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1 F M (Pinus sylvestris var. mongolica) Z WM FM (Pinus sylvesiris) 2H7 ik &K oy — 4
WELH, RRAPFEFEALZE (S 50°04) FAXZREENERARDHER
(LR EDH), BFRUXLTE, REFRBFLERRFRECRIRELTETEADK
B REDHR, RE/ EFHHHFR, KERFEAAMAG ZERFH, B 20 #2450 FRT
TEHRIMABTFNEDEARRERT UK, ATRFRARRE T 4RE, Z KRBT T,
NEL. BB, HRFHFBEL 1344 (HKEK) 300 54NE (#) AR, EH 20
HL90 FRUK, REFIMANDHBETFRATIHRIATAAEENTRIANE, FEATHRE
Y, SHER, BFRATERMAELFTE. ¥ TERRAEE®R, Bk, W
DHEFMATIHARRGRE, WEHRAEHEN, BIARNHELR, SHATHLELE,
MBEZFFARATIHEZEHEELRE X,

(DHREFMATIHARENF) BETNERTENERAERALSFRAAL£A
ITRGHMARRNER, BEEEEZTABKYAREIRNREE, AL AL FTHEX
Mgk, BRER/B¥E2 T ERER A PAF IERESEHRNER L, XETFRHE
A DHETFRNGIFHERE., PHETRARESEKATNEEHTTL2EASE, B
AP HBEFRAIAEN., £XEFY, IRTIHBTFRAIARTENTESML, ¥R
REURFBEAKS. T EmiE, ZEhEat, RETHRBETRAIHKRNRES
MAEXNEER . HEAERHBR PR ETFAATIHRNEEZER L ETERREH
Ao

EAFHREEHZRF, REGEZXRFTECHAER, FEXRBREFARIEZOLNA
FRR AR E AT/ P AR AN TR,
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T4 (Pinus sylvestris var. mongolica) , KIBHREH R, HMA (Pinaceae) M EF (Pi-
noideae) B (Pinus) X444 KM T B (Subgenus Pinus) Wi # 4 (Sect. Pinus), # & Ak %%
(& 50°00 k) FAXZRERNFRNRPHER (SEREDH) W RFERRLIAFR, 5
FEETEFAMAHL, BRETFRNRAKISERAANERERD, ELRAARENRE, &
ELWAHBIBEARELAERRAEN, X EAMTHRE, HARE, £ TVH, XHRIAHAE
VEER, B, £PELY, ARETE. ¥ TERDRK, CLRAEEH RE D, KE/
BBk, KEREARFHAARN EERB,

DHETREF M EEHE 20 L 50 F£RW, 192 FRANMARKRTFATELFALERS N
RERBH AN E, FF, TEAARBFTAATEAEREEFCRELT “IAT4FEF6HE
DRARRB " (AIATEEDEARFR), 1953 FhEH¥ERMAL LBEAR (1987 £E 4
PENSRAMBEALSHRN) CRAZBELFRABNFR T, PHEFARI R THLT
1955 54, PER¥EAL LI EAXRFABRATIAH AL T H AR R S HASIM 22 FLETFAY
(6508 #) Ful1 FAMFME (3889 %) FHARDPUATEL (ATLHEREZEFEA—HAER
WLSkmAWEEDE); BEKE, AT4EFTCEDERR B LHTTHET AT M AR
B, ATAE THRFREDERNER, 5IRRBU SRS G, BENERALHRXE), #1978 £
= (K, B, K= h) FEARERTIEZEREFUR, FFATT. WELH. KA.
HAFFEBE 134 (BHE) 300 AR () FIHRBERETRY, FEZLRPEFHX
RESIH B, BAXL%T, 2EDPHETFREHRALZ 3.0x10° hm®, X S F WX EDAE
ZASADBRRETEANEARN, EF 544 KH, BW, ITHHREE T HENDHETH
AIMEHREEXLSx10°hm’, R, H20 L0 FRWUK, RREUMANIATEBRELES S
HEHDHBETFMATESRBRATEAZE. £KEFHE. o E, ALK ATHATHRER
A%, AEERET, AT43.83x10°m’ BEFRATZED KT EA2.50x10° hm®> R AEFR, &
65.27% ; HAuHLMXLHATENERL, BFRATEHDP AN FER O PEAF TARALSWE
Hahk, 2ERETIHLUH 2N DHETMA THREHEE, L EEAEHBEFETELRSR
%, ZBEHL,FECEHEWPRHEATEY . AT, ENFEIRETFRATIRRPELY TR, +
FEVRAEHRE . OXWHERRARAEXNERELIHAIRES AN RED 4, B
A ARERDHEFRAIHAER, BRHANEHRIGHEE, BRETHIHRETFRAIHKR
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BRAGRFEELEERAMELERNA, EREEARAFHEAXREN,
HERADHBEFRAIHARBENEE, EFHLELEIRMDHATIR, 820 #4290 £/
Bk, PERFERABNALEATFRIALESIRARATRTHEFR; LEERBELHS
EFEETER “NE” BRAXTE “AAFFHRAELEERERAAE” (1991 ~ 1995,
EZRE ., RHBEH), EXERANFELTE “BIRATEDPKBRZEAR” (1994 ~1996, %
Rig %), “BOMREERMBHALR” (1996 ~1998, ERE E#). “BIRXREHESE T
%7 (1998 ~2000, YEEEH), FER ¥R RAFIREEFHHE “BAATAMKER P
HEBPERTHELERL” (2002 ~2005, £HEEH) L4 FLERTFRERNNF PRFR
R, HENARIENTE, EEERNZTIARARNALREHREHE R, AT4EREEY
8. UTHERAMRFEHBETTENMNREHE. K, SAARTFLAREFHERNAREERNTLRE
DH#JATTEE, AFRTAARBEDHEFRRGLRAR; B, 574 EDEAKF L.
ATERD R FARFFALTEIREARAALE LA NE, FRAEDHBEFAAIAFERERN
WRIF R, Fi, WFERERARNALERHRFATAD RESLRSE AEE, BT Vi
RINBAEGRBEREN,, AHESTARGER L, 2WTHORBEFMAIHKEY., £4AEY
W, RETOHRBTRAIMRZERNETERE, FRAE, ER TV HBEFRAIHAE R AL,
FATMAEWIE, EhEaE, RETHUKRELEASE, HEKKL, ZHRLEXEZERHERLEL
RGBT AANRLBEE RS RARNAIKE, AVRBETFRAIRIARLRILGESHHE,
KPRV HHAEKNEERFETF, KABXAFPHTARD HEERINETERE, $5H
BABMERR, BHRRNDUEBADEEY;, 4 hkFHRLEBEXERA, LBEKERANNR
TAMEBEEK. BTRFREDHRLEEABENRD (HERE), RERAEL KA TLREF
RE|ASME; TWHTAEGTE, ELEAIRUBIEHEHEAFEME, ATimELE A
T, FTHBEEMAEFLEKNALER, XRERETFRATEDREKFRY N REE, &
EEWNRE, B TAPHLAE, R8FEL. REY SNEERE) £X00E, FARPER, &S
REF (AARRFERE) . & (BHE) FE£BN, B4, BFHNEW, 2AETHEY, %
ROABIRREFREIRWAIHAREBRETFNZRIERALEAL SR EFANFE; LEER
KEBEBHIHETNEL S TN XBETFZ—, TSR A WM ELUTVNBIBIAELE RS
HRH, BARERENEERETL, H4F. REROFE —SBR4, PHEFH (LEFL
HEFH) FEAKARTREL WY, ERTESELAY, WEIBSAEGEE (HabREW
N47°35' ~48°36", E118°58’ ~120°32' 2| ¥ # & N42°43’ ~43°20', E122°22' ~123°22"), JHA & 7%
FURUMBRNFASTFHEERITH, N EIRMAAREREEWEX, A ARRKNAKEY LAY
T, £k¥ b, EHFFEARBARGIHREA, BEXR,; EEFREREFRBR G EEHS
FTRHREIMEEIFEZEN AL, BEEMAHNE; B, §AEFRAEANEKREYRYET, &
BHEEREAHOEE,
MEARYUEEELEFECHRRNIHBETAAIHAEZINEAA N TFROGLAEZL, HAES
HRBEWABIBRANREF HARS; Bo, AANEREY, BAKHORKES, £HEK
BRIE, WABHAFRSEA LREERAREDBENRKTRESRE R R E, B, EXFELT
BAATXELRENEHERT, PHEFRAIARESZE TR AL th £ 9B R KR E R H
AHFATNRARENGEREBEY VA RN RANAD KT, HPWAEF AT, hofo L B E
BERERRANBRERAE, PHEFRAIHRS I E N AR SEERD QR A m, By
AHENMAANNO,” -N, M NH," -NEMUFHEARB N EATEN; FRAREIEEZNKBA
FEREWZER, AHEMMAHMENLENH, -N/NO,” -NEHFEENYH, MEERKERME
#NH," -Nfw/NO,” -NEBRRAES . VAEFRAIALENAREREZY, ERRAL TR
HRAFEBHNTUREATMEGHN AEEE, BaLAAKBBA, £ NH,* -N#4% NO,” =N
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W AR, DHEFMA TR LR LB ERREEHRK, 280 %0.05~0.18 mg/g, RE
HEEEEH 1.50~2.24 mg/kg, A THELERFLENRMAT, ERRNARMEE, RXH
SR AHN0.5%, NDHMTRETHFLBARKRKEE, ETRHATHF N, P, K, Mg &
RUBEZRILTEERY TR WS, BEFRWEMPUETFIRRRERINETS (G
HFABRE) WERABTHRYRE, B, TURKAEE TG RRMERTRAEKHE N M, K
FREANTEFRDAA LWES RBBME, F4, G5HOREFRXAAALEIERSIUELA,
EEOHEARFRAIHNLIEAN TR L ERFR AR KT OLRERR G RBHKLE, &7
RAIHLIBANENGEFRT, TREREARFLS TR, k#; dTHR2NAE, FAREER
B.REERE; RTRESEBMINATEIAERN S P EERE,

FARIBEUARENDHBETFRATA (EE6) EREFE (LHFRE) HDHET
MRS, BAURNREMERR T, TEMEY (BH. REEMEE) KBS H2FRZE
FEEFNMHRXR, WHEARYD, TEBENKEEN, —2FRERK; ELBRENHE
EHHAREAETIMHK (EFE) WEFR (ZRE) ERWIOFEL, DRETRAIHR
AHENBBNB D TERNTTEAHRIILZN, WRDPHUBTRRULEFHALERFIERES
SHURIA, IIMEMARBEDHBFRAIHRRKTREHAR, ARRDHETFRNSIEFTREA
FEM#E (-1.20MPa k%) g (>37C) FHTARAKIATHES, LA EERE
BEWRDBATTRERED BT RAIHAFRAX-MEE,

B, WHBFRIMROEEIFERE, wHRSFRNABKTE, K LEKNLETERR
REWREERENEE, URRFBEDHBETRAAIRFEENTRER.

ETOHEFRAIARRENSH, PHBFRAIRLERNEER T AN ENKE LS ¥ RE
it R RE, HREEYHERREL, EHERERNEND B S DA THBER
B, BASFREREENEFLNESHKT M NERRE, NDPHEFRATEM G T H
BHK, RPN DRBETRERRENTHREY, HEVWENTERASNEZEEF, HEL
BARDHETRAIRRERAARYBFRESRE, IREEERIRARER THBRAEW
HARE, RRRDHAELRTHANF TEAGLE, REAALEAFSL AW AR RAE
w, ¥TEAEXAAMRNDBAESRARSNTIRBEN ARAERNEGER, ERXAAN
THROAHT, IHTRBHELLBRNH AN ZETULE N, ER, EATHEBERY, 0¥
HEFMAIHREIIRGHE, EERZENRT MO ANEDHE, EXHATHBRES
WRENE, REAENGEEN (DRETHR) TRLHARREZR WAL, THAREH T Y
ABRK, Bk, BEMMBERALACHARE, AXHFATHRERDSANTH, FHEKK
Bo; RERBRESOHER, BHATRIAETRER, TLENS LHBRUBHNER, EEAR
LTHEAFMRBEOWE, EPHESRERXLTIRBRE, W “BHRER” FHRE. 54, Exg
EREBENETHRABAESEHTRE, A5 HNARM - EES LU ESKIGRIIUH
WaEM ., £58HKE,

NHTENAAND BT RAIKRNECZERAUTIANATEAR: —EAACRE AL
P, WREHMERBNARL, TEREARBETHET. BEAXRBNASNEHRUERES Y £
WHEBE, HAETRIACEHIDHNRE, ARER LERLEART,; ARBAABREL S
RAERT AR, —RATAENKRRERBNAS, BTABRDP BT REAREHLAAE
WARE, XFEFRARPHTFAREREAR (ZELE: BRARARK., HRRER), #AF
HAEKEBHARFEERERLE PHE, ZEXTRREFEERAENAL, BRELHEHK
R, wHERBUNEE., BR. EF5ERRIBIEFRAIAXALER. RRER, HEAN
R LR TRERZREST AN —; BFAREEATRETFRLEHR, ATFRTRERYEHE
RAFE&EBRERAER,
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AHR-BARRUAFELAEST, IETHREIPAIBRERMEZERRFENERELE,
ELHEHNE, BFTRFFBIANTFEARRADHABTRA, MAESHEETFRA (DlH
HFMRBAR) HTLBHFE; Wb, AFUREIHE (RERDHERFL) WORBEFRAL
HRAZEFENE, HARARFIHADHBIFRATIRRARTRETR. IARELRE, #i
EHDHBEFRAIAZERORNEFNEL ERAFRE, BUEDHBEFRAIHRARAENER
RBeJi o

LFHAREERGE, RASTIOT: AEERARREARNHIT, Wie. $=F, F0%
W FLFH, FLENRN\ERY; BERARGEE %, %, FEFHL, 24K
FmL; RfZAAREETE; YREARATEAE,; EXTFREENESRD; RAF BB
ERELERD; ®RE MXRWMHREFZLEND; KRE, W ARBREEAEHL. 250
MARHELEBR, REBARE . FRF. REREH; TIE, KeS#TT XFLAE,

AFARREFALLA¥R, PEREREI W AAHABETEZFRAGF, ERFHKZ
Br, EMAMARTRTIROHRN. ERXRFNRELREF, TEHATAFSELENHAERR, R
HELZTHXFANE A XER, SHEXRINTLHERE; ik, IXREFMNEULRYHE,

ALEZPERFRAFRAUFTLEEE Y WHE (KZCX3-SW-418) . ¥ ENEK “II#E A
HAA (BAWRD” HE, AT74 AR %Ee (BLES) MEREKBFEXES (30371149)
WEREE; B, HPRARSRA0EFRTFERFRAMEHEAHRTIRLAESIRARL
(BFHIEL) BATHERER, £, BMNERELE—GAY, RERFEN FRMKL LH
PR (PEMERAENAESHRN) ESOFME N D HETRALHSI M, FRE2EH
HARKNTAMERMIHEAR XTAEEENFLRRFARNAR, HECRRIABEEHE
H, A5 REHHRRGE-LEL,
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Decline of Pinus sylvestris var. mongolica Plantations on Sandy Land

reface

ik

Pinus sylvestris var. mongolica, a geographical variation of Scotch pine (P. sylvestris) , naturally dis-
tributes in Daxinganling Mountain and Hulunbeier sandy plain of China, and parts of Russian and Mongol
(N46°30”-53°59", E118°00°—130°08°). P. sylvestris var. mongolica is a strongly cold — resistant and
drought — resistant tree species, which can grow healthily in infertile soil, although its natural distribution
range is narrow and its stocking volume is low compared with most forest tree species in China. In addition,
because P. sylvestris var. mongolica has straight trunk, can grow on sandy land, and can shelter wind and
fix sandy land, it has become one of the optimum coniferous tree species for constructing protective planta-
tions on sandy land, farmland and grassland in “Three North” (Northwest, North and Northeast of China)
areas.

The introduction of P. sylvestris var. mongolica on sandy land can date back to the beginning of 1950s.
The first introduction of P. sylvestris var. mongolica to the southeastern Keerqin sandy land (N42°43.508’,
E122°32.89') was conducted by the researchers from Institute of Forestry and Pedology, Chinese Academy
of Sciences (The current name: Institute of Applied Ecology, Chinese Academy of Sciences. ) in the spring
of 1955. After the primary success of the introduction, P. sylvestris var. mongolica plantations on sandy land
have been established in northern China, especially, since the “Three North” ( Northwest, North and North-
east of China) Protective Forest System Project ( TNPFSP) started in 1978, the tree species has been broad-
ly introduced to more than 300 counties, belonging to 13 provinces, such as Liaoning, Neimenggu, Shanxi,
Gansu and Xinjiang in the “Three North” areas. The plantation area of P. sylvestris var. mongolica on sandy
land in northern China had reached more than 3.0 x 10° hm®. These P. sylvestris var. mongolica protective
plantations have brought marvelous ecological, economical and social benefits to the sandy land in “Three
North” areas. Since the beginning of 1990s, however, P. sylvestris var. mongolica plantations in the earliest
introduction area ( southeastern Keerqin sandy land) have declined, which are characterized by top with-
ered, lower growth rate, dead stems occurred and no natural regeneration. Investigation reports indicated
that 2.5 x 10* hm’, i.e. , 65.27% of the P. sylvestris var. mongolica plantations in Liaoning Province, had
degraded. The similar situation has taken place in other regions in the P. sylvestris var. mongolica plantation
areas as well. Thus, the P. sylvestris var. mongolica plantations on sandy land in northern China were
threatened. Moreover, the further P. sylvestris var. mongolica plantations are planting in arid and semi - ar-

id regions in the north of China. However, the natural forests on sandy land (i. e. , in Honghuaerji, Hulun-
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beier sandy plain in Inner Mongolia of China) have showed a very healthy situation at the same growth stage
of the plantations.

The objectives of this book are trying to explore what the decline mechanisms are through summarizing
the research results of many research projects related to the problems of P. sylvestris var. mongolica planta-
tions on sandy land in the recent decades. The major projects presented over by the authors of the book from
Institute of Applied Ecology, Chinese Academy of Sciences (CAS) since 1990s included: Key National Sci-
ence and Technology project in the 8" five-year planning, Management and Improvement Technology for Cur-
rent Protective Plantations (1991 — 1995, presided by Fengqi Jiang and Jiaojun Zhu) ; 3 National Nature
Science Foundation projects, Stability of P. sylvestris var. mongolica Sand-fixation Plantations (1994 -
1996, presided by Fengqi Jiang) ; Foundational Management for Sand - fixation Plantations (1996 —1998,
presided by Fengqi Jiang) and Obstacle Factors of Natural Regeneration of P. sylvestris var. mongolica
(1996 — 1998, presided by Dehui Zeng); and CAS Knowledge Innovation Research project: Degraded
Mechanism and Sustainable Management of Typical Timber Plantations and Protective Plantations (2002 -
2005, presided by Jiaojun Zhu). For the requirements of these research projects, many experimental sta-
tions and field plots were established in Gangika, Keergin Zuoyihouqi County of Inner Mongolian Autono-
mous Region ( Daginggou Ecological Station, Institute of Applied Ecology, CAS), Zhanggutai, Zhangwu
County, Shuangjingzi, Changtu County, and Kangping, Kangping County of Liaoning province, respective-
ly. In addition, for the comparisons between natural forest and plantations of P. sylvestris var. mongolica
originated differently, many investigations had been carried out in the natural distribution area of P. sylvestris
var. mongolica forests, i.e. Honghuaerji, Hulunbeier sandy plain of Inner Mongolian Autonomous Region,
China. Moreover, experimental demonstration plantations of P. sylvestris var. mongolica on sandy land, i.
e. , sparse — irees distribution in the grassland, were established in Daginggou Ecological Station, Institute
of Applied Ecology, CAS. Meanwhile, the projects were cooperated with Institute of Sand Fixation and Af-
forestation, Academy of Agricultural Sciences, Fuxin Branch, Liaoning province and Technical University,
Liaoning Province etc. A series of research experiments and observations related to the degradation mecha-
nisms of P. sylvestris var. mongolica plantations on sandy land were conducted during the researches of the
projects.

Based on the integration of the research projects mentioned above, this book summarized the compre-
hensive situations of P. sylvestris var. mongolica forests/plantations on sandy land. The book tried to answer
the following question; Why did large area of P. sylvestris var. mongolica plantations degraded? What are
the mechanisms? How to stop or avoid the decline phenomena? What are the development directions of P.
sylvestris var. mongolica plantations on sandy land and how to manage the plantations? The contents of the
book included; Distribution of P. sylvestris var. mongolica forests/plantations on sandy land, Introduction
and culture of P. sylvestris var. mongolica, Characteristics of the growth and development of P. sylvestris
var. mongolica forests/plantations on sandy land, Decline characteristics and environmental systems of P.
sylvestris var. mongolica plantations, Decline mechanisms of P. sylvestris var. mongolica plantations from
water balance, nutrient views and microbe views, respectively, and Management of P. sylvestris var. mon-
golica plantations from ecological views. These contents gave the analyses on the biological and ecological
adaptation of P. sylvestris var. mongolica plantations on sandy land, summarized main characteristics and
law of its decline, and elucidated the decline mechanisms from views of water, nutrients and microbes.
Based on these results we appealed to ecological management of P. sylvestris var. mongolica plantations on
sandy land according to the advanced management theory and foundational laws, including restoration of
ecology, mext — to — nature forestry, management of forest classification and management of forest ecosystem.

There were three obvious decline features for the P. sylvestris var. mongolica plantations on sandy land
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comparing with the natural P. sylvestris var. mongolica forests on sandy land, i. e., first, the plantations
could not regenerate naturally, but the natural forests could regenerate very strongly; second, the decline
phenomena characterized by top withered, lower growth rate and dead stems in the plantations, but very
healthy in the natural forests at the same development stage as the plantations; third, the mature age of the
plantations was about 60 years shorter than that of natural forests.

Aimed at the three decline features, many experiments and investigations such as long term observation
of soil water in content and ground water table, effects of water conditions on germination of P. sylvestris var.
mongolica seeds from different provenances, eco — physiological characteristics of P. sylvestris var. mongoli-
ca plantation saplings, heterogeneity of soil water for P. sylvestris var. mongolica plantations, transformation
& efficiency of nitrogen & phosphorus in P. sylvestris var. mongolica plantations, effects of ectomycorrhizal
fungi inoculation on growth of P. sylvestris var. mongolica seedling, and effects of nutrient, pH, drought
stresses and temperature on growth of ectomycorrhizal fungi in P. sylvestris var. mongolica plantations etc.
were conducted in series. The major results were summarized as follows.

Water is one of the most important limiting factors to the survival and growth of trees on sandy land.
Water in sandy land mainly comes from precipitation and underground water. Precipitation of long term ob-
servation showed two traits of low amount and convergence in Keerging sandy land. During the growth peri-
od, tree transpiration and soil evaporation were very strong, thereby soil water became less and less, and un-
derground water table became lower and lower, which was difficult to support the normal growth of P. sylves-
tris var. mongolica. This may be the important and direct cause for the degradation of P. sylvestris var. mon-
golica plantations on sandy land. Due to water shortage, the balance in nutrients and microbes (ectomycor-
thizal fungi) was broken, and the growth potential and the ability resistant to diseases and insects, e. g.
Sphaeroapsis sapinea or Diplodia pinea ( pathogenicity) , Dioryctria rubella (splendid knot — born moth) , de-
creased. Furthermore, the traits of biological and ecological adaptation of P. sylvestris var. mongolica indi-
cated that the factors of water and temperature were significantly different between the natural distribution ar-
ea and introduction area. Especially, the exireme lowest temperature is one of key factors determined wheth-
er P. sylvestris var. mongolica could adapt to grow in the introduction area or not. Generally, it is natural for
many plant species that their inherent genetic characteristics will change to acclimatize the new environ-
ments. Their survival, growth and development will be limited when they are introduced to non — natural dis-
tribution area. P. sylvestris var. mongolica on sandy land (including mountain P. sylvestris var. mongolica)
naturally distributes in northern China, where it is rather cold, e. g., Honghuaerji ( N47°35°— 48°36",
E118°58°-120°32). However, when it was introduced to Zhanggutai ( N42°43°—43°20", E122°22"-123°
229, the latitude decreased 5 degrees, and the summer became longer, therefore, the growth processes were
accelerated. However, P. sylvestris var. mongolica trees could not use the water and heat resource effective-
ly, so the original life rhythm or the dynamic balance of P. sylvestris var. mongolica trees was broken.
Therefore, the growth and development laws of P. sylvestris var. mongolica in the plantations were changed,
which gave rise to shortening its life cycle.

The P. sylvestris var. mongolica plantations at Zhanggutai in the southeastern edge of Keerqin sandy
land has been seriously disturbed by human activities. For example, most of the litter had been moved out
from the plantation stands. Meanwhile, the productivity of the herb in the stands was also very low because
of the long — term grazing, i. e. , most nutrients had lost through those mentioned activities and wood har-
vest. Therefore, the nutrient resorption of needles and the nutrient use efficiency of trees in the plantations of
P. sylvestris var. mongolica on sandy land would affect the nutrient balance of the whole system, which in-
fluenced the productivity of vegetation, the growth rates and the health of the plantation stands. The availa-

bility of nitrogen with nitrate form in the plantation soil increased with the stand ages, but the nitrogen with



- 4 - Preface

ammonia form didn’t vary with stand ages. There had significant differences among nitrogen availabilities of
soil in different stands, especially the characteristics of tree species had important effects on nitrogen with ni-
trate or ammonia forms in the soil. It was found that the transformation ability of nitrogen from ammonia form
to nitrate form increased with stand ages. The rate of nitrogen turnover in the plantations indicted that there
had stronger nitrogen mineralization and higher nitrogen turnover rate in near — mature ( more than 47 years
old) plantations than that in half — mature ( about 30 years old) plantations. Both total phosphorous and

available phosphorous of soil in P. sylvestris var. mongolica plantations were very low, i.e., 0.05 -0. 18
mg/g and 1.50 —2.24 mg/kg for total phosphorous and quick phosphorous in the surface soil, respectively,
which were at the lowest level among the phosphorous contents of soils in China. From the view of nutrient
resorption efficiency of needles of P. sylvestris var. mongolica trees on sandy land, the resorption efficiency
of nitrogen, phosphorous, potassium and magnesium in needles decreased with stand ages. Meanwhile, the
nutrient use efficiency also exhibited the declined trend for the above mentioned nutrient elements with stand
ages. Therefore, we deduced that the characters of degradation on nutrient utility had displayed with the in-
crease of P. sylvestris var. mongolica tree ages. On the other hand, compared with the natural P. sylvestris
var. mongolica forests, the soils of plantations at Zhanggutai had less soil organic materials and lower activity
of soil enzymes, especially the soil organic materials of plantations significantly decreased, which might lead
to lack of nutrients and nutrient imbalance. The nutrient imbalance would make the weakness of tree vigor
and cause the pest outbreak, which could be another important cause that led to the degradation of P. sylves-
tris var. mongolica plantations on sandy land.

Wherever in the plantations at Zhanggutai or in the natural forest of P. sylvestris var. mongolica in Hon-
ghuaerji, we could find there had close relationships between soil microbe biomass and stand ages, i. e. , the
microbe biomass increased with increasing of stand age at first, and then decreased at certain ages. The
maximum of the soil microbe biomass in the plantations had reached much earlier than that of the natural for-
est, at least 40 years. It was found that the decrease of soil biomass in plantations were mainly induced by
drought and high temperature. The comparison results of ectomycorrhizal fungi between plantations and natu-
ral forests indicated that both the number and the diversity of ectomycorrhizal fungi in the plantations were
much lower than those in the natural forests. In particular, most ectomycorrhizal fungi strains collected from
the P. sylvestris var. mongolica plantations could not grow at the drought stress ( —1.2MPa) or under high
temperature ( >37°C), and could not survive at the drought stress ( —1.35MPa) or under high temperature
( >40°C). These matched the site conditions in the plantations. Therefore, the decrease or the death of ec-
tomycorrhizal fungi might be another cause that led to the degradation of P. sylvestris var. mongolica planta-
tions.

Additionally, other environmental factors in the introduction area, such as chemical elements in the
precipitation ( nitrogen sedimentation ) , the outbreak and harm of pests and diseases, and the high stand
density etc. might also contribute to the degradation of the P. sylvestris var. mongolica plantations.

On the basis of decline mechanisms of P. sylvestris var. mongolica plantations, the trend of management
for P. sylvestris var. mongolica plantations should follow the principles of restoration ecology and near — nature —
forestry. According to the succession theories of plant community, we should pay attentions to the relation-
ships between the environment conditions and the adaptabilities of tree species when we introduce new spe-
cies at one stage of the community succession. The primary purpose of introduction of P. sylvestris var. mon-
golica to sandy land was for establishing windbreaks and the sand — fixation systems, and the notion or the
aim of the management for P. sylvestris var. mongolica plantations was to form a large area of forest ecosys-
tems on the sandy land. However, the notion disobeyed the natural rules of plant succession. The climate at

the southeastern edge of Keerqin sandy land is typically semi — arid, according to theories of traditional ecol-
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ogy and classical succession, the climax communities should be steppe — savanna and meadow steppe. Such
climax communities might come true if there would not be disturbed by human activities for a long time.

However, during the establishment of artificial vegetations, e. g., the introduction of P. sylvestris var.

mongolicaplantations into sandy land, which formed a special community there, the primary dominant intro-
duced species might exhibit the phenomena of degradation or death in the process of the artificial vegetation
(P. sylvestris var. mongolica plantations) development. This decline phenomenon should be inevitably for
the whole system. In such circumstance, the disturbances induced from human activities should be reduced
as little as possible, and let it develop naturally, or take some measures, e. g. , reduce the area of the pure
P. sylvestris var. mongolica plantations, and paying much attention to the native species, controlling the
composition ratio of plantations in order to accelerate the system to develop towards the succession climax
community.

We should consider the problems of management for the large area of P. sylvestris var. mongolica plan-
tations on sandy land from the following three aspects. Firstly, for declined stands, they should be cleaned
and conserved. Because there had the vegetation layer formed by herb in the degraded plantations, conser-
ving the land of the declined plantations would fix the sandy land, and make the community develop natural-
ly, or take some measures to make it develop towards steppe — savanna. Secondly, for normal stands or the
declined stands appearing not obviously, we should thin the trees at different intensities in the stands for get-
ting the balance between the growth of trees and native water resource. This is because the pure plantations
in large area have consumed much water resource. Thirdly, for the stands which would be replanted, we
should make the aims according to the practical conditions, such as the degradation extent and features of
vegetation and the capacity of economy and techniques, make the rebuilt stands develop as the native climax
communities. Anyway, the large pure P. sylvestris var. mongolica plantations on sandy land should be avoi-
ded in the future vegetation establishment.

The publication of this book was supported by the knowledge innovation project (KZCX3 — SW —418)
and the 100 - young researcher project from Chinese Academy of Sciences, and Natural Science Foundation
of Liaoning Province (2002110016).

Jiaojun ZHU
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