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Effect of limestone and magnesite applications on masson pine ( Pinus massoniana )

forest growing on acidified soil
HUANG Yong-Mei' , DUAN Tei*" , JIN Teng’, YANG Yong-Sen’, HAO Ji-Ming’ (1. College of Resource Science and Technology ,

Key Laboratory of Environmental Change and Natural Disaster, Beifing Normal University , Beifing 100875, China; 2. Department of Environmental Science and
Engineering, Tsinghua University, Beijing 100084, China ) . Acta Ecologica Sinica ,2006,26(3) ;786 ~ 792.
Abstract: The effects of limestone and magnesite additions on masson pine ( Pinus massoniana) forest growing on acidified soil
were studied at Tieshanping, Chongging in Southwest China. The site receives very high sulfur deposition (about 16g*m™2a™"
measured in canopy throughfall) and severe forest defoliation and mortality are observed, The pH value of soil is in the range of
3.6 ~ 4.2, much lower than what considered optimal for masson pine (4.5~ 6.0) .

A field manipulation experiment was set up in 2003 in a planted 40 year old masson pine stand. 6 adjacent sample plots of 10
% 10 m* were divided into two blocks of three plots each. Within each block, one plot was randomly assigned to one out of three
treatments. The three treatments consisted of two different liming treatments ( one-time addition of 30 kg limestone and 25 kg
magnesite respectively on the soil surface in December 2003) and a reference treatment. The magnesite powder was much coarser
than the limestone. To find the effect of such treatments, ecological investigation was first carried out in November 2003 and
redone in November 2004, including the measurement of tree height and diameter at breast height ( DBH), evaluation of crown

color and crown density, collection of needles and fine roots, and analysis of ground vegetation.

The comparison of the results before and after the treatments indicates that some ecological responses may be visible already
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after one year. The average increments of DBH in limestone and magnesite treated plots were 0.43 and 0.38 cm respectively,
much higher than 0.27 cm in reference plots (with the significance of p < 0.005) . The average needle density and biomass did
not change significantly after liming (p > 0.05), but the average needle length in the magnesite-treated plots was remarkably
higher than that in reference plots (p < 0.005). The biomass of fine roots in the upper 30cm of the soil increased in all plots
(including reference plots), with larger increment in the treated ones. This indicates that liming may increase the root biomass
production. The average increments of fine root biomass were 0.16, 0.32, and 0.67 kg/m’ in the upper 10 cm soil layer from the
reference, limestone-treated, and magnesite-treated plots respectively, 0.20, 0.17, and 0.35 kg/m® in the middle 10 em layer,
and - 0.07, 0.15, and 0.21 kg/m’ in the lower 10 cm. Hence, the change of root biomass was more notable in upper layer of soil
than lower.

Although most studies in Furope indicated that there was no increase in tree growth in general as a result of liming, it seems
that application of limestone and/or magnesite in this study could increase the growth of masson pine, The treatment also had
effects on the biodiversity of ground vegetation, for instance decreased the abundance of oxyphilic species such as Miscanthus
sinensis and Dicranopteris pedata quickly. The five 1 x 1 m? quadrates in each limestone-treated plot lost on average three clusters
of Miscanthus sinensis and ﬁ\v'e clusters of Dicranopteris pedata, and the magnesite-treated plots lost on average 10 and 18,
respectively. Many seedlings were found in the treated plots, so were several dead saplings of oxyphilic plants such as Camellia
sinensis . In contrast, very few seedlings and several dead saplings of Cunninghamia lanceolata and Quercus fabri were found in
the reference plots.,

In conclusion, the two treatments show different effects on the ecosystem. In addition to the DBH and average needle length
of masson pine, the Ca and Mg content of needle in magnesite-treated plots was remarkably higher than that in limestone-treated
plots. It seems that the addition of magnesite is more effective for increasing forest growth than limestone. It should also be noted
that the Ca and Mg content of needle in limestone-treated plots was even lower than that in reference plots, which indicates that the
addition of Ca only with large amount may cause deficiency of other nutrient elements such as Mg. Long term follow up of
controlled liming experiments should be conducted before conclusions regarding large seale applications are drawn.
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1.1 KBRS

TET E BRI e TS e P A T B T B — NN K R P AT BF AP C IR, K (106°41 .24'E, 29°37.42' DL F
R R AL B Bk L BRAR A , 3R T o0 K 4 25km, 4K 4 S00m, SR E 18°C KA, F MK E 1100mm £,
MR AN T DR, TR 5, B B RN T, ORI RL 16 gom ™2™ K F3 pH
4.0~420, +EAWERBR, pHEBEAR3.6~42" RETIRMBEHEK L pH HEE (4.5 ~
6.0""),
1.2 FBiE

TITEN FREBA 40 SERIS A TR RMMRH TR, M LB F, UATHEN DI RWN A E, ERARN
800 Bk/hm’®, SE YW B 15m, F B M2 15em, k4 B # £ B H ¥ K ( Cunninghamia lanceolata ) M K # ( Earya
graffil) %, T # KRB EH % (Camellia oleifera) , Il # K ( Randia cochinchinensis ) . %k 7K ( Loropetalum
chinense) 5, B AR S BN S EAH, UBRBHEY A T, 8 H( Dicranopteris pedata ). ¥ % #& ( Woodwardia
japonica ) ¥ B |2 8% & Bk ( Dryopteris fuscipes ) % , 5 S % W B 38 & 1 ( Miscanthus sinensis ) ¥ 5K K B ( Oplismenus
undulatifolius ) % ; J2 B M ¥ 3 # ( Smilax chinense ) F £ 3% ( Smilax glabra )% . FHRIr 6 4~ 10 x 10m* BIHE M,
S EFEAK (KT L HER AT RN . &S EA#THT. TRTRMOR 1R,
EIREXZEH OB FHBERANAENBRT(AKAT CCOZTRMBED T M0 TR A K
50.7% 44.1%) ,ERBERMRZLEINBRR . B FAKANBEBRBERERK, BT RREINBR, RAMN A
IR BRI RIARTE 200 B T W Z8H IR A 178,100 B T 16.6% ., MHBER KL ME
B 102 BPRUTRE BUAS S, HBE/RBAH Y (99 6.0eq m™?) . LM M TF 2003 £F 10 A #L, H3T BFEH
HETHERE. BERT 2003 4 12 AIRMA, 2 —MEK S, T 2004 F 10 B #1775 2 KESRE.

1.3 HBREl® ®1 XRFR
1.3.1 g %*’A EE _& ;’ﬁ Zﬁl?ﬂﬂ % Table 1 Treatment of each sample plot
J e 1 RREES 4b 3
(DHBEABRKT Som FKETHF, F  sunpl g Tt

BEAEE, TR AREEME W, 2 F 2 M Refl, Ref2  REEINEAI 45 E | No addition of limestone or magnesite
B ES, WEHE SRS Lo R o 8 BERAR v in (0 000 )
MRk, REREANER, TN ELHTRE, U
TR B

Q)LEMHHIN AEMEBPERPRERLREACN SRS, BHREIAFHRER® LHBK 3 4
Bk, W —FAERBMKE St R E, B RMARK FM 8. SHDBMBE 1 E440H
1000 4>, FAMLAETE 80 ~ OCH T RIEH, ME 4 M TE, H AW HEELE (K. Na.Ca Mg . PLALSHIN) BB,
H+ NEFERAK H,50,-H,0, HR KB E, xR WE A HNO,-HCIO, & .ICP 447,
1.3.2 GEMHAAREYRINE BELHEEEATARALIERED BN E, FFXBEHAR( < 2mm)#3H
&AL, A 6em HEM LS MEX HREHLE S 45, 2514 1T 1 0 ~ 10,10 ~ 20 1 20 ~ 30em =2 H 4
REYVE,
1.3.3 YHSHERE ESMERARILET S Imx Im M7, T EA R MY AT HEAZE, GEY
MAR RE . ZE ZENAHEYERSE HEITLEETEURE,

@ Lamssen T., Tang D. G., eds. Integrated Monitoring Program on Acidification of Chinese Terrestrial Systems, Annual Report of IMPACTS project, results
2003. NIVA report 4905-2004, ISBN 82-577-4594-4, 2004
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R EMT I HEER TR E LRIESRE I, 3 A Duncan BB EMBIFELBENESE B4,
2 #R

BB MERREEYBERESEROETMT, TUNSSIFRINFRNET RN D BRARAER
5 G |
2.1 XMERMEEm

AR DRMKERFHAREF 2T ET TEERRR, SRNER 2T, R0, IEHR
HEEMNE P REEARAEAESE MEHT P Ca M Mg WA REIEE, BE, Lyt
H OB R A B B K NaPAILSHIN S BREBEZAHBEENER,

S

%2 TRAEYDREKME
Table 2  Effects of different treatments on masson pine
Hiw i) S 4 HE IRHE R Fg BEH® t
Index Treatment Sample number Mean value  Standard error F value Significance ¢
[
1453 4 & DBH Increment (cm) Refl , Ref2 10 0.27a 0.03 '
Cal, Ca2 12 0.43b 0.05 6.760 * ¥ ,
) Mgl, Mg2 17 0.38b 0.04 :
Y194 M B Average Needle Weight (mg) Refl, Ref2 4 20.1a 2.5 !
Cal, Ca2 4 23,93 3.6 0.498 ns
Mgl, Mg2 4 19.9a 3.1
B A7 K & M ¥ Needle Number per Branch Length (1/cm) Refl, Ref2 12 13a 1
Cal, Ca2 12 13a 1 2,142 ns
Mgl, Mg2 12 11a 1
Y14 i+ Average Needle Length (cm) Refl, Ref2 12 15.0a 0.4
Cal, Ca2 12 16.2ab 0.6 5.806 * %
Mgl, Mg2 12 17.3b 0.4
4+ JC K 4 A% Elemental Content of Needle (mg/g) K  Reft, Ref2 4 5.18a 0.53
Cal, Ca2 4 4,74a 0.35 0.637 ns
Mgl, Mg2 4 5.43a 0.41
Na Refl, Ref2 4 0.17a 0.02 ‘.&‘
Cat, Ca2 4 0.13a 0.01 2.062 ns i
Mgl, Mg2 4 0.15a 0.00
Ca Refl, Ref2 4 4.87a 0.51
Cal, Ca2 4 3.54b 0.17 8.211 * ¥
Mgl, Mg2 4 5.27a 0.11
Mg Refl, Ref2 4 1.24ab 0.10
Cal, Ca2 4 1.06a 0.03 1.871 *
Mgl, Mg2 4 1.39b 0.04
P Refl, Ref2 4 0.72a 0.03
Cal, Ca2 4 0.74a 0.04 6.331 ns
Mgt, Mg2 4 0.80a 0.00
Al Refl, Ref2 4 0.21a 0.01
Cal, Ca2 4 0.25a 0.04 0.706 ns
Mgl, Mg2 4 0.25a 0.02
S Refl, Ref2 4 2.05a 0.13
Cal, Ca2 4 2.00a 0.07 4.176 s
Mgl, Mg2 4 2.35a 0.06
N Refl, Ref2 4 12.9a 0.7
Cal, Ca2 4 13.4a 0.8 0.261 ns
Mgl, Mg2 4 13.5a 0.5

BEKT Level of significance: * * p<0.005, * p<0.05, ns p>0.05:F4 4445 3 M EE M ZE R 2 Duncan B X E HLERB, WEFIER
FFRERAEREF (p <0.05) According to Duncan multiple range test, the mean values of three treatments of each index with different letters are

significantly different, at the 0.05 level

2.1.1 NBEMBEENEE BUOBEN .5 ARLESRERNEEEBERAHEEER (p <0.005)
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(RE2). HFEERRA, TEMMENE R UTRERDBMKMZMEEEL, N T X0 S RBRMEMAR
FlAbBp B, R R T 2 RER -, 1L 2003 E#FAENURNEDREMERESDERESTT
FEAMHT R (F = 0.290, p = 0.594 > 0.05) XA DEMMMEEKNE R D EMMEEBRHERNANE,
B RN RN ESNEERRLEMNER, #—P KL E R (Ducan %) RH , BoINE E 0 B D EMR
2B B KT AR, Kb, RMBET MK D RAAME T HINT 0.38cm, BUIN A KA K #
T 0.43cm, TiM MR MKZLHEKENE 0.27cm, HE , ZFRHBNAREERNWLEZE, D ER
MR BMESIHAEE,
2.1.2 MOEMEHMER NER2HARFRALETHIBRRTHHMKEFEREEZR (p<0.005),
T LA 2003 AEADEERTA B SR F M KENDEBHFAITHD T EITER(F=1.441, p=0.442>
0.05)&W , DRMAMANER M EHHKHWERABE, 23 —FZE LE (Ducan ¥), HMBET #H
Mo DRI K B 17.33em, 5T RER (15.04cm) LA B A K A KA HERX K 16.17cm, &L F P
B, 5 RABRMBEETEMMNEDRAEE, Wi ABEEBRXT HEMMH L F Y4 ERWA Y
MG RA ARKAEMNSET AN I RREMES50 1.18.7.78 1 3.75mg) HERH AR FE .
FRLGETIEMEM TESENRRFIEAWMERA(RER)  NEHHM Ca M Mg SEER B,
He BAaKaHER BT G SESHELAEERDE, (UR 3.54mg/g, iB/D T X AKX K 4.8Tmg/g
FIBET RN 5.27Tmg/go IR Ca WABMARMERE E4 0P H Ca S BN, RMAFRERK, A7
.4t Mg SEEARLAERMNEZRUREE, BMAKAREXKME M Mg F 8L 1.06mg/g, B B/D TR
FRER K 1.39mg/g, T X REEHH 1.24mg/g, &b T HRIKFE, R Ca RBMARBERERT S Mg T &S
2.2 XHAREVEWE W

2003 ~ 2004 FRFIABEEX AR EYRWE 1 vop 02003 122004
B, SXBHERKAL, 23 B RT, #INEKE Lso | 1O
RIS BB I B AR I B Bk (A R 1o |- & r‘%
BEKES 2 2 R A1) , 2204 B B0 B 11 A F AR % '—R@ Bl
AR, Kb BB R AR KRB § 200 [ 10.200m :
FRINEKE WK, 5 5+ 1 2 B AR SR 55 1t : 150 :
BT G E SR B o 800, S T 28 O ~ 10cm R, La £oul
X BRI T 0. 16ke/m’, TR NG KB BER 0 Tsfg% ' r;@ ' Tfiﬁ '
TR T 0.32kg/m’, 24T B X 41 10 R #2001 20-300m
K,EET 0.67kg/m’ 100 |
2.3 YR E R MR B W - R
LI ATE 1a /5, 76 B f+ 9 I 5 AL 3510 2 A A Rt M
— EREENEET LR (N 2 FR) A RE L
BEBMERNEENSEASITIET 3 AR S M, B4 L2000 FERLRAR LRI
PARAAIALTIOAR I8 TR gt s

BHING, MR ER - EFIRYE L RRYFR, LB R B, S IR Refl P HP BUR RS WA K RET,
FAERIIHI 9om I 31em, MZEMERE BT R REM Mgl o, 6em B MG FE T, ZEMG 180 JK G IO BEHL Ca2 71,
49em MG FIFIET . X F— 2R B ERYE L AW R, b 301 K2 K 0 B3 B ( Quercus fabri) , U B 7 41 R 19 18
O s FE XS IRAF 2 Ref2 SR 4lom 2 RS FIR 17em B EAR4D A0 ISR T- B0, THZE ME OSSR 0 1 M2 B
WPHEAMBHRGMBERRY . WH 2P F, LINLEE, ERRNLET HEKBRERALBEH
E 5, TR R AR,
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WA, TR T MR, I RRE L
R, RAEMELEEOFG BRERAH B Y
L ERINE 3 BT, RET AT 14 Bk,
T A KA AL R - 23 hn 30 Bk, MR P EAH
HEmT 2 Bk
3 ZigHitie

RILTLERNBEERN 125, B84 T —~HRHE
MAESBN . SYEFAMHAL, AREYE DSEMBK
HukEMEANMMELEAR, MEKN LRk
AR TREEREEHBHE Y NER, B
k, BMARAMEZEET YT UREDRLPES, #
BORBMERE T, XMHRAR T LAERMETH
ARERWHR, EEE BR RAFEH N BR T 2
( Picea abies ) \BR W 7% #2 ( Pinus sylvestris ) F1 1L & 8 ( Fagus
sylvatica) R EW R P EIM, R TEHRZ Mg B9 1% 5L
T, BMAZAMAKAFALIRARNEKERR
ERER, XHERHER MR ESEOHEE .S
18 5% 8 LA B R U0 R S AIE R + SRR 1L R BE X RN o

BmMAaRKAMEET N ERMATERBNELR
BRZHENE —ERRH: ERRE L ROEF RN
MEEMTHEEHA R TR, BEROMRGWRERRE
BlMEEEFE T, A BN B AR LR A K HE
M F 3t BRAE . [ Bt, AL B AR B M FAE LA
HEKXAE TR, 280080 2 1678 Bk 3 B9 of
KOV hhEERR. HHARRA, BMBEENT
B FTRESRENBE ,(H R Tt o] RSB &
M FE R MR E RN, XETREIT KB ELR
I 5 B R B E

FMIARATHEMBEN, ENMESRENEMRAL T -ERER, FII0, S 0ZRTH K AR
AR AD RS BB B KT XY A, MM A KO T HREKF . BR, BSRME T Ca Ml
Mg B8 B, EA RALERM PR UNTRMERED 8, 1 BT R, IR\, BMaKa8 s
BIERI(LLIN S Mg BRE) AR AR, BINEET WAESBMATBEENF. X T CaCO, M MgCO, ML T i
165 L o A0 S TRV BE L MG B B A S0 R LSRG, R R R E o — 5 58 T AL B A R oy 1 2 A A f
M BETESM. B ATHREANHRRKPNNZRARE, TR ELERNBLEAR, R
FETREEHBEEN, LR HEOAFEARBE MEFETELROAS DY, THEFEEKKE),
He 75 5 G 149 S 35T R L R S 0 R T BB 2 2 A, BT AR i IR R R T &

References :

[ 1] Ulrich B, Mayer R, Khanna P K. Chemical changes due to acid precipitation in a loess-derived soil in central Europe. Soil Science, 1980, 130: 193 ~

199.

[2] Pitelka L F, Raynal D. J. Forest decline and acidic deposition. Ecology,
[3] Gorham E. Scientific understanding of ecosystem acidification: a historical review. Ambio, 1989, 18: 150 ~ 154.

02003 £ 2004

30 7 ¥ Miscanthus sinensis

:.-.‘:n .
Ref Ca Mg
KX Plots

B2 2003-204 FEREXEFZRBPREER

Fig.2  Abundance of dominant species in herbaceous layer of each plot
during 2003 ~ 2004
RELERAHRMEIR Error bars show standard errors

Bawp ;

W
(=]
T

<Som AR
8
T

Number of seedlings lower than
) )
T

Ref Ca Mg
FEE Plots

B3 2004 FREHHR
Fig.3 Number of seedlings lower than Scm in each plot in 2004
PR FRIRMER Error bars show standard errors

1989, 70: 2~ 10.



http://www.cqvip.com

FO OO hip/iwww.cqvip.core

792 £ & ¥ # 2 %
[4] HunRF, Zoul H W. Liming as a mitigation tool in Germany’s declining forests reviewing results from former and recent trials. Forest Ecology and

[6]

[7]
[81]

t9]

Management, 1993, 61: 325 ~ 338.

Lundstrom U S, Bain D C, Taylor AF S, et al. Effects of acidification and its mitigation with lime and wood ash on forest soil processes: a review. Water,
Air, and Soil Pollution: Focus, 2003, 3: 5~ 28.

Hindara A, Wright R F, Nilsen P, et al. Effects on stream water chemistry and forest vitality afier whole-catchment application of dolomite to a forest
ecosystem in southern Norway. Forest Ecology and Management, 2003, 180: 509 ~ 525.

Htittl R F, Schneider B U. Forest ecosystem degradation and rehabilitation. Ecological Engineering 1998, 10: 19 ~ 31.

Solberg S, Tveite B. Crown density and growth relationships between stands of Picea abies in Norway. Scandinavian Journal of Forest Research, 1999, 15:
87 ~ 96.

Ljungstrom M, Nihlgard B. Effects of lime and phosphate additions on nutrient status and growth of beech ( Fagus sylvatica L.) seedlings. Forest Ecology
and Management, 1995, 74(1-3): 133~ 148,

[10] WuZ Y, ed. China Vegetation. Beijing: Science Press,1980.

[11] Duan L, Xie S D, Zhou Z P, et al. Critical Loads of Acid Deposition on Soil in China. Water, Air and Soil Pollution, 2000, 118(1-2): 35~ 51.

[12] Carpenter SR, Chisholm S W, Krebs C J, et al. Ecosystem experiments. Science, 1995, 269: 324 ~ 327.

{13] Beier C, Rasmussen L. Effects of whole-ecosystem manipulations on ecosystem, internal processes. Tree, 1994, 9: 218 ~ 223,

{14] Wright R F, Rasmussen L. Introduction to the NITREX and EXMAN projects. Forest Ecology and Management, 1998, 101(1-3), 1~7.

[15] Yang Y S, Jin T, Zhao D W, et al. Effect on soil water chemistry after limestone and magnesite application to an acidified forest soil in Chongqing, China:
a preliminary study. Environmental Science,2006.

[16] Hallbacken L, Zhang L Q. Effects of experimental acidification, nitrogen addition and liming on ground vegetation in a mature stand of Norway spruce
( Picea abies (L.) Karst.) in SE Sweden. Forest Ecology and Management, 1998, 108: 201 ~ 213.

[17] Olsson B A, Kellner O. Effects of soil acidification and liming on ground florg establishment after clear-felling of Norway spruce in Sweden. Forest Ecology
and Management, 2002, 158 (1-3): 127~ 139.

[18] Duliere ] F, Carnol M, Dalem S, et al. Impact of dolomite lime on the ground vegetation and on potential net N transformations in Norway spruce ( Picea
abies (L.) Karst.) and sessile oak ( Quercus petraea (Matt.) Lieb.) stands in the Belgian Ardenne. Annals of Forest Science, 1999, 56(5) : 361 ~ 370.

{191 van Dobben H F, ter Brask C J F, Dirkse G M. Undergrowth as a biomonitor for deposition of nitrogen and acidity in pine forest. Forest Ecology and
Management, 1999, 114 (1): 83 ~95.

$XLR:

(10] RIER 4. 1980. TEMEH. 67T F2EHRE.

(151 #HkzR, ik, BRY, %, WA RKAMERT BTN L SR RE WY H TR . FHEBLE,2006.


http://www.cqvip.com

