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Comparative nitrogen mineralization and its availability in certain woody plantations

in Keergin Sand Lands, China

CHEN Fu-Sheng" >, ZENG De-Hui'" , FAN Zhi-Ping', CHEN Guang-Sheng''*, Singh A. N.' (1. Daginggou Ecological
Siation , Institute of Applied Ecology , Chinese Academy of Seiences , Shenyang 110016, China ; 2. Graduate School of Chinese Academy of Sciences , Beijing 100039,
China; 3. School of Foresiry and Wildlife Sciences , Auburn University, AL 36830, USA).Acta Ecologica Sinica ,2006,26(2) ;341 ~ 8.

Abstract: The sand-fixation plantations played an important role in cutting down desertification process in northern China. Soil
nitrogen mineralization, which is a key ecological process in poor sandy ecosystems, can be used as a basic index to assess
ecosystem function of tree plantations. In this study, soil nitrogen mineralization process and its availability were examined by the
methods of in situ closed-top PVC tube incubation and ion exchange resin bags under plantations of pine and poplar, and their
neighboring grasslands in the southeastern Keergin region of China. Results indicated that the accumulative net mineralization in
growing season (from April 15 to October 15, 2004) in the grassland (8.06 pg*g™') and Pinus densiflora (9.06 pg g ')
plantation was lower than that in both Pinus sylvestris var. mongolica (18.36 ug-g~') and Populus simonii (17.88 pg-g™')
plantations (p < 0.05). The ratios of nitrification rate to net mineralization rate in grassland, P. sylvestris var. mongolica, P.
densiflora, and Populus simonii plantations were 0.88, 0.91, 0.82, 0.87, respectively, which indicated that the soil
nitrification rate in the study area is more intensive than soil net ammonification processes, and the NO; -N was the major N form

absorbed by plants in the study area, which might due to the higher soil pH values ( > 6.6) and strong human disturbances in the
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study area. The percentages of net mineralization amount to soil total N contents in grassland, P. sylvestris var. mongolica, P.
densiflora, and Populus simonii plantations were 2.49% , 4.42% , 2.77% , 4.26% , respectively, implying that N turnover
rates in grassland and P. densiflora plantation were very low, while those in P. sylvestris var. mongolica and Populus simonii
were relatively higher. The accumulative mineral N absorbed by resin from May 15 to October 1 in both the grassland (283.50 pg
*g"! dry resin) and Populus simonii plantations (297.00 pg-g~' dry resin) was the lowest, while that in P. sylvestris var.
mongolica (440.10 ug*g™" dry resin) was intermediate, and P. densiflora (835.65 pg-g™" dry resin) was the highest (p <
0.05) . Soil relative nitrification rate ( which is expressed by the ratios of the soil NO; -N to mineral N) in the grassland, P.
sylvestris var. mongolica, P . densiflora and Populus simonii plantations were 0.88, 0.87, 0.92, and 0.90, respectively, which
also implied that soil NO; -N accounted for most of the soil mineral N. From this study, we conclude that the in situ closed-top
PVC tube incubation method is more accurate than the ion exchange resin method in measuring seasonal soil N mineralization rate,
while it is more convincing 1o use both methods in exploring both soil N availability and N absorption by plants. Based on the
corresponding results, we concluded that the three tree species mentioned above were selective sand-fixation tree species in the
study area, and the rank of suitability was P. densiflora, P. sylvestris var. mongolica and Populus simonii. However, to
comprehensively assess the ecosystem functions in the study area, the knowledge of N balance in sand-fixation plantations is
necessary .

Key words: sand-fixed forest; soil nitrogen; mineralization process; PVC tube closed-top in situ incubation method; ion

exchange resin bag method; keergin sandy land

BEWAERHFHERNEREARRSZ - ARERENES BFAMSHE. M HE BEEY
MR ER KB EEREESHBNIFHIFRET KBTI, B4R EHEN KA EHTHH, T
MESEAEHEA PR ESEAERTRENRLSY, BENHRENR, TRHORASREN AT a4
ZHK A N B 24, TR B AR S G5 i RS2 Bk R R

ANEEYEENETHRFNREERLER — ENFSASESE Y, TEAR NEFRZRHEY A
KMETEHESY, T2k EEAB(EERN) NEAREAERENHRUA R ZANRE £5%
MBS THEENERS . AW, HAXFTEHMHRERD. +ENELSBEFRRESRESE T NBEFRE
BEEMEEERMIREY, tHPH NEFEIESRES NK 0%, THEYEZAR THAUNEE
BEUSEA NS NEREEXTH N, THUNHALPREKBERB LR NN RE BT LENHT
fid 8, N A FIERR A 3 1 N S AR, SR Y MBI E S RENES A FEEK
BHE RER H AR BEES ESRATREZEFERBXERE" Y, AR NTAREAY
HHARRNN TFBRBERESREAIEM N EYHRAFFEAIBWEARHTEER L, MHBRITFNH
HAESREREEMESREREWESHE" Y,

W FvhH i N EE M REE G E A TR s B AR50 B 0 M (R )
( Pinus sylvestris var. mongolica) \FR¥A(P. densiflora) M5 ( Populus simonii ) A T34, R PVC T &
B A PSR IR S & AR LR N TR AR M, SR AR A THETRMET
N B RO S R A B R R bR TSRl FR A N P A E R DL A U st AR A R
Bk E ME g RARERE
1 #REFE
1.1 BREMR

HRE MG TRRD DGR, I FEYRBEN 448 (42°43'N,122°22'E) , £ 226.5m, RERET
SRS RER TR 450 mm, K K B 1300 ~ 1800 mm, & F B F XA R AT R, K 2 4.5~ 5.0
m/s, SEH SR 6.2°C, M2 SR 8% ~ 59%,10°C LA Lk AUE 2890°C, T 1504, M AEKB(>5C) K
180d, t MABETE R R+, FATE CN.P SHBM, MEXBUDEHE N E QEEH
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(Polygonaceae) , 3 &} ( Chenopodiacesae ) . #% M # ( Rosaceae ). & F} ( Fabacese ) . 3 B} ( Compositae ) . 7K & B
(Gramineae) . ¥5 B B (Cyperaceae) %, B Rl EH MK O EE TR FHE Y 10000 hm’ , KPP RETE HE
MR EERAREREN G 6.1% 12.5% F 46.1% , Tl HL 7545 FbA I AR BEAT H BL U 2 % A SE - 3L
S WA DR E S DS M A T B, B e BRI R R PR R E R AT N BT
i, 30% ~ 0% AT AR AL S RAKH AR BH B A THRESRE™ .
1.2 BFsisst
ETFEBEPERFRFRBASZR T LR GBI (FH) SR T IR RN % — 3 8
HUEAR K 30 mx 20 m, FRAMAERE BV BRI, BE CF MR SRS ERER L M RA
BEpHERSEHFELSLTEHRAEEKERFERE 2.

®1 FREEHDRE
Table 1 Characteristics of the experimental stands

Y Sites ik Age W Density FilmiE i ZEEE
(a) (trees/hm? ) Diameter(cm) Height(m) Management practices
E Y Grassland — - - - T Grazing
1 F 4 Pinus sylvestris var. mongolica 30 825 14.15+0.63a" 7.93+0.13a 4 Non-grazing
FRH P, densiflora 30 950 13.80+ 0.88a 8.26+0.31a $£ Non-grazing
ANk Populus simonii 30 1050 19.41x 1.28b 19.131.15b 0 Non-grazing

*EHE £ 1 REIR, > 30 F - RhHARFHEEREX,p <0.05 Values are means = 1 standard error (n > 30), values suffixed with
different letters in each column is significantly different with each other at p < 0.03 significance level
1.3 AR A%

AWFR KA PVC TR S LA B TR MW AR R ORI 8 43 N T R A R

T3 A EE N 20 142 50 SRR TFRA R AT, BPn 2 Rl & TR 5 10 B O 6N, 7€ 20 ik 42 80 AR AXA FF I AT PVC
R R, R BN R S B PR A B AL B L R, BRTRL AR NS . S I MR A AR
SIRFAE, 30 mx 20 m BEHL AP AL 6 3R 10 mx 10 m /PR, FHERTFHE T K 15em 42 4em B PVC B . HB—K
BURE (2004 45 4 F 16 B)EBAN/NMEF NGRS, ESNSE2 AN PVCEITA L P, RE/DLBE 14
WA PVC AL, it 20 HOF, ST EPA] 2 mol/L KCI 1248, FI I H A e 4> BN & H A N IR A
N RV 105°C T IE LR KE. | MAJF, T 2004 455 A 16 B B/ H PVCE R, F &
HE1REE, K SRI1IMAERE 1R, HEEKEEH (2004 £ 10 A 16 B), A KNBEEHHRERU
W+ ERit:

AR (ug/(g:30d)) =30 x (EFEIGED N- HBFRATES N)/XE
BHAL R & (pg/(g+30d)) =30 x (EFREHA N - HHFATHE N/ R
WO LT % (pg/ (5030d)) =30 x [(BEHEHA N+ A N) - EHWES N+ A8 N URK

HTRBMIRRERMN AT PR E, 20 el 80 AR5 S Ng L BMBIR, ©&EENERN
FRUR M L3S N TS A N AR, A NS E R, B — RN R ERa ", EREET
PERIRLA R RS B (R AT LAY B A A N T B, IR 4R A T 0 B LR R N B Y
i RS A AL LA LS . TR I S AR B TR EWISR (K 4 emx 4 em), B
#J 10 g (Amberlite, 1:1.5 mixture of types IR-120 and IRA-400 resins) 4§ , SR )5 3 iT4F , R AT BRREI E K&K &
MKCIERERMEEAS NMHENE, 7£2004 45 416 H, % 30 mx 20 m FEHBAY A 6 2 10 m x 10 m /M EE
Fo EBNIMEFNREIERE 2 8 M FEERIKNEES. — M EEEFER 4 o L (HEH 0~7.5em B
BES NHIMEEN), H—1TRETE lem 4 (RFE 7.5~ 15em), H ORI 12 4, RIS T 2004 £ 7
A1 HBUY, ZBRM S E AR 3, 4 B 5200 % 37 B A VK8 P9 (4C) , 20 B7ET B 2 mol/L KC1 B 482, ¥
HEEDHIWE &S N A NSE™, 200447 4 1 B3] 2004 428 H 15 H.2004 4£ 8 A 15 H ] 2004 45
1031 HERU ERE, &S N RSO T EWIE(IR-120) 5 78 5] I\ 38 v 7 08 B B0 65 75 N &, ST
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HERTHIBER RS NWER (ug/(g-d), ITF ) ; LW N AL F & AE (IRA-400) 207 i 1] A + 3
PEFR A N B T (pg/ (g0 d)) = 88 N+ #55 N.
TR R AR R ESR A

1.4 BiELE

BB SPSS(11.0)Ab 3. BRI OIS, 2 R B M, p <0.05,
2 BRS5H#H
2.1 EEEALRRM

B AL, MK 30a J5 MR KR MR —EMER . REXINETFUKTES NS, W
C:NBAG; AR A E FHHLKA C:N HER ;%W%i@@i%ﬂ C:NEBE, M4 NEH. |MT0. Fh
F AR B AT O3 , R B L MAE AR . SN CNHAZER(FK2), RMYPHERESRT BN
BAcketE, MEAFMFEZRHE ., Moz 55 E o] am s A EEYRESEARTE N
N, BIAN AL AR B C:N, R ECE B C:N BB TR AR S LU B K, S B A ERK.

K2 HHERE(0- 15em) L INEEHRY
Table 2 Characteristics of surface soil (0~ 15cm} in study sites

it AE pH B L% Organic 429, Total 2B Total

Sites Density( g/em® ) pH carbon{(g/kg) nitrogen{ g/kg) phosphorus( g/kg) C:N

F b Grassland 1.64 £0.0la 6.79 £ 0.06a 3.724+0.12a 0.328 £ 0.070a 0.086+0.011a  11.34£3.21a
W F# Pinus sylvestris var. mongolica 1.65210.0la 6.67+0.05a 3.97+0.08a 0.415:0.006b 0.111+0.002a 9.57+2.17b
#¥s P. densiflora 1.68+0.02b 6.62 £ 0.08a 4.73+0.57b 0.327+0.004a  0.082:0.005a 14.46+4.87¢
/N Populus simonii 1.60 £0.01c 6.93£0.07a 4.03+0.53ab 0.420£0.009b  0.121£0.009a 9.60+2.16b

*» PHE VAR R, n=6FR—REHhH AR FHEEREBH,p<0.05 Values are means + 1 standard error {n = 6), values suffixed with different

letters in each column is significantly different with each other at p < 0.05 significance level

2.2 HHARTARFBIE

PVC T3 S M £ 38 N 9 b A8 % B0, oAkt A 700 L A% M W AR L IR A BNk Fuv i fh g
BRI AAB B THREES BEYAEE2—8,6.7 A8 ANBE(E3EHLD, HHSZHREESES
BARTFHELARELY G, FEZAHETEZNE R, 5408 0 E -8k e esbE R
S AFERE B, SO, R 3 R I8 LA B A A F 4 0 AR A AR o, T A B Ak
BE AL AN D (0 3 SR R LN oKL R 2R M AR , B F A R R A B (R 4) . obksh B T40 AR #a A
B bk AL 5 B AL R B E MR I 0.88.,0.91.0.82 F1 0.87, UL B %0 R BN AL i A2 B SO, L R
WEERHEEAS N HPEFRALRRS, SHERXKREN L pH E( > 6.6) MEBMMARIENE X,
Tbkty T F MG L BEREZNGT AERSS NOLBA SN 2.49% .4.42%.2.77%.
4.26% , 77 W I AR HLFI AR AA AR 1 B N B BAG , WA AR A W AR,

A S E R A ST LR R RSSO R, M PR E R L8 N

O KiH#i Grassland #x#24 P.densiflora
& #F#, Pinus sylvestris var. mongolica N4 Populus simonii

5L 15 g 60 Se 70

q E S48 so0 2E 60

22 10 R =& 50

ﬁg §'5 40 EE 0

3‘5 05 8 ug 3.0 ;._ 1.0

# g . #9 20 ﬁ.g )

®g o /T £ 20

g N {IA (12 T Ié' 22 101 8 I HE 10 ’

ms 05 3 3 A | PN | B R Y o LA & ‘Rugsd Ez 0 P : : =478
4~5 5~6 6~7 7~8 89 9~10 45 5-6 67 7~8 8~9 9~10 4.5 5~6 6~7 TR 8~9 9~10

A+ Month

B 1 AR WAL BN R T A R B3R

Fig.1 Dynamics of soil ammonification, nitrification and net mineralization rate in different sandy sites
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BHEEAYABEE MAEEAEHENERLERRARE MU MAT LEREE (R, XRARLE
REZEHEEEHEM.
2.3 HIEE&E NS NAMEH N #E

LA FT R AR W A3 L R RN AR B B A TR R RS LRSS N ML N R
B, AR R S B A N WEHERERBE (p <0.01); BT HE K B R LBES
NEWRHEEAEREEN p<0.05), HEE L HBRRMANEAHRANERABE (RS NI, UTH
FAETEREEHO0~7.5 cm FM7.5~15 cm) ZRMER, TRFENLHE.

E R T Lo fiboRS § SIARCTIACE TtA 8 3ok )
Table 3 Effects of specie and period on soil ammonification, nitrification and net mineralization rate in different sites

B ALAEIE FFP Specie B $ Period FERP x B H# Specie x period
Characteristics F BEH P F BEW P F BEM P
# 4L 3 # Ammonification rate 3.76 0.011 10.82 0.000 1.64 0.064
4.3 % Nitrification rate 32.39 0.000 16.86 0.000 2.83 0.000
B 46 E % N-mineralization rate 31.45 0.000 19.37 0.000 2.48 0.002

B4 Wi TR A R LB R EA R (ng/(g30d))

Table 4 Summary status of soil ammonification, nitrification and net mineralization rate in different sites

EE M Sites HALE# Ammonification rate S L # Nitrification rate Y {6 % N-mineralization rate
B #b, Grassland 0.16 = 0.08a" 1.20+0.21a 1.36:0.27a
HETAD Pinus sylvestris var. mongolica 0.29 + 0.09b 2.77+0.60b 3.06+0.61b
H¥ P. densiflora 0.27 +0.09b 1.24 +0,24a 1.5120.28a
/NY AR Populus simonii 0.40 % 0.09¢ 2.58 +0.31b 2.98 £ 0.44b

*» PHE 2 1 R, v =TLRA-REBRN AR FEFEEEREXE, p <0.05 Values are means = 1 standard error {n = 72), values suffixed with

different letters m each column is significantly different with each other at p < 0.05 significance level

*5 KA AR TINE RS NS NFIZH N MR
Table 5 Effects of specie, period and soil depth on soil NHy -N, NO;y -N, inorganic N in different sites

Wy EE & #HAEN NHY-N W& N NOs-N FAHUN  Inorganic N
Influencing factors 4 F BERP F BEYE P F BFEE P

F MY Main effects
AP Specie (S) 3 4.51 0.005 19.33 0.000 18.16 0.000
B4 Period (P) 2 14.85 0.000 6.40 0.002 7.94 0.001
+HE W Soil depth (D) 1 0.00 0.949 0.05 0.820 0.05 0.829
R H R Interaction effects
W < B8 sx P 6 3.44 0.004 3.65 0.002 3.09 0.008
MR x THEKR SxD 3 0.79 0.503 0.07 0.974 0.10 0.961
¥ x 2 MBER PxD 2 0.01 0.992 0.00 0.999 0.00 0.998
M x B8 x LMWK SxPxD 6 2.57 0.022 0.12 0.994 0.2t 0.974

T PRGN LGS NS NI N EEVABHETHLEE, RUNESGAISH
~THTH)MKECOALIAB~SAISA)BE.E@AISA~10A 1 B)BE. THAMALEBS N
AUNZFTHERSAR GENKRAINES>H >, SIMHHARAKBEEELER , HRMNEFBHE,
BHIRE, DS N RN RGBS, TR T R R & LIS NI N HFERY
ARG R, T REP, RS,

LA AL E R T LU WA N SN N B FIFAR™, M, o7 LIS T T R
FRR A PR L 3R X A AL R AK K 2 0.88.,0.87.0.92.0.90, 8] HERSA N HAES, A SREN. x5
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Table 6 Soil NH; -N, NO; -N, inorganic N In different sites
M Sites AN NHS-N WA&N  NOj-N XPLN  Inorganic N

3 Grassland 0.25+0.07a 1.85+0.57a 2.10+0.53a
BT B Pinus sylvestris var. mongolica 0.40 £ 0.14b 2.85+0.79b 3.26 £0.42b
¥ P. densiflora 0.48£0.15b 5.71+0.02¢ 6.1940.13¢
/N8 Populus simonii 0.21+0.06a 1.99 £ 0.82a 2.20+0.83a

*» EHE 1 HRER, n=36:F-REFNAFAFEBELTEE,p<0.05 Values are means = 1 standard ervor (n = 36), values suffixed with

different letters in each column is significantly different with each other at < 0.05 significance level

O M Grassland #*#% P.densifiora
8 W-F# Pinus sylvestris var, mongolica /N4 Populus simonii
200 4 20.0
'U
150 EI@ 15.0
S d
100 g E 10.0
5.0 2 50
: 5
05-15~07-01 08-15~10-01 05-15~07-01 08-15~10-01 05-15~07-01 08-15~10-01
07-01~08-15 07-01~-08-15 07-01~08-15

A - H Month-day

B2 TSR EEEENME NFENES NSE
Fig.2 Dynamics of soil NH; -N,NO; -N, inorganic N in different sandy sites

3 itig
3.1 PVC TS EESEFRHRR IR

e EENE T RN EREATR TN LB AR ERNFM G, ERE R
TR, o LR R

ABHFTRE,PVC MBI EE S H TREM IS NENE -8 NI EFES UMM, R ARH.:

(DFEEMMEERYRFZHEMAERRTERI TSEEENTHAERSSTLERM MK
F 0.8, B T HA B 48 15 I G Y AR XS RS AL B R AR TF 0.8

(DFF B R\ TR LEBEMI, WO FIEHTLEE WAL B N T E, [Fet,
AR OEAR T EFEER, BAEZAN (DT LIRS TR R THEEETRNEL R
R IERENE-F-K, ME LR ERERANR-R-FXEHEEL;

(3T IBE B EERRVIFRMMRLE NT R REMR, ME FEENIERENEERRT RBHRE
B, EWELE NFAERASEAMFTESRERKSGE N DZEBEENEER S HABRTHHERYE,
WA TS A L BB B R + 3 N PR (., M TR EMEREH TEZEYHRAN N BRI
BB A, BT ATE ML T B A B, D (R e 4D , B TR AR S L T B R 2 LK P R K E F
EEMKESRE N B, THHMIERM, ATT SN & HR&, B TRBETEABN SEYRE N #
ZH.

U E 3 N B L R, TS BE R TEFRR WIS, EAFRN L3/ NF R
URHEGHRER, HENSESEMERRS .
3.2 3 N 8L R A RS E AW I

FENEMREAESRARESNASEBY - THENESRERERRIEM IR, FRRHA",
Ui&zﬁﬁiﬂi@%ﬂtﬁ%miﬁk&jFETﬁEB’JMﬁEiBB@FE%,ﬂﬁ%ﬁ%iﬁ—%#ﬁ%&fzrﬁ]ﬁ&‘ﬁ%m#ﬂ%ﬁo
Hd N s RAAERBNEERNZZ -2
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AFAEY UHEKEANTEFRIENTLER, L WAMNA - EBRENER. PR RN
TR AN NBSEEER. BT oW E, &M 5 N & H X & F B0 B4 6 (7] 41
HEMIERKMNERN SETERK M, o7 G H, T - S S NS N AL N #Hx#R R
KRN 1.56.1.54.1.54; B FHAMRKIK K 1.37.1.03,1.07; B HARIKIK N 1.78.4.60.4.10; 8 9 AR IK K A
0.53,0.77.0.74, UMK ASE GAIHER  ETRARERARBNT LE R, EHXS & RBEERK,
PR N BRI A X R AR BRART L E R, AN BRREES, LHEHEE N, BHSRAN
RIHERI AT FE R s AR B LR R, AT R A R BRI, AR AR N B AR, A, UL
M7 9 T 5 AL AR R R VR B R RO ZE 4 BE S K '

M N B S A RO S AR B AT VRN AR IR ST 0 4 R MR T T, TR T MR T
o MR ERRBMHEELSRERZEE X, FEAFHRARBMERBEMAONRERRFER BN )RR
B, ERTE. Bl #ZRAFRESRE N MEREFEARBEEMTEGH IR AIHBREHERE
AR,

4 g

()30 FA MM TH FR BRAMERBZR, 2 L ESEFELES., FEIRNZERWERER
Mt BB A REFALTES .

QUBHELSETRBMERENE BT L WA ST HERYE, LFaEER . NREL 7
BT ERERERE PVCHHERERL TEFLEWIES SR, AEM 5 N ARHE U REHH A
i, HENECGHARNREE,

Q)T TN FRFBERARERKRZERM A ISBE-10A 15B8)L8 NSTILESSH 8.06,
18.36.,9.06.17.88 ug/g; Wi 5 A 15 H ~10 A 1 H B A5 89 AL N 43 514 283.50,440.10.835.65,297.00
pg/g dry resing

() FHERFZIM TR TRANAAG I BRI FE N BV AR AT S, M H 4 N B fh i 28 | o st 45
BN RE , FMETEFL, ETRETHR
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