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Abstract  Using proper methodology to determine the suitable land resource is crucial to the development of non-food
energy plants production. This paper reviewed the methodology and suitability evaluation index of non-food land suitable
for energy plant production in China. A method to get the resource of non-food land suitable for energy plant production
was summarized by combining both soil survey statistic data and remote sensing data obtained from Geographic
Information System (GIS) . All data were collected and the research method and the database were further evaluated.
After discussed the previous research,a more perfect suitability evaluation system of non-food land suitable for energy
plant production was put forward after discussed the previous research. The system included surface slope, effective
soil depth,soil texture,soil alkalization degrees.soil salinity.frost-free season,=10 C year accumulated temperature,
water condition, drainage condition,land concentrated condition, ecological condition and exceeding pollution index. And
the value range of each index was identified.
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Table 1 Land survey statistic data for evaluation of non-food land suitable for energy plant production
WF % L RE AR AR b 9% 5
. 4 HhE A I H 44 R EESREE SN s .
4 4 £ 4L ’ ) 1% 8 R T

Survey year Organization

Land survey

project name

Literature of

survey results

Articles using this

survey results

1956—1978  thEBFFER RIEILAE MRS

1980—1999 [ 4B 42 [ 4 b B R A

19901994  JEEZELW X Z 54 DU IR A

1997 J I R A b A B R A JH 3 S 7 IR A A

19992003  FH ZKMll J5 BB S IR 4 AR AR RS A

19992009  [® £ % IH A [E B i E Y A S
W

20022003 [ L % IR AT B - ¢ TR K 2 #E b S 4
WU H A

2004—2008 [ Z Al 7 S5 -E R 4 AR AR RS A

o ] B AR i b O
o [ - R

4 B ME RS 1999—
2003013

o B I B
P

o B b A U

SB-b ok 4 [ R MR R IR A&
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[2.5]

[2.5-8]

[12]
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Ah BT CE MG 5 A RE VR AR DL K 3 B M R
Mg . Horp, BOMOE A 2 (B 85 T Ll 5 L ok ke
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AN T 20 AR, AR - B A AL A
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Table 2 Database for evaluation of non-food land suitable for energy plant production using remote sensing and GIS

BFSE T B AR Ve 7
iR 2 1 B3R 1 4 B By Ab
' R P
Data types Name of database Data source ) ) )
Articles using this database

FHURE R 1 10 7 4 MR R v [ R 2 I BB 2 5 6 O 5% O [23-27]
Land use data A [ R 27 B B TR PR B B 2R B0 P

1050 Hofil K424 + Ho i ENERE Sk [22]

Landsat TM/ETM & J& 5515 B4 5 [ A 2 K R [28]
Hi I B g HUE 1+ 25 J7 50T R R EPEy [23-24]
Topographic  SRTM-DEM % % BE §UH: 3 [ A 25 3 B 97 E R R [28]
dat
o S 125 77 H PR RO 5 22 [27]

A 1 100 J7 8T i A H M2 R [26]

W& E 41X ASTER G-DEM #0326 [ 2 it % [22]
RGHR G A T S KGR [23.27]
Meteorological i g iy o o s vt 35 835 B2 BCdE bt o B2 B 60 B8 R 2 M3 o [24,26]
data 1 90 2 51 K 4

DU 52 A HEAS M T A G W P S Gk 2 O S B2 R 55 1) [28]

E e

E AL B B A R VR Sk P E Ol B B A AR S K [22]

Al X R BF 58 B B A X B 58
+ BB GRS RGBS P 4 [ K R [23,27]
Soil data ESCREE) Hb B R GRS B ST ROT & [28]

757+ 4 M B B FAO/UNESCO [22]
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Table 3 Evaluation criteria of different grades of wasteland suitable for energy identified by KOUM*
HAE TS Grade of wasteland suitable for energy e e
s S A
. . 1 Il ik Non wasteland
Index Appropriate area® .
First Second Third suitable for energy
W/ () A MK <7 =7~15 =>15~25 =25
Slope
TEA e m XL I 2 =70 70~50 50~20 <20
JEJE /em FHC L R ¥ X
Effective ERERK 60 60~30 30~10 <10
soil depth
HEVE X M AR ALK >80 80~50 50~30 <30
A R XL R >100 100~60 60~30 <30
el T 2 X A
TRX
T g Jat X =100 100~50 50~30 <30
- 3 5 b T A HbL X b iU B e o iR e o {105 T o 1Y e
Soil texture
+ 4 HWHX AKX Ll L BRAERL PR ERMAE BEEHRLE>
TG RE/ Vo A0 g TR IX #<0. 3, #0.3~0.5, HMEHE0.5~2.0, 2.0,Cl" >0. 20,
Degree Cl™ <€0.02, Cl 0.02~0.04, Cl 0.04~0. 20, SO, >0.6)
of soil SO, <0. D SO; 0.1~0.3) SO, 0.3~0.6)
salinizati ; i vy
SOESNON R R AP CH LSRR PR RIL (H A WEAML (S B (MR
THKX fb(Erih BB <<0.5, HEE0.5~1.0, M 1.0~2.0, 2.0,CI~ >0. 20,

Cl™ <€0. 04,S0; <
0.30)

Cl™ 0. 04~0. 10,
SO; 0.30~0.40)

Cl™ 0.10~0. 20,
SO; 0.40~0.60)

SO, >0.60)
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HAE T M ZE S Grade of wasteland suitable for energy e
ik S0 B, IR
i ) 1 il m Non wasteland
Index Appropriate area® .
First Second Third suitable for energy
K5y A JT A Hh X BERRBESAR  WEBKBEMRIEZN K ERIE, £ /E  JoRE B SR E,
Water EHEBEAGNTRE., TRETE LB, ARENETELE AEEMENTR
condition TR GKIE KEMIEZENE T M, TOK RN i
PRAER RS 7 H £ M+ Mo H L
TR £ 1 X TN TR EYIEE & RO EWEREZ TR EDAERKEZ ERAGEY AR
Temperature 7T/ T i X F TE K ) S HK
condition
= HE X TRV AR B i A B U R M X, T A R M X i FE iR M X i S
X FENEMATE TEM AT E EMIAGERE
WEEmEX. LT WEEETRE WEEDETAR WMEEYRARE /
BXMAIX E
T 96 X =10 CHE Ky 700 =10 CBUE <700 i J€ 1E ¥ A fiE 4=
~1400 C,M %M C.ME2EYRA K

TE s J5USC TR AR L DX B4 9 R 20 X AR B

Note:a: There are no reference of area coverage and distribution

x4

BRAEEY EFEVIMEXRFTE

in the original paper.

PUR M E AR IR IR M5E
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Table 4 Suitability evaluation criteria of non-food land suitable for energy plant production

suggested by WEN , Wangt®!

and ZHUANG"

Al BBk M IS A% B R TR bR A FA bR
Eizk ﬁ@%iﬁ%‘;[f{ 35%-’:%[31] Ej(jj—/%.grzﬂ
Index Source of reclaimable Marginal land in Marginal land suitable
cultivated land Guangzhou for farmland
%534 /m Elevation <500
o TH 3% /() Slope <25 <25 <25
W R R WA EE <2 m,
Degree of sand dune fluctuation BREE>40%
Hi FE MRS B Terrain roughness <1.368 8
AR A)ZEE/cm =>50 =20 LJ7 X =30, 5§ J7 X =20
Effective soil depth
4 T Soil texture AR R <15% e KL L ER L L
=10 CAERMR/CC « D REWE VR A K R fiif FE A W AR A FR E
=10 °C Accumulated temperature
AERE K/ mm FAE>400, 8K IEARIE =160°
Annual precipitation R 47 e E R
R K HEER /m >1
Groundwater depth
P 3 % BF %/ km <8.333

Distance from the road

T a A TR E S ] IT BB LR 4 90 PR Hp % A 0 A B B4 bk b B A b L AR S AT A i UL 4 1 34
cHRTEY A T B K i,

Jfe 510 SR AR TT S 08 0 30 B - s P4 4 B i T BR

1 bR L — R, b AR

Note:a. Shi et al. defined forest land suitable for energy and cultivated land suitable for energy which are in good condition in reclaimable

cultivated land reserves as a variety of marginal land suitable for growing energy plants. b. This table showed the minimum standards

of evaluation index of marginal land with lower exploring potential. c. Means the precipitation during crop growing periods.
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Table 5 Land suitability evaluation criteria of different energy plant
Lk Eiskon I H U H P
Plant Index Appropriate Less appropriate Source
R W/ m <1500 1 500~2 000
Cassava WA/ () <15 15~25
IS/ % >3.5 1.5~3.5
B O R / % =30 10~30 [27]
HAEZRE/cm =175 30~75
ER/C =21 18~21
52 BT 20 R 0 i 8 2 —33.3~100.0 —66.7~—233.3
A K i/ mm 1 000~2 000 600~1 000 & 2 000~6 000
HiNE S WK /m <1 850 1 850~2 500
Sweet sorghum  HUESBE /() <15 15~25
3 5T B4+ At L [22]
=10 CHEBUR/CC « D =2 500 1 500~2 500
AF B /K i/ mm =500 290~500
3 A B/ (O <25
Jerusalem HHEANLR SR/ % >1.5
artichoke AL )ZIEE/ cm b Hi X =30, B HbIX =>20 [24]
=0 CHEBE/CC - D =2 000
AR K 2/ mm =160
£ 3% R f /N AR/ hm? 200
4 W /m 1 000~2 000 200~1 000 B§ 2 000~2 500°
Grassiness WA/ () <7 15~20
- HE T W4 B/ DL "L [26]
FA L RRE/cm =100 =50
R/ C 15~18 0~14
A [ K i/ mm =800 500~800
JFR AR MO B EE/ () <15 15~25
Jatropha curcas ~ HIEAHLRE R/ X =3.5 1.5~3.5
4 5 b B AR / 26 =30 10~30
A LIZEE/ cm =75 30~75
EHRIR/C =20 17~20
A S5 4 v B ISR/ C =2 0~2
TR TR b —33.3~100. 0" —33.3~—66.7
AR B B/ (O 15 25
Pistacia AHLIZEE /cm 60 30
chinensis EHRIR/C 11.5~15.9 5.8~11.5 5% 15.9~28. 4
bunge 41 2 o B AR AR/ C =—15 —26.5~—15
=10 CHERR/CC « D =3 800 1 180~3 800
AF [ 7K B /mm 400~1 300 1 300~1 900
TH AR 4R /m <800 800~1 000
Vernicia fordii W/ () <15 15~25
+ 3 pH 6~7 5.5~6
R/ C 16~18 14.5~16,18~20
AR SRR/ % 70~85 60~70 [28]
KB /mm 900~1 300 750~900
1 H i/ C 2.4~8.1 1.5~2.4,8.1~12.6
4FE H MR Bt %% /h 1 045~1 300 1300~2 371

Era WK, b JFICH 100 ~ 33,37, EH NN HEAT IR AR AR T CHFPIBRIEMBE. o B3R <200 8>2 5007, £ H A

AT AR SR N B AR Y JE SCE BUE RBOE B R TE R R BE R R AR BRI
Note:a:Inner Mongolia region. b: The value was “100~33. 3” in the original.,we thought that was wrong,so corrected the value according
to Mao et al,[32) in the table. c;: The value was “<C200 3 >>2 500 in the original”,we thought that was wrong,the value in the table

was corrected according to the details of the original,but we did not obtain the consent because the author couldn’t be contacted.
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&
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N FHBUR IS bR . 8 A R B HAR S 2 3 B A7 A
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sy, F ik =10 CRUR IR E R, % En]
BE A 2 LA AT B K B B 7K o S U F A« [
40 TG 7 VR Ry R AR

A2 BRSOk 4R R VR R PR 4R AR R
FFA BB VR Toolb ok Ok Ay 4L B () 75 BEHRRAE . b 4b
b ) HEAK S5 AR A T 8 R A TS e B R A8 AR
e A M 38 B PE A 48 A

3.2 ERSE#MR

5% AR IR R G S TR AR S
PEEEAS 48 bR A 2R L Bk b 1T 39 B R A 8 T ML AL L 4R
[F] Hb DX o )2 A AR R L A Mk e Ak R R R
FA (3R 3) . I RARE ST T RN R Ml X 48
{2 JE S % A Hl X R 43 1) SCR 132 5 TS M\ T IE b
DX 3] 3 1 A< 408 R 45 DX sk B i A R O AR A 4y
L AE R E LR A SRS AR AR (R 4. 1R
FE S Uy KB 52+ AR P R AR AR, Oy D
(2 ) LA B HoAth 38 57 4 M3 o0 M OF H 48 bs 09 F 58
(R WA HAT 4 X . BT rg A6 J7 B R AN [
SRS ERORE R R D &Y 4y g Ay
VAR S S Q=N A = A e g LN R N .
6 bR 1 43 XA 2 00 B2 A AR O AR 45 X R
b JEE 48 b 1 7 LA DR IR TEVE ARSI .

4 FARFENERIER L HWETETMN
iRk &

A 5 B AE £h B Hb 4 A A R A 9, R Tk
i R FH I 8 R Ak 9 (% 6O e AL 4 G b
i C DI o 5= e o (SR L I | 2
I B A+, BDACHEBR £R 1+ (3R 6) . X Bk 1 K
55 B Ak A1 b B Ak - SR Sy mT R AR IR R R R A 1Y
- b, R HE B SR A A+ R (R T .

PR b 15 e B b AT — o I RR R M BT L B
e I8 S PR T R AR v (GB15618—1995) Y 47
(% 8).
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Table 6 Classification of soil salinity in China
+ 4 B4y $/ % Soil salinity
Huit oKX FEEHEHH T
h v i i:S 8 i
Salinized soil partition Main salt ions AR AL R O R b
Non salination Mild Moderate Intensity Saline soil

TG U X2 Y X CO:™ \HCO*™ .Cl™ SO~ <0.1 0.1~0.2  0.2~0.4  0.4~0.6 >0.6
Coast, semihumid area

FT R TRX Cl™ .s0Oi~ <<0. 1 0.1~0.2  0.2~0.4  0.4~1.0 >1.0
Semiarid, arid area

K S B X Clm SO (RE&AE) <0. 2 0.2~0.3  0.3~0.5  0.5~1.0 >1.0
Desert.semi desert area C1™ | SO? (5 & £ #) <0.2 0.2~0.4  0.3~0.6  0.5~2.0 =>2.0




18 hoE kR R R R 2015 4F % 20 %

®7 HwEIEELS RS

Table 7 Classification of soil alkalinization in China

3R BRI cmol/ke i B BABEALEE /
Classification Residual of sodium carbonate pH Degree of sodium alkalisation
e Bk £ Non alkali soil <0.5 <8.5 <5
55581k + Mild alkali soil 0.6~1.5 8.6~9.0 6~15
F g ik + Moderate alkali soil 1.6~2.0 9.1~9.5 16~30
64k + Intensity alkali soil 2.1~3.0 9.6~10.0 31~45
B+ Alkali soil >3.0 >10.0 =45

®8 —MRE. XM FE RENKGTFRERER DY

Talbe 8 Exceeding pollution criteria of general farmland, vegetable land, tea garden,orchard and pasture mg/kg

S 13 pH Soil

Pollutant <6.5 =>6.5~7.5 =7.5
f5 Cd 0.30 0. 30 0. 60
& Hg 0.30 0.50 1.00
i As sk H 30 25 20
i As  Hih 40 30 25
il Cu A H%5 50 100 100
B Cu  HpE 150 200 200
% Pb 250 300 350
# Cr KH 250 300 350
B Cr B 150 200 250
¥ Zn 200 250 300
£ Ni 40 50 60
77878 Hexachloro cyclohexane 0.50
T B DDT 0.50

T AR 5 Y W AR 8 b . T4 8 OB 2R =) Ff 23 50 28 80, 8l 1 B8 F 3¢ i > 5 emol/kg 19 1 3,

A <5 cmol/ ke, HARHE(E N R A EUE R BB, RN
BRI 5t b v AR T OKHE A L %R T ML

N A Rl AR R R L B O 4 Rh AT A R . KRR AR Y b

Note: Values in the table stand for the minimum standards of pollutant. Heavy metal (Cr mainly indicates trivalent) and as all

calculated as element, and appropriate for the soil with cation exchange capacity =5 cmol/kg,if the cation exchange capacity

<5 cmol/kg, the standard value is half of the value in the table. Hexachloro cyclohexane are the total amount of four isomers,

DDT are the total amount of four ramifications. Soil environmental quality standards of rice field-upland rotation, as adopt the

paddy field value and Cr adopt the dry land value.

B Lo B PRAT B9 AR TS B R B b L AR B 5
Xt JRA RS R e R A A P R R bR AT
3 DX B E Y H AR FF R 8 PR T O 48 B B
Bl UL 2 90 3R €t R P B AR ) A B AR R A ) X

B 1l 382 52 04 23 9, 3 JBOT O 57 A AR AR A ) Y
Mo TSR RE R BR W B <257 Jy ‘B RE Al MR b 1T i B2 O
AR AR A Rk L )2 R B R HE R T A5 A E 1 4
XA FE L JEJ7 XA 2 J2 8 B =30 em, B 07 X
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X =B v AR AR MR BT IR TR T ik 51

BV 48 bR 19

AR RIEE =20 em. A& 4 5 5 Ty . BTN AR
FEZ M E e UK b BUE B 2 O R
RN VRHE A+ A (5R 3.4 F15) L A A It AT ]
AW A 7 A B AR HE B O A o BN TR T iR
Jot - Bl SR 5 Y - i O ERE A AR 00 4
fEbr . MRS 2 AR AE Y A KO B B9 A (R
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Table 9

HRe RIS

Suitability evaluation criteria of non-food land suitable for energy plant

SRV B IE A IR R AR TR A W A K R A
>100d,>10 CAEHME =1 100 C « d(FE D,
XF 7K 3 ) 48 Ar K O AR B R K B =400 mm 5§
AREWE S X TR E R S bR, LU B E
U E R IR o B TR AR AT T A B N
AR HLIX =20 hm? , Hr & A PG HF 4 X =60 hm®,

HEHEMNIER

production identified by this study

55 Index

i Bl Range

i TE 3 /(%) Slope
A+ E
+ 4€ i Hb Soil texture

+ 4% pH Soil pH

J#*/em Effective soil depth

W% AWk iR £ / (cmol/kg) Residual of sodium carbonate

B AL B/ % Degree of sodium alkalisation

3SR/ % Soil salinity

ToFE M /d Frost-free season
=10 CHERE/CC « D

=10 C Accumulated temperature

K 4y 45 Water condition

HE7K £ 4 Drainage condition

£ % A 45 F¢ Concentrated condition

H: 2 % Ecological condition

<25
b X =30, )7 X >20

NIg TR B G, B A AEkE<2%
4.0~9.5

<2.0

<30

TR I A2 9 X <C0. 6

E+HRMTFRX <1
REMEEEX CRE & A8 <1

BRI B X CF & A /) <2

=100

=1 100

EER R K i >400 mm, B4 B W 4 1
A HEK S

ARER 20 hm? , AR FIPE A8 60 hm® F JFLIX
AN B I T 30 R AL B 5 1 B K E

TE ca: b7 KA R %%

WA B2 I kL B R R L K AR 28 08 LT TRT DL b s Ol DX A 28 08 R I VAT DR L R R R R DA AR M X,
b: *Eli“(*i%r[j()]wﬁ?ﬁ%ﬂﬂ‘mdﬂl—?‘é T VA U -2 1 A K R
X7 R MV 2 M 2 TR E R R X T R T R X ARl R T R

BEER X7 AR b 2 i - T R R - ) R 35t
R AR X7 5 R o

DA B b o T R R BB R BT X U B OB T R R B R WX R R o R T R B DR G e

BB, o RIPRIRIL
R 19 N

TALE R VIR CEBTLIR

B VL AR TP LR AR 12 DA s

Note:a. The north area means the east of Great khingan, Helan Mountains, Bayan Har Mountains and the north of Qinling

Mountains, Huaihe River. b. China salinized soil partition 12, coast and semihumid region indicates “coast moist-semihumid

“

seawater steep salt marsh area”, “northeast semihumid-semiarid prairie-meadow salt marsh area” and “Huang-Huai-Hai

semihumid-semiarid farming meadow salt marsh area”

; Semiarid and arid region indicates “ Mongolian Plateau arid-semi

desert prairie salt marsh area” ; Desert and semi desert region indicates “upper and middle reaches of Yellow River semiarid-

semi desert salt marsh area”, “Gansu, Mongolia, Xinjiang arid-desert salt marsh area”,

desert salt marsh area” and “ Tibet high cold desert salt marsh area”

»

Qinghai, Xinjiang extreme arid

. ¢. The east area indicates 12 province including

Liaoning, Beijing, Tianjin, Shandong, Anhui, Jiangsu, Shanghai, Zhejiang. Fujian, Jiangxi, Guangdong and Hainan, the

middle and west area indicates the other 19 province.
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