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Concentrations of different nitrogen forms in gaps of natural Pinus koraiensis mixed forest
in Xiao Xing’ anling Mountains. JIANG Yi', CHEN Li-xin'**, DUAN Wen-biao', BU Fan',
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Qigihar 164800, Heilongjiang, China; *Guilin University of Technology, Guilin 541004 , Guan-
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Abstract: The concentrations of different nitrogen ( N) forms in soil (ammonium N (NH,*-N) ,
nitrate N (NO, -N) , total soluble N (TSN) , soluble organic nitrogen N (SON) , microbial bio-
mass N (MBN) and total N (TN) ) were investigated under gaps with different sizes in three Ko-
rean pine ( Pinus koraiensis) mixed forests (i. e. , Tilia-Korean pine mixed forest, spruce-fir-Ko-
rean pine mixed forest, and birch-Korean pine mixed forest) in Xiao Xing’ anling Mountains.
The results showed that organic N was the dominant form of TN, accounting for more than 98% of
TN. Concentration of NO,; -N was higher than that of NH,"-N, and SON concentration were
higher than NH,"-N and NO, -N. Concentrations of NH,*-N, NO, -N, SON and MBN showed
significant differences between large and small forest gaps and between forest gaps and closed for-
ests. Especially, MBN was in the order of closed forests > small gap > medium gap > large gap),
showing a significant negative correlation with gap size. NO, -N/TN and MBN/TN decreased
with the increase of gap size in the three forests. NH,"-N/TN, TSN/TN and SON/TN decreased
with the increase of gap size in the Tilia-Korean pine mixed forest gaps and spruce-fir-Korean
pine mixed forest gaps, but increased with the increase of gap size in the birch-Korean pine
mixed forest gaps. Significant correlations were observed between TSN and SON in forest gaps
and closed forests. NH,"-N was significantly correlated with NO, -N and MBN in forest gaps,
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but such relationships were not found in the closed forests.

Key words: forest gap; closed forest; ammonium nitrogen ; nitrate nitrogen; soluble organic ni-

trogen ; microbial biomass nitrogen.

ARBE BRAR T R KA AR BE T KA T FH AR
K H AR BRI T S ARAR P 2 (ke Rk, T 245 §:34
B B S Rl AL T 1T T B0 FR e )2 A i 2 1k
23 B i 42 ( Watt, 1974 ; Runkle, 1981) , Xf T4k
BRI, H FE NS BB AR RN
BT 3 I AR ARBR I RETE P BRI MR B
I (Kern et al. ,2013) S Ak B Ay 550 10 FR (88 4 35,
2013;0tto et al. ,2013) , ANEMBRK/NTE SEEH
SR S AE X R B AE R ) A8 4k ( Kern & Duan,
2013 ) %7 T, KEARBR N 38R o A R TE AR X g

ARBR R i 2 AR B 0 PRS2ty RO
(DG HE IR D 987K 4, 3452 W AR 40 1) 43 A7 AR
1, DU 52 ] = 498 57 43 ) B 1 R B 4B (R O 4%,
2009 ;X170 #h 48 2012 ; Kern et al. ,2013) . Denslow
(1998) W57 61, +4% NH,*-N NO, -N % 5hkp
K/NETEAHSG , I HARBR P 5 AR PR S3 s V0 i v 45
(1999) W7 PH AR 2 #4225 I ARAR Y, R 1248
A BB A A 0 0T A B TR 4
TR AE (2011 ) FIF 5T 22 B, PR+ 3EA Pl | 4
RAERE R SRR T E 2, W,
AR RSG5 45 - — 2, H = X 20088
MR IR AL S W sE, Hik, A
ST /N 4% 08 Ml DX [) R/ IN 5 L 2T TR A8 bk (AR
L EAR VA Tl { NPTy AN /Rl N LR I EAR /8
) MRBR 22 [6] R P A 43 22 B A [) /U8 26 & =tk
O, EEAARBRXT A [ U2 B s ise i, DL TEAS
REZBIMAHECR R 855 50 AL RE
LT RN TR S RO B B B DA R ] Rk 288 R LRl 2
A

1 HRWREHARTE

1.1 5 IXAR AL

AFF 5 X B AE R e VA8 PR T i 0 IX T /K K )
ARG X (47°6"'N—47°16' N, 128°47'E—128°57'E)
(1) JE AR LLAM R ASHRIN , AR R K il 1 A< 2%, ELAT W]
AR AT KRB PE TR WA . bl P e A
B, Mol MERE RO DLZDAA S B BT TR ASAK, J& T
AT IV IV S Ry AU S b A R, AR R
15 98% LA b BEVELH % LAZTAR ( Pinus koraiensis) N

E A B S K (Abies nephlolepis ) . = #2 ( Picea ko-
ratensis ) MR ( Tilia amurensis) MM (T. mandshu-
rica) JAKE ( Betula costata) . ZE M Hi ( Ulmus lacinia-
ta) K (Populus ussuriensis) AW (Acer wku-
runduense) |75 HE W (A, tegmentosum ) F1 1o Ff B ( A.
mono ) %5 20 AR RR RN ARG R N ( Acantho-
panax senticosus) , TAE T ( Corylus mandshurica) (%
Yk ( Sorbaria kirilowii) . = A6 1L A 4L ( Philadelphus
schrenkii) 5% | FEAFEY) = 5A %6 1L & 5 ( Carex sid-
erosticta) BRI 55 5% (Athyrium maltidentatum ) F1/)>
77 ( Aegopoeium alpestre ) 55 | e A ML 90 A5 11 4] %
(Vits amuensis) . TL.W T ( Schizandra chinensis) F1%)
ARk (Actinidia kolomikta) 55 .
L2 FEHLBCE S RECRAE

T 2012 4F 5 7 7RI b £ A AR A 36 2ok 7 4 0
BN LEAMIRASHR | IR A2 LT RMIRASHR BRAELT AR
SR 3 FbR 2T AP p SE BY PA  HROCRE A AR
ARARL, 22 RECRFOE T AR B8 R/ INa3 SRy R v /BB (B
SCHR,2013 5 8420, 2014) A2 B A #5178 4
MIRBUH AR TE LLSMYZR (P AL D7 18] R
—/> 10 mx10 m AYHRFATARI 1 S %f IR (Rl B A
DLUILER 1) o BREUR P/ IARBR A —A, IF DIARBR
NGAM T FERA E , BEARE MRBL i G AR T L
HMECEARAIREE DT o B RE M AR 42 B S IR 12
VR TR (R PE LRI 5 AN A IFAEARBR MR A AR
SIHEIRZR (m PU AL 4 A7 AR ARG R 4
JREBERFES (0 ~ 10 em) T8 B EAH 0] 525
BT o
1.3 7k S EdE AL

% A SR LG E HOE (U8 KETUO-
KDY9830) ; + e AR GB H Il —RAR L ik
DZE , i 25 AR FH #E B W5 T 6 0 8 (8 1+ B
2000) ; FTIAEPEECR FH 3% gk iR ER A7 A AL, o
AL DL 6 G AE (UV1100) |, REEPEA HLA = AT
LA - (ESAHEESR) (BOE245E,2008) ;1
M RR AN 28 (SR 487K ,2006) o

K FH IBM SPSS Statistics 19. 0 Z {44 #R B 45 A
TR 8] 22 5 LA R bR B 55 400 AL AR ) 2% 01 28 22 S
TTRUE ZE T 245307 (two-way ANOVA) , I Bivariate
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Table 1 Basic information of different forest stands
A M mR KA ER BE B PREE A A T Bl Er kB TR FER
(m?)  (m)  (m) () (m) (em)
TR A FbKBE 1030.84  37.50  35.00 5 ViR Z00A (Pinus koraiensis) . ZLHA MBS AEREBR (Acer 55 :45 25.9 62.3
RAH( 1) *&T)(J( Tilia amurensis and  ukurunduense)
mandshurica )
FAkBE 812.79 33.60  30.00 6 AR N0 AR/NR SN A 58:32 26.7 57.6
JNVBRER 228.74 20.00  18.00 4 WES L A B (UL LIRS R ZUNHH TR 65135 29.6 58.3
mus laciniata ) B Acer tegmentosum )

TR KAB 783.36 33.04  30.02 3 ViR 208 K2 (Abies nephlol- 218 542, 2542 (Picea 55+ 45 22.6 43.5
TRASH( 1) epis) koraiensis ) AEREHE

HAkER  412.5  24.14  21.63 2 [T IR AR NRLY AN 2 I B 8 HIRI 55:45 25.7 48.6

VBB 123.77 13.50  11.60 2 [T REAR Ny AW BE S R 82:18 19.5 39.6

T T 4% B (Acer tegmen-
tosum )

HRELT A KARBR  805.49 33.50  30.45 3 ViR LD WUKE ( Betula costa- 4IRS HME HL A 35: 65 23.2 38.7
TRACHR () ta)

kB 502.39 26.58  23.93 2 K L R AR INRLD 41 : 59 25.1 42.4

JNBRER 309.02 20.98  18.65 3 P/ IR R 38:62 22.9 39.1

;T&i"& e AERERR TR

Correlations f¥) Pearson #0553, K152 % H Sigma-
plot 10. 0 Al Excel 2007 21l ,

SHBMAMIF Z R AR (P>0.05)
2.1.2 =BRSSBT HIER RS

HIREM SR AL IR AR R MR B A5 A A
RFARAE S, B0 2w TARAIAR S & i Al e 4
AT PEA DR A W) A 0 S AR TR AT AR
(3R 2) ., THBRESEMER S ERE R T
MO THA A AT A AT A LA A Y
R WEMMT AR . IRBR S A S A W
== TR, Al A HLRRN U E B A 2 IR
TS, vl it 2 /M 2R B SR AR 22
SAREE(P>0.05),

2.1.3  HUMEZLAA TR SS MR BR /NN IR R %
IS KRB A B S A A Al 2 A
A YRR AR S ) AR T AR AR G T A

2 HRE5HM

2.1 AS[RARES R AREE - S A i

2.1.1 AN AR B R/ R
RSN FERBAR ZL MR SSAR AR OB B I B AR R
PSR AP S PR A LA BUE D A 4
A RE M T M (R 2) ., PHRBEES
R TR R AL A LR Y R TR
PR | A S SRR A 0 S i 2 W 8 I T AR AT A
or, BRSNS ZR AR IRE S
ISR TR Z M AL A S R R
THBPAIMR Y, R R R TR A Y, 2 1

R2 FRAESEESE

Table 2 Nitrogen content of different components

ARE BKBE  NH,*-N NO,"-N TSN SON BMN TN
(mg - kg™) (mg - kg™") (mg - kg™") (mg - kg™") (mg - kg™") (g-kg")
I L 573e(9.89d) 35.26 e(47.94d)  137.11 c(184.35be)  96.11 b(126.52b)  20.66 e(35.12 ¢) 6.65 b(9.85 a)
M 10.31 d(4.81 ¢) 51.10 he(87.32a)  257.63 a(208.65 ab) 196.22 a(116.52 be)  27.39 de(35.76 ¢)  6.53 b(7.29 be)
S 1525 (2.4 ¢) 121.71 a(81.57 b)  181.90 b(126.06 ¢) 4.9 cd(32.05¢) 4181 be(52.12b) 709 h(6.73 bed)
i L 931d(2521) 38.50 e(26.64 ) 98.50 d(163.56 cd) 50.69 cd(134.4b)  28.06 de(80.91 a) 10.17 a(7.92 b)
M 18.01 a(12.83 ac)  26.18 f(45.16 d)  99.70 d(231.21 a) 55.52 cd(173.22 a)  45.03 ab(78.74a)  7.49 h(5.45 d)
S 16.90b(14.38a)  45.49d(34.81e) 12019 cd(135.71 de)  57.8 cd(86.52 cd)  52.34 a(66.90 a) 6.63 b(6.31 cd)
i L 4.47 cf(5.41 ¢) 46.45 cd(70.82 ¢)  123.37 cd(137.38 de)  72.45be(61.15 de)  29.47 de(42.04 bc)  6.49 h(6.72 bed)
M 3.05 fg(4.66 ) 45.35d(71.13¢) 116,12 cd(127.42 ) 6771 bed(51.63 de)  34.31 ¢(37.9be) 618 b(5.90 d)
S 226g(448¢) 54.21 b(70.67 ¢)  97.02 d(125.17 €) 40.56 d(50.02 ¢) 4121 be(47.00 be)  6.55 h(5.69 d)

I B LDAATR AR I« Y AL AR S bR T . AR LT WA TR S 0 NH =N 82 25 %05 NO; =N i 25 0 TSN Al ¥ M 2 SON: Al M LA
BMN : A% TN A Lo KRB M FObRERE ;S o /NAREEL 435 S SN IR BR AL S 4k 15 5 ORI AR R S 1, TR, RIS/ NE TR IR
ARBE ] S AR P bR ] 24 T8 S R A i 22 5 35 (P<0..05)
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DL TACAIMR Y (2 2) o PARBRUT B AS AL
PSR AP 2 R ) R F T A AR
AP HURCRT 42 05 B 35 s T AR PRI AR 23 5 /b
B B SR AR Al e R AT A AL
A S 35 K T AR P bR ), 2 % 8 5 TR A
Mot
2.1.4 ARIMEE RSB RS R L W&
2 J  [RIAR AR ) — 2 25 02 o B LA, A 4
AR SEAOPRBRE F - 3 8 25 20l A5 SR Rl A ) S 8
A — USRS HARBS OB, AT TR 2R
FIAT AT HLA Y & R I AR ] ) 3y bk
>/NPRIBE S KM, KA /PR B 4 10 1 22 57 A
Fo nIRILANRASHMRE e S R S B AN )
MRBRAS 22 S B R, LA 3 /NI O PR bR Bt > 7y
HRBEE > P BT 5 il 285 20 5% 2 S R, R/NIBUT g
PINPRBR S RARBR S FRbR BT 5 RT3 1 2 ORI mT 9 P A BL
AR/ IRBR AR 22 5 A B35 (P>0.05) 5 Sl
R B/ INIUT Jg 7 INPRER > TR B> OB RS
R/ 9 KRB > AR B > /NARBR . AR 2
TRASMOMRBR - B S RAN AT PR A LR R REAKER
AR 2E S BR, RMBUT S KRARBE > ARBR > /AR
B T 25 R R ROMRBR 5 /PR B 25 57 8 3 | 7Rk
B FRBRBR 2 18] LK% R B A /PR B 22 18] 22 57 AN
F 5 AR A AR /AR AR A 3 A T ROMR B AT R AR
B, A U B/ VAR BRI 25 DR T OB AT bR B 5 A
PR RN S /INPRBE > HOPK B> KRB

[] —JE 25 R i AE AN [R] AR AR BT 8] o0 A A B
TSR AR TR TR R TR TEA HLAA
WAMERERRE, LIEEAEFARE, AR
TR R PRI /N U e B, 3 285 R T A ] AR
NN [0S o PR ZAR /N S S L AR N S
RS PRAEZT AN TR S K ; il 25 280 & A RO B o S 3

x3 FRAESGERSERHILLE] (%)

BELR L FAR N R SRR AR /A (' S S LI EAR /N
TR AR, BRI/ IN AR I D) Ay A 8 21 T 28 A >
HELT AR AS IR > 25 V8 A2 LT N IR S WK BB 4T A8 TR 52
MRARB AT PR 2 A A AT A LA 5 2 5 TR
HELT FAR SRR 22 ¥ A2 LT M TR AR 5 KRB A/ AR
Bt 3 AR E] A YR 22 R AN B PR
SAPREY AAR /N LR L FAR NN Y S U EA R /N
TR
2.2 THEEARE A S ST Y )

W% 3 PR ,3 FpRAI ) K rb/INBRBR B L BT o)
N7 (AR PH AR 53 T ML i Ll 81 4 /D e 25 08 L AE
0.03% ~0.28% ,F55 % 0.34% ~1.72% , THLA
FELUHER R E, 5 ICHLE LB AR 2N IR 5
PRI 1K 82.90% ~94. 78% , = 3 KL LL N IR AS AR Hy
56.04% ~91.36% , MAELTFMIR AR H 91. 229% ~
96.01% , HIEREFZEUAIENE,3 FkiF
VI AZ T APLE 5K 98.88% ,99. 30% F
98.97% , PR RAE HRAR T A K A,
3 FPAREL > BN 1.87% ~3.94% 0.97% ~4.24%
F1.48% ~2.20% , 3 FiARBS TP AT PEAALALS 1
HERZW 459K 0. 48% ~3.00% 0. 50% ~
3.18% F10.62% ~1.10% ; AW LT WA =B KIS L0 A
FIARMELT A TR A ARAA B LA AT 5 A LR 3, 40 51
AT N 56.99% 52.33% F152.95% ; =15
L RMRASHRABA AR LA AT PR HLACH 32, Al i
PEAR 73. 62% , HBAR 21 b FITHRAHME LT 4 1 28 FRAR 4]
MELTALAE R £, AW E S 2R LI 3 bR
AR AT, 2 A K, A A d)E T ol
PR P —&B5, 3 Bk b L g P A AT
VEPE AR 21.04% 41.67% F132.31% .,

W& 3 IR HBART Z MR S MO B 3 S A
il AAMBEY RS LIRS RG], 2R 2 am

Table 3 Ratio of different components of nitrogen to total nitrogen

P it Mg NH, *-N NO,~-N TSN SON BMN

I L 0.09(0.10) 0.53(0.49) 2.06(1.87) 1.44(1.28) 0.31(0.36)
M 0.16(0.07) 0.78(1.20) 3.94(2.86) 3.00(1.60) 0.42(0.49)
S 0.22(0.18) 1.72(1.21) 2.57(1.87) 0.63(0.48) 0.59(0.77)

if L 0.09(0.03) 0.38(0.34) 0.97(2.07) 0.50(1.70) 0.28(1.02)
M 0.24(0.24) 0.40(0.83) 1.51(4.24) 0.84(3.18) 0.68(1.44)
S 0.25(0.23) 0.63(0.55) 1.67(2.15) 0.80(1.37) 0.73(1.06)

i L 0.07(0.08) 0.72(1.05) 1.90(2.04) 1.12(0.91) 0.45(0.63)
M 0.05(0.08) 0.73(1.21) 1.88(2.16) 1.10(0.88) 0.56(0.64)
S 0.03(0.08) 0.83(1.24) 1.48(2.20) 0.62(0.88) 0.63(0.83)
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Table 4 Correlation of different components of nitrogen in different mixed forests
A HIEA NH,*-N NO,™-N TSN SON BMN TN
I NH*N 1

NO,™-N  0.929"*(-0.314) 1

TSN 0.347(-0.852" ") 0.030(-0.090) 1

SON -0.310(-0.653 ") -0.605 * (-0.455) 0.778* *(0.927" *) 1

BMN 0.855" " (0.622 ™) 0.927" " (0.334) 0.122(-0.838" ") -0.484(-0.878" ) 1

0 0.206(0.011) 0.251(-0.848* *) ~0.144(0.294) -0.273(0.585 %) 0.350( -0.476) 1
I NHAN 1

NO;-N -0.258(0.702% * ) 1

TSN 0.273(0.110) 0.462(0.613 %) 1

SON 0.189(-0.144) -0.013(0.389) 0.846" “(0.964" ) 1

BMN 0.733* *(-0.414) 0.108(-0.052) 0.150(0.209) -0.124(0.292) 1

TN -0.913" *(-0.802" * ) -0.065(-0.869" ") -0.465(-0.302) -0.239(-0.061) -0.840 * (0.097) 1
I NH*N 1

NO;™-N -0.639 " (-0.228) 1

TSN 0.859* *(0.852" ") -0.871 " *(0.126) 1

SON 0.798 " *(0.899 " ) -0.938" " (-0.146) 0.987* *(0.963" ) 1

BMN -0.832" *(-0.198) 0.719* " (0.108) -0.923" *(-0.056) -0.833" *(-0.077) 1

TN 0.100(0.873" ") 0.409(-0.034) -0.133(0.892" ") -0.203(0.893 " ) 0.027(-0.076) 1
x P<0.05; % * P<0.01, B,
x5 MEEREEEESRESEXR
Table 5 Relationship between nitrogen forms and gap sizes

NH, *-N NO,"-N TSN SON BMN TN

T AR -0.464(-0.510)  —-0.421(-0.061) 0.212(0.413) 0.530(0.398)  -0.958**(-0.362) 0.130(0.750*)
B AR

TR SR HAS A T e A  rTIE AL
FURBIE Y L A48 4 2000 L ) 35 3R 30 B 2 PR it
A FEUE T /N R B, ANREZT A TR S PR 1 ¢
Tl A U 280 48 4 2R L 461 Bt A st T R
KMis/NER SR T2 J AT E A PILA
e o 3 A N R i Ea, (BABHIMRESIE RS
R A Y E A AR B T R AR A IR
B IR
2.3 HEKESAZMBKER

W 4 FioR, 3 A MRAL A AR BRI P AR rp AT i
PR A A P A 2R 3 IE A G (R >
0.605) , A LT A TR 28 PRFNARAE TR 58 MR it o ¢
SR GEARE M, (B AR B AR P Mo A&
PUAR IR B S 2R, 25 8 2 L0 A TR 5 MRS A bR e 25 RN
SRR TBELR (r=0.702) [HHAKRER PR
Br=-0.258 , X R HIMRB 2R RIS S A Z [H] 7Y
KRB M, 3 FhART MR BR B 25 JR B 9
RZ A RE r 4390129 0.855° 7 ,0. 733" " Al
-0.832" " AR B AH OC R EL r 4300 0. 6227 |
-0.414F1-0. 198 , X FKHE S A MM AW AN LR
FEMRBR 5L 35 AH G  (HAEAR AT MO X Fp oG R AN G —,

PRBR S AR AR [ R A
2.4 MEBEINGHESIEESATELR

mE s Fis, MBRE S KBS A & ZEE
KZ, A ARBR A S A: W R S PR T AR A
HERMAR (r=-0.958,P<0.01) , B Ak A + 35
4 G FIRR B T AR R 2 IE A G (= 0. 750, P<
0.05) , HATE A A0 & 1 72 AR BURTAR P AR b 5 B
[E AP NANSE SR (1D

3 i i
3.1 AFEHFAREA HIELTEESEAR S EE AT

B AR AS R o W ORI R , AN S ik
WO LIPS A S B E TS A S &
(i did 55,2001 ; BREH AR 2, 2010) . ASLE Y, AL
AR BERSEX/ N THER, X SWE
Z5(2010) 1E /N2 22 W K M DX LA Rl K 7 H B
SRAMME RN TG RA -2, 2k h,5 A
173 T K 3 DX A SRV Ak R, I 03 st s, SR A
SR Rl 2 RE T S R, P AR B S AP, T
A A IR AT A B 8 2 R B A A e A2 R i 2
R URI ORI E R IR AH S AR P,
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SRS RAE LI R AR N e P A A R B i
KPEER, k2 k3 PiR,3 ks
TIEAR FLEUANE R EE 2R 98% L 1,
AR AT A MR A P R S A Y R
ML, 43 3N 23. 64% ~ 70. 10% F1 10. 48% ~
49.30% , F1 Chen % (2005) #7814 (2009) Ak 1
Herpoa e A T A HLEUR AR P R A S AT
53,

3.2 KRifvMkBR HIEAR R &

PRI RS T AR A S R G BFIE 4514
AR A A K SO0 TR HTE SRR A M - 43¢
PP R A T A8 4k, SER AR = A 22 5 ISR
F PRBR I/ INDL S SRR AR Z (8] ) 3 &K it A
BUIT 4 A S A R R S G R Al A i A
VI A — & 19 22 5 ( Denslow, 1998 ; V0 1l ¥ F11 8 4%,
1999 ; VI [E 48 45 120125 X1 /b vf 45,2012 ), H X1 B 45
(2011) 45 M, ARBR 38 A7 BILAS | 4= 260 42 B ot 4 53
BOSABAIAR S TC B 22 5, X0 PR L I 2% S MR
R T RS FF AL b 2R VS
fige Bsf 23 gt S FIASE AU 45 ) 22 57 DA R R ST IRE D) X 42
H M 225 B b - e A v i e 8 Hh &2 2%
FRIE . ASBFIE o i 0 HE PRI 11 22 5 | AR+ 5% 43
)25, A TE A A f A6 45 AR R BR T A [R] AR A
Z A,

ARBGT 3% 3 1) 5 Wil FRIRAE MR B/ IN = A 1
THAEN L LIS 3 Ay s D TR n 225 7
1) Yl A 3 AR AR AT 35 43 B W UL ( Canham et
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