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Preface

The Conversion of Farmland to Forests Project (CFF) is one of the six great forest-
ry ecological projects in China and one of the ten great forest ecological projects in the
world. It is a major policy decision initiated officially by the Central Party Committee
and the State Council with the responsible consideration of the environmental status in
Western China and the focus of the long-term sustainable development of national social-
economy. It is thought to be the fundament and entrance of the Development of the
West Regions.

Due to the harsh natural conditions and the vulnerable ecological region, Western
China has been the main area of environment protection and enhancement. For a long
time immoderate and extensive use of sloping farmland in this area, many serious envi-
ronmental problems have appeared today, such as soil erosion, soil degradation and de-
sertification, low and unstable productions, and increasing land desertification area.
While, from the postulate of human’s survival and growth to the base of social —eco-
nomic development, ecological environment is irreplaceable. But the conflict between
the society development and the environment degradation as we have known today can
be a promotion of the ecological construction, such as the CFF. The CFF is concerned
to be an effective way to promote the construction of ecological environment, expand the
living space of Chinese, and improve the manufacture and investment conditions; and
then accelerate the progress of the Development of the West Region, optimize the con-
figuration of agricultural productive resources and economic structures, and reduce the
poverty of the West China; enlarge the rural requirement, facilitate the economic
growth, expedite the construction of a Well-off Society, and even promote the national
unity and defense. Providing an ecological barrier to the upper reaches of Yangtze River
and reversing the flood disaster radically can possess great practical significance and far
—reaching historical role to the Chinese.

The implement of the CFF could play an important role in promoting the forestry
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development in Western China, and more attentions could be attracted to the CFF and
the western environment. Although a lot of studies and demonstrative implements have
aimed to the policy, concept, techniques and models of the CFF through specific exam-
ples, little comprehensive results of theoretic, technique, model and its corresponding
criterion of assessment were extracted and recognized. At the same time, some of the
CFF cases were not arranged carefully without sufficient study, the ecological construc-
tion and economic increment was not combined well, and the farmers could not gain e-
ven more benefits from the reconstructed industrial structure. And then, several ques-
tions may be asked to address some of the concerns and challenges about the CFF now
faces. How to keep the stability of the CFF especially concerned with the economic ben-
efits of farmers? How to maximize the benefits through the arrangement of the project
and its substituted industries of agriculture? What the ecological functions of CFF cloud
be identified, like the water conservation, nutrient accurnulation, air purification, and
biodiversity maintenance, and how to quantify them? These problems are always the
critical obstacle in concerning the forestry engineering, and also the core and focus of
the CFF. Consequently, it is crucial to study the theory, technique mode and its indus-
trial system, ecological processes of Forest-grass Compound Management Modes of the
CFF, and then help to solve the problems and questions posed above.

Since 1999, the authors and the team in the Province Key Laboratory of Ecological
Forestry Engineering in Sichuan Agricultural University have conducted the systematic
research and technique demonstration of the CFF. Funded by the National Key Technol-
ogies R&.D Program in the 9", 10" and 11" Five-Year Plan, the National Natural Sci-
ence Foundation, and the provincial projects, several CFF demonstration sites and water
conservation observation station were established in Tianquan, Hongya, Muchuan,
Danling, Yucheng and Daying counties, and made some remarkable results in the field
of CFF theory, technique mode experiment and practice, vegetation structure and pro-
ductivity, fine root characteristics, interspecies competition and species diversity, engi-
neering benefit assessment, and the sustainable development of CFF. As a typical site in
South China, Tianquan was assigned to be the locale of experience-sharing session in
2001, and Premier Zhu Rongji and other Party and Nation’s leaders inspected the site
themselves and highly evaluated the progress of the implementation. And we have re-
ceived several investigation missions worldwide and, especially in December 2003, the
Sky TV from England reported Hongya and Tianquan stations specially. Based on these
studies, we prepared the book, Theory of the conversion of farmland to forests and
application of forest-grass mode, aiming 1o offer the theory and technology to the sub-
sequent secondary CFF, and enrich the theory of Applied Ecology.

Twelve chapters are involved in this book. Chapter 1 begins by the review of the
history of the Conversion of Farmland to Forests worldwide, and the differences in poli-
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¢y, technology, theory, ecological process, and research progress are stated for the re-
search in China. Chapter 2 expatiates the terms like steep—slope—land, and their relat-
ed thresholds are illustrated strictly for the theories and approaches. Integrating other
primary disciplines like Ecology, Silviculture, Economics, and Sociology, Chapter 3 ex-
pounds the source and formulation of the CFF theory. Chapter 4 concentrates on the
mode selection of CFF in the low—mountain and hilly area around Sichuan basin, China,
and some of the value—incremental modes, ecological-industry modes, and ecological —
restoration modes are selected and performed through suitable species and technologies.
Chapters 5 to 10 discuss some issues of the forest-grass modes, including the vegetation
structure and productivity, fine root biomass and characteristics, interspecies competi-
tion, biodiversity, nutrient cycling and management, soil moisture and water conserva-
tion, and economic benefits. Chapters 11 to 12 contain the in-depth study of the theory
and approach of sustainable development assessment and the strategy of sustainable
management for the CFF system,.

We are grateful to all the contributors to this book, who have provided information
and research results, and compiled some chapters, they are Gong Yuanbo, Yang Wan-
gin, Zhu Tianhui, Wan Xueqin, Fan Chuan, Chen Wende, Zhang Xuequan, Rong Li,
Wu Yong, Yu Bo, Li Yan, Li Dehui, and Wang Jing. Our sincere appreciation goes to
Academician Jiang Youxu in Chinese Academy of Forestry and the Chief-Engineer Du
Jishan in the CFF Administer Center of National Forest Administration who reviewed
the book through and brought valuable advices. We thank Wang Peng and Feng Shuai
for the refinement of graphics, and also thank Zhang Lianghui and Wang Peng for the
translation and revision of preface separately. Finally, we thank all the authors cited in
the references for their admitted work.

The book was supported by the National Natural Science Foundation (30771717,
Fine root characteristics of forest-grass modes and e f fects on carbon storage and nutri-
ents cycling ; 30872014, Formation process of biodiversity in Eucalyptus grandis plan-
tation ecosystem ) ; National Key Technologies R&D Program in the 11" Five— Year Plan
(Z006BACO1A1L, Technology and modes of restoration for degraded ecosystem in the
southwestern mountains of the upper reach of Yangtze River); The Research Founda-
tion for the Doctoral Program of Higher Education by National Ministry of Education
(20050626001, Fine roots characters and Dynamics of forest-grass mode in western
part of Sichuan Basin); National Key Technologies R&.D Program in the 10™ Five-
Year Plan (2001BA606A-06, Technology and demonstration of soil and water conser-
vation and comprehensive control in low mountain and hilly area around Sichuan Ba-
sin); The S& T Foundation for the Development of West Region by National Ministry
of Science and Technology (2000 —K01—04 —05, Technological demonsiration of the
Conversion Farmland to Forests in Sichuan Province ); National Key Technologies
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R&.D Program in the 10" Five-Year Plan (K98—05—19—1, Comprehensive experimen-
tation and demonstration of agricultural production system in the Conversion Farm-
land to Forests region o f western edge of Sichuan Basin). We acknowledge all the sup-
ports.

All suggestions are welcome.



H x

FF- ......................................................................................................... i
'ﬁ‘ij' "—E'-' ................................................................................................... i
1T BRI E R STRRL IR - coverrerereerer e 1
1.1 BB RAIFST I HT cevnrrereermmermmren et r e e 1
1.2 GBHFRMRBEGTHERR «-orvereerrr e 18
1.3 BHEEEMAF IR TELERI (O] I - oeeeer e 32
Tod VGl e 34
BB BEIENGBRL AR oo 36
2.1 FEHEEEH B HA EARIEME S R AFIE cever e 36
2.2 BRI BRI E LI ----oerrrreerorrremr e 38
2.3 BEWEEHL RIS AUR N AE AR v vrvrerrmerrenrer et 41
y 2 B A -~ L R YRR 44
FI3E BHHIEWREIIEBIEE R - oo 45
3.1 IBEREAR T AR ATEEL - oorrrrmrrr e 45
3.2 BHEEMME S BERIE -ooeerre e 51
3.3 IBHEEIRBTERAE oo 54
3.4 IBBEEARAGHTEELRE oo 55
B D N e 62
B BT ARER G A HGEE e 64
4.1 @ﬁﬁ%&*%ﬁi%}éw‘%% ...................................................... 64
4.2 . B, FERRARREEAREARE AR e 67
4.3 PO ERIL KB EAAR (B BRI RIERET v 69
oA J PV e e e e e 72

oXi.



% 5 15’- %EE%*;E&*E?&%*@&FE%’&E ................................................... 74

5.1 MBS SRR IETIHEILEER coveeeemorrrrrereere oot ieeeeeninreeeeeeaanneas 74
5.2 EM R M TR EABHEE oo 86
5.3 K (M) +EE SR RMHBLER G BERIE o ooeeeeeee e enmnnnnnneninenes 97
5.4 MEBEITHRAREAC B FEE BN v s, 106
5.5 IR AEYI B EEMIERIE - 114
5.6 FRIEHAIET BRI S FEAIESI oo crreorreererrararnrerneieenn. 119
EoE HEESAHEFBIABIERME - e 123
6.1 MEE SRR TERE v 123
6.2 MEEE SR MBIARIPE oo 145
6.3 MEE GBS KIBIERIRIRBIEZR oovereii e, 164
6.4 MRELHELCHNAR BRI K H 53088 . AR B S ME coreerrre 171
H7E HEESENRGYRBREME - v 186
7.1 MHEEEGBERAPIETIL oo 186
7.2 MEEEGHERABREFEAEL L v 198
7.3 B FEEINERBBEITHELBIUBEAEFH oo, 203
7.4 MEEESERABYEZEEME oo 207
7.5 MEESHA T EEMAEERERE v 213
7.6 MEESGHEAFLIB ARG BAEEE - 295
FE HEESHERTIEMB RIS EIR - vt 234
8.1 A HEMEAIHIEEIMOR 234
8.2 MERAFFIRBAYBFIE]BIAS e 246
8.3 MEE S TIEFENBNETEBEIGEPE o 264
8.4 MEE G /MBERFEEIA v 291
8.5 MEEGHFEI v 313
E9E MESAREHWAKDESBAIRIFBE e, 316
9.1 *Kﬁﬁ%i#&%%*i%?&&iﬂj ................................................... 316
9.2 MEE AR TIBEABIERERE oo 339
9.3 MEESERBEGIEAREEME oo 348
9.4 MEEESHBERGIKTAREFRES ooorverrerrrrerrnreriiiiiiiiieiieiecnaee, 352
BlI0EFE HEESEINEBRIFIREE - ocvororerrrrrmrerrrrrtiiiiiiiiiie e 375
10. 1 %ﬁg%ﬁﬁéﬁé{ﬁiﬁﬁﬁ ............................................................... 375

s Xii



10.2 BEE AR BUBRIRRLZE - vvvrerr e 379

10. 3 MEE%%%7K:E%%E§3;SH&%IJJ§E@’HE ....................................... 380
% 11 E E#ﬁ%%%ﬂﬁﬁﬁ%%fﬁt&'—ﬁﬁﬁi .......................................... 384
11.1 ﬂ?{ﬁ/ﬁ ................................................................................. 385
11. 2 @ﬂﬁ%,’%%ﬂﬁﬁﬁmm}%ﬁ%ﬁtﬂ ............................................. 385
11. 3 ﬁﬂﬁ%%%ﬁ}ﬁ,ﬁk@ﬂzmﬁ/f ................................................ 390
11. 4 ilﬁ%*ﬁ ................................................................................. 393
%- 12 E Eﬂﬁﬂlfiﬂﬁﬁﬁgi‘f% ...................................................... 412
12.1 Eﬁﬁ%%*lé%l@‘ﬁﬁjﬁmu ......................................................... 412
12.2 Eﬂﬁ%gﬁ%ﬁ*jftﬂ%*@ ...................................................... 413
12.3 ﬁﬁ;ﬁ%lﬁﬁl,ﬁgﬂ%i}g ...................................................... 414
12. 4 /J\?n: ....................................................................................... 418
MR )”"ﬁlﬂiﬁﬁ%lfiﬂqﬁiﬁﬁﬁﬁlﬁlﬁﬁﬁﬁﬁ% .................................... 419
| SRR SRR RL R IR LR R L RLERRLRERERLAA ST 427

* Xiii -



Foreword

Preface

Chapter 1

Chapter 2

2.1
2.2
2.3
2.4

Chapter 3

W ow oW oW W
e C SR G R

[$a}

Chapter 4

4.3

* Xiv e

Contents

............................................................................................. i
................................................................................................ i
A Review on Conversion of Farmland to Forests ---c:ocooeeeerieeiinnieiin. 1
Research hiStOI’y ..................................................................... 1
Current STATUS *veevrertmsersaseesseuuesteeressnsarsstsssrassnconsosesssssnesannssnssarsae 18
Key challenges —«reereereeeeemsemetmtmiiietitiie e 32
ONCLULSIONS # ¢ +rcveermraneneeneonsananeeneesassesesseneensnseressesrnseeneneassnsennens 24
Degraded Sloping Farmland Ecosystem - «----«ceseesememuiieiiiiiieien. 36
General definitions and classifications about sloping farmland = «+-+-«-.--. 36
Critical slope in the SOil erosion «+««r=ssresrerrssrrerseemmiierriieieiieeraaee. 38
Sloping farmland is one of the {ragile agroecosystems «--«seeveereereninnan. 41
CONCLUSIONS +#rerrmrrerenransetntttttt et et atat it reateetetraeneaneeaaneernnnas 44
Fundamental Theoretical Elements of Conversion of Farmland to Forests
.......................................................................................... 45
Background and introduction  «s«=s-ssssssessserennmeernneeriiiereiteerieanaa 45
COHCGptS and perspectives ............................................................ 51
CRATACLELISTICS  <rceroeresensrnrarennanesueneaneeseneanesansersaseernneensneeseenannens 54
Fundamental theoretical ClEMMENTS  rrrereserestiatiiiraneteeieniiiiirieiriniaeanes 55
COTICLUSIONS =+ +v+remremrnennenraneerueenenmansaseneanesensarenrenreneeseniesiesensons 62
Technological and Industrial Modes in Conversion of Farmland to Forests
.......................................................................................... 64
General idea of the integration of techniques »++srrerreeieiinniii, 64
Construction of the technological modes: integration, assemblage,
SUpPOrts, and optimization ......................................................... 67
Suitable species and technical guides in the low mountain area around
SiChUAT BBASIN cvcevreererneneenententenmanteranaaeensanseseneereasesresensenreseneeneens 69



4.4

CONCIUSIONS #+t e ertsrrsrmnttantetatetittitteeset st tarretraneatseeneerenseennesanns 72

Chapter 5 Vegetation Structure and Production Characteristics of Forest—Grass

COMPOUNT MOAES ++ ¢+« ++eerrrerrarntmiinetineeiniitieeteetreetnaeeaereansens 74
5.1 Selection of the suitable pasture species/varieties ««++crereesearararaen ERRERPN 74
5.2 Appropriate canopy density of the Pleioblastus amarus — Hemarthria
compressa compounded mMode  ++++esrrrrrerrriaartiie e 86
5.3 Vegetation structure and production characteristics of forest (bamboo)—
grass compound MOdes =+«-++sreeerrrnemruiietiemriie i ee it an e aeeans 97
5.4 Effects of stand density on tree growth and pasture yield «--e-eveeveeeeenss 106
5. Biomass distribution of the Bambusa pervariabilis X Dendrocalamopsis
Daii STATIA  w+eeresremnenenean et ataatteteatrertanaasnearnentetasnaeae s anearanss 114
5.6 Impact of cultivation techniques on the quality of tea in the Ligustrum
FODUST UM — GTass TNOAE +++-+++++rerrmnreetrtrerriiie et 119
Chapter 6 Characteristics of Fine Root in the Forest—Grass Compound Modes ------ 123
6.1 Fine root growth and biomass distribution — sessceeveriiiiiiii 123
6.2 Decomposition of tree {ine root and grass root «+eeesessereeerimaniiiiii, 145
6.3 Relationship between fine root and soil —water stable aggregate -+:+++- 164
6.4 Correlation between fin root respiration and environment factors «-«-«--- 171
Chapter 7 Biodiversity of Forest—Grass Compound Ecosystems «-«-+---=veeeeerinien 186
7.1 Neighborhood interference among compounded plants «ceeeevreereseininnnns 186
7.2 Trophic niche of TOOts =+t rrsrerrrrrimmmiiirriiie i eeeeee e eeeeeeaen 198
7.3 Allelopathic effect of the extracts from the organs of Eucalyptus grandis
O PASTULE  rerseeressemnnsreunnettneetiansrataasat e ereteeetaneertenaettsaernneernes 203
7.4 Plant diversity in the compounded community «--sesteerrermeiiiiniiaieen. 207
7.5  Soil microbial diversity «+ettesssereerrriamrrmmiiiae i ee e 213
7.6 Quantity of microorganisms in the simulated decomposition of fine root

and [ o S o o ) I R LT 225

Chapter 8 Soil Amelioration and Nutrient Management of Forest—Grass Compound

8.1
8.2
8.3
8.4
8.5

IVIOAES =+ v ceeevvenonnonenneaannteneneaneeseanenssnneaensssnesenenesnsessneeneaneenenes 234
Soil physical properties under Amelioration «-+«=sssssereereaiamiiiiininnn.. 234
Dynamics of nutrients accumulation  «-«-e«sseeesssuesrnemnreereeneenaenaeeeenns 246
Soil nutrient dynamics and enzyme activities cessr-sererereienniiiieeninnnia.. 264
Nutrient dynamics in rhizosphere and non—rhizosphere soil +=eereeeeeeees 291
Management of the forest—grass compound modes «++---roerrerinieiinininee. 313

oXV-



Chapter 9 Soil Moisture and Water Conservation of Forest—Grass Compound Modes

.......................................................................................... 316
9.1 Hydrological effects of forest—grass compound modes — ceeerevreeeiniennenn. 316
0.2 Soil infiltration characteriStICs «--cseesseerererretrenttrotuernreerosaneaaenseesrnenes 339
9.3 Water holdmg capacity ............................................................... 348
9.4 Soil and water conservation effects serrerrrernrtntitiiaiiiiii it e 352
Chapter 10 Economic Benefits Assessment of Forest—Grass Compound Modes ------ 375
10.1  Economic benefits of forest—grass compound modes =-++=+-scxrereereeninns 375
10. 2 Economic benefits of fruit tree—grass compound modes «++rrererceenene. 379
10. 3 Services valuation of soil and water conservation =-=s-resvesrsieiiiini... 380
Chapter 11  Sustainable Development of Conversion Farmland to Forests: Theory and
MeEthods  cccccceettteorimiittittiiieiiiienseeesaneancssssssssnassssesisssanansnnannnee 384
11,0 Methods ceeeeeersereerrantetteeeteiaamaninteeetirainarsetesettecroassannaceesessesnnnns 385
11.2  Theoretical fundamentals of sustainable development assessment -+« 385
11.3  Assessment methods of sustainable development —-eereereeeriniiiniin 390
11.4  PoSitive analysis eeeereessrerermiimtiiiiei it 393
Chapter 12 Sustainable Management Strategies of Conversion Farmland to Forests
.......................................................................................... 412
12.1 Guidelines and principles — «reseessresersriatimimmin i 412
12.2 Conversion farmland to forests and the rural industrial structure -+ 413
12.3 Technology and policy SUPPOIt «teereesreeareensettimiiiniiiiieiieriieinen.., 414
12,4 CONCIUSIONS  +# e+ rrerersreesteraeeetanmanattratesineenmeetnseotemmensonsntsnnesroeenenes 418
Appendix An Investigation of Conversion Farmland to Forests Achievement and
Subsequent Issues in Sichuan Province .......................................... 419
References ............................................................................................. 4 2 7

XVi e



