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WE: [ B8 ] WATHI YR BEMEBAE T4 Pinus sylvestris var. mongolica AN TR S JEAL R £3E 2% (C). & (N).
BP)RESHAABIMFHERELR, AZREGRETONRET ., ETRETERBRLRIE, [FE] XANZEE
Rk, EAHLFEEIREIR 6 MRz (10, 20, 30, 40, 50 #= 60 a) 694 FAAAN TARAEABER AT, 547 &
THIRSERFFEER, R, BRAEOHANLFH IO EF AR L, [BR] THLIRETORAIHKRIIESR
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RO ZAER, SEEH, R, HAZSRAAASINFFZLP IR, BTBRAIHRIE C:N TE22E LEARN
o, LB CPEEFEBEAMNKAT R, LENP T LELROP AR T L8, EHRBETIOATHRLIE C:NHZ
BT AR FHARE, RIARMREE, HLF 60ad HAARRIRF L AR, HFOATHRFIIER . BRHNEE—ERE
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FESES: S714.2 XEkRETE: A XERS: 2095-0756(2021)05-1058-08

Ecological stoichiometric characteristics of rhizosphere and non-rhizosphere
soil of Pinus sylvestris var. mongolica plantations at different ages

CHENG Haotian', KONG Tao', LU Gang', WANG Dongli', ZHANG Lili

(1. College of Environmental Science and Engineering, Liaoning Technical University, Fuxin 123000, Liaoning, China;

2. Liaoning Institute of Sandy Land Control and Utilization, Fuxin 123000, Liaoning, China)

Abstract: [Objective] The purpose is to explore the relationship between C, N, and P contents in rhizosphere
and non-rhizosphere soil and ecological stoichiometric characteristics of Pinus sylvestris var. mongolica
plantations at different ages in sandy land of northwest Liaoning Province, so as to provide theoretical basis for
cultivation and management of P. sylvestris var. mongolica plantations in this area. [Method] Using space-
temporal exchange method, six P. sylvestris var. mongolica plantations (10, 20, 30, 40, 50 and 60 a) were
selected in Zhanggutai area to analyze the differences and influencing factors of C, N, P contents and
stoichiometric ratio between rhizosphere and non-rhizosphere soil of different stand ages. [Result] The soil of
P. sylvestris var. mongolica plantation in the sandy land of northwest Liaoning was poor, and the contents of C,

N, and P in rhizosphere soil were higher than those in non-rhizosphere soil. The root system had a significant
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effect on nutrient enrichment and balance maintenance. Stand age, rhizosphere, and their interaction had
significant effects on soil C, N, P contents and their ecological stoichiometry. Soil C:N of the P. sylvestris var.
mongolica plantation was mainly affected by total N, soil C:P was mainly affected by soil organic carbon, and
soil N:P was more affected by total N than total P. The soil C:N ratio of P. sylvestris var. mongolica plantation
at all ages was much higher than that of the national average level, which was manifested as N limitation,
especially in the 60 a over mature forest. The limitation of N and P in rhizosphere soil of P. sylvestris var.
mongolica plantation was synergistic to some extent. [Conclusion] The growth of P. sylvestris var. mongolica
at all ages is restricted by N, and non-rhizosphere soil is more deficient in N compared with rhizosphere soil. In
forest management, the difference between rhizosphere and non-rhizosphere soil should be fully considered. It
is suggested that N fertilizer and N-fixing plants should be applied and introduced to P. sylvestris var.
mongolica plantations in sandy land of northwest Liaoning to relieve N limitation, and P fertilizer should be
added to the root system. [Ch, 1 fig. 5 tab. 28 ref.]

Key words: ecological stoichiometry; rhizosphere and non-rhizosphere; soil nutrients; Pinus sylvestris var.

mongolica plantation; stand age; sandy land

¥ F-# Pinus sylvestris var. mongolica I ¥AF} Pinaceae #3J& Pinus W4 A, WHEA M | Wi+ 5
FOX T S EOROAR = AE0 RARRE, i « =db” XD XK S [ FhR A . VR R 51 R A s X, &)
JRID T 2R e 2 1) By & b X B T AN [ MR A A A7 A% Ry . SR, A 20 tE4D 90 R0 I LISk,
BT AR LZF BREREAEm, il TR T ™ HA R, I Bz
MR O EZH N F AN TR AR B, R MG 0 R A “ =467 Kb X B g s i
Vb A L B R A e RS, DR 20T AR A N TR IR [R5 . A S fkeait a2 it
KAV RGH ZHEAEITCR PENREY, S\ AOCHEFE AR LA ROTRK (C). A N). # (P) 4
BATHRERECR, RPN IIERSEH SREENNEL TR, CAURERY: ). &, BEEMY
ARMTITE, MAEHMABEMITT R TR, SEYERNER T4EUD, BEEMARERKNY
F A, MM BREMOARTN - AT 0T . RB i A7 i, o 2 Ao 9 2R A TR A X AR B 2 A
Yy AR R BT ) - S X3RSy RIS AR AR R AE K IR, AT AR A R AR SR 4, B AR PR 1
B ARPR - B AR R A 2 A AL R R IE R —P, Y AR R A A K R Y
T e T, S R IERUE Y RNE S AR S SR U PRI, R - SR T D) M S R OR A K A2
T ORI R FREE , R AR [ 8,  AF5Y HAR PR 5 AR AR PR 4 8 22 5 T B e LA U T
AT, 0D+ 5 07 T B 3228y B — AR T T S A B Rl AR IS T B —2H 53 i A2
THEFRAENY, DIARBR SIEMRPR LRI L, XA RIS A N TR PR SRR PR - 480k . A&l B
TR R AR AT B R DLARGE . APFFELL 6 DASFEIARES (10, 20, 30, 40, 50 1 60 a) FiFHA N T AN
XISy X R PR S ARAR bR 1R . AL BB B S E TR AR RS R, A b DX A R A AR
BE . AR A PR R A

1 #MHS 7%

L1 FRRRER

BEFE XL T AL T 48 U0 it B U FIWETE I 5ty (i g Al (42°39'~42°43'N, 122°23'~122°33'E), J&
] e L AR AR A X, TR =Ab 7 BRSSO SR
KEGPEFERAME, FFHRIEHA 5.5 C, 1 HFHREA-163 C, 7 HFHRIER 23.9 C; FFHRK
N 450~550 mm, HAA T 70% K ETRTE 6-8 A, AEZE LRI 1300~1 800 mm; % AR F- 44 X
R 45mesT, FBLAERILZ, Kk 5.0mes o X I FEE MR+, gL APt R
Vb AR . ACRER Y AR TR . Eh# Artemisia halo-dendron. /WHMI Salix gordejevii. Wi# Ulmus
pumila, KFAi Ulmus macrocarpa. "WAHEZEBESE Potentilla anserina, W EFRF % Cleistogenes chinensis
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KT Lespedeza daurica, %17 ¥ Arundinella anomala FI/\NFE; Artemisia frigida 55 .
12 MRAZE
121 #bgFESHRRE SN XA IS TARI TS0 A, PEHR SRS R ST b SR A A —

ity 6 SRR (10, 20, 30, 40, 50 1 60 a) Fi 44 %1 HEAER
Miﬁéﬂﬂ s J‘T%iﬁﬁiﬂfﬁiﬁﬁ?*ﬁkiﬂﬁﬁﬁi@ﬁ El Table 1 Basic information of the sample plots

M. RIS B RE R P 4 B E 3k 20 PRB WO PR PRI AR BT LI
m><20 m E"Jﬁjj‘ /—[,j_:‘jéfﬁjj‘ Wj&?ﬁ‘j‘*ﬁﬁ iET:RL*fk éﬁ% fﬁﬂ'fi\/a lgl/m ’TZ‘\/Cm fﬁmﬁ/m ﬁﬂﬁ/m (g' cm’3)
B MR SEEE, JFVERE 3 MRTEIARIE BRI A ; ;3 j;ﬁ 1;;3 jzz j';‘f i'jj
#iﬂj‘%zl—(ﬁ%ﬁﬂ% lo ﬂ: 2020 E'i 6 ﬂ X‘Hﬁ?/ﬁ**&ﬁﬂ? 3 30 9.25 16.69 4.01 4.10 1.60

5

6

FER TR EIN, YR R A 42 1Y 0~20 cm
T, APk T AR R, R
BREVERTIRAMRI L, RIGEHEERRE
1 2 mm JE R HIEAE AR PR L3, BlE A A4S, ARBR 1R . [FIET, L8R N
“S” RIRAE 0~20 cm L )2 MR RSN LIRS 5 A, IFORIE S DMELER ERSE N . AN,
FEFE MR A YIS JE B, AAEARPR LIRS . XAR PR AEARPR - e RE S A T T Ab 8, JRSIBR A
SLAEZRY), BFEE RS 0.25 mm Y R0 57 i R0
122 MZIARA T FH LIEA R A E R S R A A -, A I SR LI E
ik, TIELBEOIIE R R -SRI L R AR BRI SR AR PR A AEEAR B 45 A0 R 37 43 8 45 1)
LR, >1 WRBRIESY, <1 ARPRAZLNY .
1.3 HiESH

FIFH SPSS 22.0 /At , e, MRy . MRBRXT HERR . A, BB R B R R R
KRR ZE T 2250015 B W MRG0 R Tukey 755 A6 REUCAHL2 2807 51 5 Pearson A1 5& 7 #T
AL M A8 ; ) Excel 2017 fEEIZR .

2 HREHARH

2.1 AEMBEFRIRESIERE LIER R BERESBREESUFITEIHE

HH ¢ 2 Al MR PR S5 AR AR B 4 S8 HLAR 5T 5t 70 8070 B 43 901 6.67~12.93 F1 5.96~11.16 g-kg', HFH
BEF AR B3 I3, FEEARETRh 60 a Bk BI0GAE . MRFR 42U 2/ 805 Ry 0.23~041 g-kg',
Bt - B MRS R BG INSE TG &, 40 a T BVMRET IR IS, J5 2 FREHE . JEMRER B R 80
FH 0.11~0.36 g- kg™, SMRFEARISHE INFFLLHE K, JHIEH HHITE 60 a i BVbk, MRPR5ARMR R T 58255
A BGE B 43 3R 0.19~0.25 F110.17~0.20 g-kg™, Bl AR T4 MR IE B 184 o 2 B 1 S 1 5 BRI B A8 L
P, TE 40 a BRI IN B . A 5T XOR[RIAR IS IR AR PR 38 . L. BBt 0 808 & TAER PR 1
e, o, MRS AR BR A AT AR T i 3 08 0 3 i T ERAR PR L8 (P<<0.05); MR 448 4 U i 44K
TE 20~50 a B} $ 3 5 FAEAR PR + 48 (P<<0.05), AWM AR By + 58 4 U0 & 70 305 AR bR+ 22 5O A i
# (P>0.05); MRFR BT 5 10~50 a BF SRR PR 13825 5 2 (P<<0.05). OB 2 7 25007
AL (3R 3): MREE . RBRLA K E Z 22 BEAEA, ¥ B3Rk . A BT o FOh A 0 2 Y
(P<<0.01).

FEF AN TMAR PR 148 C:N. C:P, AEMRBR L3 C:P Py Bl ARIE 934 I e B 5 7, JEAR b - 4
C:N BEMRES1E I 2 e b J5 AR R AR bR 3 . AR PR S5 3R MR PR 158 NP BARIS (G nde 2 Lot R 7
AN THARPR S IEMR bR £ 1R . & SRS 2 B KN RAEA RIS A 22 5. iPr5aE
HRFR + 48 C:N 43514 24.81~35.60. 31.12~59.48, PR 5AEMPR 11 C:P 4354 33.09~65.26, 32.12~
58.46, TEEMREFIAISY 10~40 a B, AEARPRA-4E C:N. C:P ¥y TR+, H AP 3% C:N S5#PrR
TR R EZER (P<0.05), 50~60 afif, MRFr+E C:N. C:P¥m TIEMIR, (HAFAELREER
(P>0.05), HPRS5AEMER 1 NP 2350 1.20~1.92, 0.65~1.88, HIFE 1 N:P A& TAEM PR, HE

50 11.01  19.61 4.59 4.72 1.60
60 13.04 20.59 4.62 4.92 1.62




5 38 B 5 BRI AFEMEE TN TMAR PR 5 AR PR 134 B b 2= T Rk 1061
F2 BFHRRESERBFRLIER B BRESUREESUFEITELL
Table2 Content of C, N, P in rhizosphere and non-rhizosphere soil of P. sylvestris var. mongolica and its ecological stoichiometric ratio
Mika  HIESEE HHUR(g ke ) 2E /(g kg™ 2Wil(g kg™ C:N C:P N:P
Gitdon 6.67+0.28 Ad 0.23+0.02 Ac 0.19+0.01 Ae 29.13+2.19 Bb 35.07£0.08 Ad  1.23+0.10 Ad
10 JERRER 5.96+0.08 Be 0.11+0.09 Ad 0.17+0.01 Be 59.48+22.34 Aa  35.63£0.09 Ae  0.65+0.53 Bd
HBR 7.16£0.26 Ac 0.26+0.01 Ac 0.22+0.01 Ac 27.5540.60 Bbc  33.09+0.14 Ae  1.20+0.03 Ad
20 LR 5.96+0.33 Be 0.174£0.01 Bcd  0.19+0.01 Bd 35.06+0.13 Ab 32.12+1.27 A 0.92+0.04 Bed
HRFR 9.89£0.04 Ab  0.36£0.03 Ab 0.24+0.01 Aa 27.59+2.19 Bbc  41.21+0.14Bc  1.50+0.11 Ac
30 AR PR 8.85+0.29 Bc 0.26+0.01 Bb 0.20+0.01 Bab  34.04+0.20 Ab 44.24+1.04 Ac 1.30+0.04 Bbc
HRBR 10.17+0.12 Ab 0.41£0.01 Aa 0.25+0.02 Aa 24.81+0.56 Bc 41134022 Ac  1.66+0.03 Ab
0 JERRER 8.31+0.16 Bd 0.24+0.01 Bbc  0.20+0.01 Ba 34.65+0.78 Ab 41.18+1.16 Ad  1.19+0.06 Bbc
HBR 12.79+0.22 Aa 0.36+0.02 Ab 0.23+0.01 Ab 35.60£1.92 Aa 56.73£0.37 Ab  1.60+0.08 Abc
%0 JEARPR 10.73+0.24 Bb 0.30+£0.02 Bab  0.20+0.01 Bb 35.84+1.59 Ab 54.64£0.72Bb  1.53+0.09 Aab
HRFR 12.93+0.33 Aa 0.38+0.01 Aab  020+0.0 1 Ad  34.04+0.81 Aa 6526£1.03 Aa  1.92+0.02 Aa
60 LR PR 11.16£0.15 Ba 0.36+0.03 Aa 0.19+0.01 Ac 31.12+2.18 Ab 58.46+0.26 Ba  1.88+0.12 Aa
B . ARIKRG T LR R — IR TE A R e 6] 22 57 B35 (P<0.05), AE/INE P 30R [F]— e RITE AR RIAR A 18] 25 53 1 3%
(P<0.05)
*3 1EBR A BRESBREESUFEITELAEST
Table 3 Soil C, N, P content and its ecological stoichiometric ratio variance analysis
Bzt d
H LK 2R ExX C:N C:P N:P
MR (A) 1310.94%* 81.92%* 299.20%* 4,05%* 1 603.44%* 76.69%*
HPR®B) 680.28%* 180.92%* 1 220.84%* 15.23%* 23.10%* 70.28%*
ABZHAEH 15.53%* 9.09%* 46.38%* 4.71%* 32.26%* 7.39%*
PEAH . KR B (P<<0.05), * KRk B35 (P<0.01)
10~40 a B 22 5 i 2 (P<<0.05). 25 ¢

2.2 AREMREEETH T 5 & R R

wmE 1 R RIEA VLR . 2. SRR
MAESIR T 1, RIEROY, FHorh R BR o B 5 K )
A . BTSN TMA HLER . AR PR
(B BERRUS 38 IR R S e TR a3, ¥I7E 40 a it
BORE IR B . 4 AR PR (L Bl Ao 3 o 22 2R
AR S TR AR A AR (R, 7 40 a BRI
K, 7E 60 a it BB REARE B/ ME . Sk BF/, +
AL . 2R . SWETE 40 aill PRI R R0V Fe
1, 60 a o BB AR PRAj fefik, +IEREZRFR
RN PR FE R e K o
23 tEHR A BRESBREESUFEITEERZ
B8] B #E X

L OB A W e

SRS AR

RE

10 20 30 40 50 60
i /a
ANRIKREFREFRORE — MRl L. 2. BEHR bR RE 2 )
FEAERE (P<0.05), AFE/NGFREOR BB, K. BHRE
SUSABELAE AN [F) bR 1) 22 57 8 % (P<<0.05)
B 1 RERBAETFD LS R BRIR AL
Figure 1 Soil C, N, P rhizosphere effect values of P. sylvestris var.

mongolica with different stand ages

WM 4 fron . HEEAPBNT 3 C:NL RIS 1 C: P s E R (R WKT 0.08, +HAH
LB . 2R RAEDeE 3 C:N. C:P Z21LIY 7% (R*=0.07). 1%(R*=0.01), fiFARREEAR, FAEBUR
2. BRESANLEYS 3 C:N, RSk S 18 C:P Z M SC AR B34 (P>0.05), AL
W, A AT MYAETEN B B A 6t (P<<0.01). MOR[R 3K B f BEAY T, 138 5 AT ARBR
J4Ed, C:P 5 C:N. N:P AR E (P<<0.01), C:N 5 N:P Z[HJC A% (P>0.05), LR
B NP 4355 C:N. C:P MMM R (P<<0.01), C:N 5 C:P ZHAHHEAEZE (P>0.05),
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Table 4 Soil C, N, P content and its ecological stoichiometric ratio

correlation

x5 MERESUFITRLLEER K RFIERER

EBUFITELEHEXKER

Table 5 Correlation between rhizosphere ecological stoichiometric

ratio and non-rhizosphere ecological stoichiometric ratio

RZ

HRBR 1 ARAR PR 1

I WiH
A ML Eea) e C:N C:P  N:P C:N C:P N:P
C:N 0.07 (0.13) 0.45 (<0.01) C:N 1 1
C:P 0.84 (<<0.01) 0.01 (0.71) C:P 077 1 -0.38 1
N:P 0.99 (<0.01) 0.21 (<0.01) N:P 032 0.85%* 1 —0.78%*  (.85%* 1

YL REMPUERE, (EMORRREEORRE . 55 N PE,

P PR BEMEP<0.05), Ak BEMHIEP<<0.01)

P<0.05F/RBFEME, P<0.01FK7-W BEHHE

3 #tik

TR, A BEAEYERPOLTRICER . AT, SMIBE 7N TR R 5 R bR 4 586k |
A BB (922, 0.29, 0.20 g-kg ™) HEAR T4 EEHKF (11,12, 1.06, 0.65 g-kg Y7,
M 4 5 2 IR B A SR i bR, WFSEIX 3k . A BEBTE AU I 4 G (=), 6 P (Bt
Z) M5 9 AREL =) RAS, A ULZHLIX 1R . A, BN TR o PRI FT LU AR ) %) A BHLAE SRR
MATEER R 2 I AR, MRS . RPRLA K R Z RIS EAER, X R . AL BT 5y
HAREZW . WEEFIARES M EERE , ARBR SRR PR 33847 ML 5T 12 0 550380 B AR 1 185 TS 7 42
o, TG 0 S R R B PRI G N, MRORAS R I 2B IR, TR ) o e A R A DL BR AN T 1
Z, W RN, TR SR EREMIE IR, 40 a JFAFTREIR. R HETE TP TR
TE 10~30 a BF AL T4 AT i Ak, A K EBX LA . BREFERZ, Mkt 2R 28, X+
BEFR R IR AN, B, RIEA. SRR BOREXT AR . 40 a FEFAMEIE AU, HAK AT E
ThRE, WA BREFEREC, B AR TR 2 B R N T SR faR IS, R . R
SRR . 50 a BUAVRE , RE AN TR A X IR ALRY, B GRE Z, RIERUE YIS R,
FEAGTE D AL PIRA . B RCRM I Z B, W, R RMA . BRI T A RN
FE, IR SRR EIT R,

MARBR 5 AR BR A0 1 BE AT 5081, ASRIARESR FAMRPR A Pk . &%/ & E S8 m Tk
PR, RIMMRPRERN, HEHEAETRRAEG AT H8A . 28 . 280 R, AR5 .
I %) KR B FTAR 3% B2 240 M J2 52 M AR B A AL i B 22 R 2R Y LA U W S R AVE R R B 3% 0 1 PR 0L
i, JARPR R T R A, R FEUR R A VLR S TAER PR LR s e M R . R M+
R F R HAEM R AR IR IAP . AR RN BRI AT DS A 3R I8 57 3 o, SR
FTE DY, A 3 2k AR R AR A R T 2 B oA, PEHARPR AR A . B E L, WA, B E
ERRER R, RIMWIRIERN . AR, 2R . SRR ITE 40 a BF A B, R HFE
T 40 a BRE TN TAREAIT B, IR R FPRARXS A, AR % i 2 X350 iR iR B, AR JR 4%
AR AR B KA VU AEAR PR R 4, MRPRRONAERFZE T R . 60 a iE BRET, FEFFAR R
Wik, AR RAE RS FRIET, MUY ISR B RCR TR, R ERSON HiE— 2
R

AW, MRS ARPRUA R —F Z B BEAER, X3k . A, B S st E e B A B
M, +HEC:NBIA R Z R H IR R TR bnak, WIFE—E R LR /R 7% 4 5 AR R R T + 15
k. AOF RPN, AR S MR R SRR PR 0 C:N A E 3 T4 (11.90) Fi4 ek
(13.33)5) Hesg REOTH . A YLK X 138 C:N # BR (R7=0.07) Ik T HIE 2 A (R*=0.45), +1#
C:N FZZ 3| AN, B, 7TRAERTRE PN TR AR AR PR 5 AR AR PR 1 45835 52 2 Z PR 1
Hrr, 60 a it BRI PR S IEMRFR 3 C:N ek, BEWRE XM B2 ARG B ™8, +1 C:P AEXT+
B n A R EA TR AR RS, I8 AT DU RS AR R A LSRR [ R (0 B A
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Fi 60 a i BOMRAR bR - HESL, 2% AR 18 C:P HK T 2 E KT (61.000%, 60 a i bk AR Br 1 1
C:P & FAEFHIKF, RideE RS EN . HIESEE C:P MM REREMK (R*=0.01), FAFFRK
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PrS5 AR MR bR 1458 NP SHIKF 4 E K (5.200%, RN, + 884 %00 5 NP I BR (R7=0.99) ELit
A (RP=0.21), RUMX T8, ZREEZNREINT, WAERIESERE R KO R R4z
RMIRE . SHIFEE, MARBR . AR PRA S5t & oA G E A5 Rk B, MRBR 13 C:N 5 C:P 4
KRREW D ZE, MAMRPR L C:N 5 C:P XA ANEE, HIEASS T HnT Dl i + 3857 500
RBR ST, AL REH . HETIERER L, REEEA . SR EA RN, &P E—57n
RE A1 55 5 e 55— PR ) & A

4 Hi

ILPGIL VD AR AN N TAR RIS 300, B LA LR . 2R . SBEFR 8 & TAERER 1
HE, MRAXIIRWE G EEEAER U W MRS . MRBRLL R A Z A S B X e . AL B
BB R . WESATHRAME DT, SEAE AR A TR PR S ARARPR - R BN AR
i, A, 60 a i KIS GRS E iR AN . MELTARMR PR 118, MRPR e BEERHIHA PR AR
B MRPREAL — 3 Z MRS AR e mk . AR B AR R A R . A B
i et 3 O HAE AR T R A A TR R AT R AN TR 1 C:N R 2 A2 3 H IR
M, HIEARREXT I CP R 2, +4E C:P FEZ HIEA VRN, +3E NP Z LR
AN R NG e 5123 D8 o ey A ER Y A e e g - v e ey S 90 B0 BRI A5 i e VAN B N
T ZRE . SIA R ZRE Y LR 2R, IR0 AR PR e BRI B AT Bl R P A 45 U I D SE AT
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