients were significantly different under different nitrogen addition gradients (p < 0.05)

E 4 AREEFMAKFETEIEMRTIERYFE S HIRERRUE
Fig. 4 Rhizosphere effects of available nutrients in North China larch soil
under different nitrogen addition gradients

AS[R)A E  EAS IAL B R 143 NH,*-N, NO3 -
N. AN, AP ¥J7FFEMRPRECN . 76 R A MALHE T,
43 NH,*-N % RINR 7E 1.46~1.95 JE RN, Bl
RIS BI3E T, 43 NH,-N ) R/INR 56 0%
I3 nkass, ZisnE A 10 kg N-ha™"-yr" i},
EXTRAFTERENEZER (p<0.05); 14 NO;™-
N 7 R/INR 7E 1.16~1.91 JL I, BlE &Gk
SERREN, 13 NO3™-N Y RINR 2B SeHE N f5 [
%y, AN 5 kg N-ha™-yr ' i, 5XF
HAEREMEZSR (p<005; -8 ANK
R/INRTE 1.27~2.51 JE[ElN, FE BRI 11
Jin, 3% AN A9 R/NR S5 N5 AR ka s, /iR
Jnith 5 kg N-ha™-yr " it , 5%t B4 727 B 25
%% (p<0.05); +H AP 1 R/NR 7£ 0.90~1.99
W, BEE RGBS MK, 5 AP K

R/NR R 1INk %, BRAWINE N 10, 40 kg
N-ha™yr &k, HoA &3 K SE R L5 AP Y
RINR ¥ 5% BAIfFE B 5255 (p<0.05) .
2.3 @AmxEleEMRRESIERR L EES
A= ng={: oA
231 MHRERLIERFRIEFR ;LTI TR
RE T A IE kb AR B 5 JE AR bR 1€ C : N,
C:P. N:P {5 fimn.
TERGIMALEL R, MRFR 1 C : N 7F 26.99~
3413VE N, FEMFR 4R C: N7E 30.01~
32.05 VN, BfE R IN/KER R, MR+
. dEMRBR A4 C « N WA B EAME, HARPRSIE
MRPREI+3E C - N T %25 (p<0.05) .
TERBIALEE T, R+ C : P ¥F 149.79~
254.90 Ju[EI N, Bl ZIBS MK R3E I, ks +
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Nitrogen addition/(kg N-ha="-yr )
H: C:N(a), C:P (b), N:P (c); RAKEFHL/RF—FERMAKT TR GIERIRFFFESAF T ERBE, ARVNEFRE0R
HRBRIE] . AEARBREEA R Z R T L3570 A=t e 225 8% (p <0.05)
Notes: C : N (a), C: P (b), N : P (c); Different uppercase letters indicated significant differences in nutrient ecological stoichiometry between
rhizosphere and non-rhizosphere under the same nitrogen addition gradient, while different lowercase letters indicated significant differences in

0 5 10 20 40 80 160 0 5

soil nutrient ecological stoichiometry between rhizosphere and non-rhizosphere under different nitrogen addition gradients (p < 0.05)
B 5 ARRARMAETEIEHRIRR SRR T ERS U EITENTL
Fig. 5 Changes in nutrient stoichiometry in rhizosphere and non rhizosphere soils of
North China larch under different nitrogen addition gradients

e C: P EAHMEREAUES, Kik3 R EKP
(p<005; EMWPE LI C:PIE 125.26~
171.98 JuFI N, Bl ZAS INAKSF- (38 0 2 B AR
o, WA RE (p<0.05) . EABRMLHET,
Whr+3E C: PR TIEMRPr L5, RBMEN
80 F1 160 kg N-ha™"-yr™" i}, HRPr5IEMR Rt 1 HE
C:PAAERENEER (p<0.05) .
ERBIGEHT, MR+ N: PE 4.68~
6.55 JEIFEN, BEA K-, N: P #{kE
B, RiAF W EKFE (p<0.05); JEHER
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Fig. 6 Rhizosphere effects of soil nutrient stoichiometry in North China larch plantation
under different nitrogen addition gradients
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Effects of Nitrogen Addition on Soil Nutrients in the
Rhizosphere and non Rhizosphere of Larix principis-
rupprechtii Plantation

LI Ru-zhen', LI Wen', YANG Liu", LU Jin-ping?, MA Jiao-jiao?, XU Zhong-qi', JIA Yan-long'

(1. College of Forestry, Hebei Agricultural University, Baoding 071000, Hebei, China; 2. Mulanweichang National Forestry
Administration of Hebei Province, Weichang 068450, Hebei, China)

Abstract: [Objective] Atmospheric nitrogen deposition has an important effect on forest rhizosphere and
non-rhizosphere soil nutrients. North China is one of the regions with high nitrogen deposition in China.
However, the threshold value of nitrogen deposition on forest soil nutrients in this region and whether it
causes other nutrient limitations are still unclear. [Method] Based on Larix principis-rupprechtii plantation
in a state-owned forest in Mulan Forestry, Hebei Province, China, the differential effects of nitrogen addi-
tion on rhizosphere and non-rhizosphere soils in terms of total nutrients, fast-acting nutrients and their eco-
logical stoichiometry were analyzed through a multi-gradient nitrogen addition experiment. [Result] The
results showed that: 1) The contents of organic carbon (SOC), total nitrogen (TN), nitrate nitrogen (NO5;™-N)
and available nitrogen (AN) in rhizosphere soil increased with the nitrogen addition level. The highest value
was reached when the nitrogen addition was 80 kg N-ha-1-yr-1, which increased by 39.55%, 36.27%,
56.69% and 44.02% compared with the control group. 2) In non-rhizosphere soil, NO;™-N reached its max-
imum when nitrogen addition was 160 kg N-ha™-yr™!, which showed a significant difference from the con-
trol group. There were no significant differences in SOC, TN, TP contents under different nitrogen addition
levels. 3) With the increase of nitrogen addition level, C : P and N : P in rhizosphere soil showed an in-
creasing trend, while C : P and N : P in non-rhizosphere soil showed a decreasing trend. 4) Compared
with the control group, the rhizosphere effects of SOC, TN, NO;™-N, AN, AP, C : P, N : P showed an in-
creasing trend after nitrogen addition. [Conclusion] This study shows that nitrogen addition can enhance
the rhizosphere effect and increase the contents of SOC, TN, NO5;™-N and AN in rhizosphere soil of Larix
principis-rupprechtii plantation and the threshold values are all at 80 kg N-ha™-yr™". In addition, nitrogen
addition will change the soil phosphorus element balance, and the growth of Larix principis-rupprechtii
plantation may face soil phosphorus restriction in the future. This study can provide theoretical and scientif-
ic basis for nutrient regulation of Larix principis-rupprechtii plantation under atmospheric nitrogen depos-
ition or fertilization measures.

Keywords: nitrogen addition; soil nutrients; stoichiometry; rhizosphere effects; Larix principis-rupprechtii
plantation
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