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7RSI R R B R SR, R IR S E A i R ZS R G427 77 (net ecosystem production, NEP)
FUK S FI SR (water use efficiency , WUE)BIWFFE , A\ iR A EM A T A SR (IR o SR S a0 a IR e A
BA-LLAL CO, AL . AEREAZEEAGENE T AT 4 FEYAR I NEP FIFEAK 23 F 2% (population
water use efficiency, WUEp) A /K3 FIHZCR (ecosystem water use efficiency, WUEe ), FFUARH-IEF X HR . 255838« 1) W00
1 5 AMEEE, NEP R/ NITHRZZSRE R (17 533.1 kg/hm?)>H1R 9 5 FK(9 172.9 kg/hm?) > 5 88 £K>(8 462.7 kg/hm?)
>SEALETE (273.6 kg/hm?)>HRHL(-2 377.0 kg/hm?) , 4 FIYERIAR HZ CO, BT, #RHBIZTR . 2)WUEp K/NHEF W23 IR B 5L
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WUEp .WUEe KA, SRR AL T A 3 R4y, nlALseHe Fide.
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7 5 SRR I R A T A= 2 R G B-P A L K o3 Tk
HRHNETG Y FE BT HR bR, I, DR 7 L iE AR A
H AR R G H 7 J1 (net ecosystem production, NEP) Fl7K
3 FIAZCR (water use efficiency , WUE ) , §ifi £ 28 5% F1 A= 25
PRI R e TR SR WSl R R g I il &
AR, B2 R K BRI R TIRCE A AR

Wit b A= 25 ZR GERR A R HE TR S v E S R 58
A7 07, AH NEP HHGE V@ i biliid TR HAES RS
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RIS A R TN BE T, AE R R 1S 50 T, it
ANFEHLX A FEVEYI A NEP FFR TS AnAs %
Anthoni SF7E EIMARBISE T4/ N BYRRAP-A7H5 Verma S5 7E
5 [ A AR BTN F oK AR FH AR 25 R Ge A BB P-4 1 F
FE; Béziat 7515 [ VU B RS S LA/ NAE 1] H 28 4R 484
A AR S R GEAE 7 J1 kAT T RS SR S ST T
AR A REX A& /N 77 i B R T R S R G A )™
JIBIFEIR™; 5K FAFDIFE TR I7 20 2 /N2 H Sl
LA 5 TURRAZ IS, (HIX BERIESE FREF RN E K
SR HAAEY) , T4 IH S ERIFTEAR R 3D
WUE 231U FE SO K o0 7™ 2 1) T o iy
B 5E BB, BT AR B S K AR
R, BT AR RERIKIEARAHE LR, K
LEIDP SRt Sl PPV e NbE P et S SR PN EE (5
WAL S B A7 i T B ik, RIVEEAACK 20 1) R A%
(population water use efficiency, WUEp ), B4 44 )it E U5
A W REVEAEDI Y WUE W9t WUEp 2459 2 3]
A R G K5 A A WUEe (ecosystem water use
efficiency, WUEe ), BRI NEP 5 RGAHE ET Z . W
Marcelo ZEEF A M IR T EK (Zea mays ) 15
F( Miscanthus xgiganteus ) WV (Panicum virgatum ) 554E
PIi) WUEP!, Erickson 55 7E 35 [F 95 2 HLIK N T R 5
(Pennisetum purpureum Schum.) . 7 17 (Arundo donax 1..) .
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REWE T BE (Saccharum spp.) 55 244 R IRAEYI 1) WUE ),
Vanloocke 58| FHAEZS RG34 1 32 E HPg A
[EIREPEAERII WUE., & A" LIRS WUE B8
IS R T LR R R

TP b X R 5 A A S AT R R KO i R A B X
REIRTE SR ALK, [A]IN 200 XA A6 a9 3 L5 b A A%
o 38 B LR AR AHZ L XK B, 2R
FHK Bk PRUAIF S e PR v DRI A 1 fe Rk
FOKARR 9 5 il K 88 T RARIZ AR
MORH AL ETE, TR SEM R HS AR SRS
AT TR S R RGBT 5T, A b Xl i <A
Prry i AR R AR

1 #MREREE

1.1 R Ie R

A T = AR R 2= i ek 5, N25° 18,
£102°45" 4% 1 978 m, W 51 It 22 KU AE T3S
153 °C, ZHFHFREHE 979.3 mm, T LT
e, b oA R AN A AL i 12,08 g/kg, A 1.30 glkg,
S 1.12 g/kg, 281 14.45 g/kg, pH N 6.4,
1.2 Wit E

SRAE o B LI B R A 2013 4F 8 oK K, 5
H20H#EI9J]29H,
1.3 #iXBREY

FAK(Zea mays L.) o FARFEFF B ETEY) (total solid,
TS)F*SARAE 400 mL/g 2431, F KA LABCHRFFRLN E 1Y
HHLER A VIMOGRFSFT A Ws & o R BNIEAR LT A
KRB 25 88 SR E MR, BN RS B HIRA
TR FOK, BEEEEREAR LA IR R R 9 SR

2 LR EHL (Penniseturm americanumxP.purpureum)

JEFRPNIR G B SE R, A RARHEY) . 1%
FERRAR 2R &3k AR R K AT 4.0~5.0 m, A KR BEA TR
UK HPRRFRCR:, REAA R 2525 22 G Ak
K, BA RAFIAESIER 7SN 570 mL/gh?, 2458
AR — A ] 2 ORI AR SR — A P AR, 2B AR L
Je e HARSE , A SCLASE ARV TS R4

SLALETE (Medicago sativa) « ZFE SRV FAMY) ,i6
BT AR R A, TR R 2 K 4y, TR AR R T
250~800 mm AYHLIX Y RIFife . SAE B T8 B4R T X E] 3~6
W DA R T SAE 598 mL/g", A0 H s 2 — 4 i A
I8, 568 AR UG - e HARE , AR SCLASE — A B S i
FEXTE FME LRI WLS25HQ-

1.4 HEREIZIT (EOMHESTEREMENE
1.4.1 wWIERIE %

AR IE R H B FEALE T AP A #HR 9 5 FOK |
LhHE B =5 88 5 Bk AbHE ¢ 4R ALHEL D 57
B AP E AR O BR, CK)5 AMbBR, 3 RS, 3 15 4
N, FES/INR T FRN 5 mx6 m=30 m?. ZNX 8] K J& i FTR
8 100 em AYTREEE 38435 , I8 & T 1A 20 emo
142 AEArALR B 22

VEYFE H R A T R A A 2

ZRAREBET 2012 4F 3 H 20 H R FHZE T4 251,
FIHE 2 B2 40 000 Fk/hm?o JEEAE A HLIE 30 000 kg/hm?, &
HHE 450 kg/hm?e 73 BEALIR R 60 kg/hm?s #K1E 2.5 m XIFH],
FJE K 2 300 kg/hm?s

LIEETE T 201245 3 H 20 HAFFP, 24% 1715 25 cm,
FEFP RN 20 kg/hm?, JEEAE R HLAE 30000 kg/hm?, 3 54
100 kg/hm?e WIAEHABRR R 0.6 m XD, XIE) 5 16 AL
W 14 0.3 kg/hm?,

FK20134E 51 4 HER .S J1 20 HER, =5 885
FIFE2 I 66 667 #/hm?, B /= 9 S FHEZE 80 000 £/ hm?,
JEAE R HLIE 30 000 kg/hm? 5 A E 450 kg/hm?e #5715 1E
KRR 600 kg/hm?, HHEEREL 2 ¥k 9 J1 29 HIKK.

143 AdpEFalE

2013 4% 9 J1 29 HUGHEI £k, 2013 45 7120 H.7 A
12.9 J 29 H A I 22 se R R F AL B 7 b b4
J& 2 W Z AR A b 3B o A, SR AR e

Ho R EB AR . SRS AR R RN H A R
MRS RIORE , JEEA R 0~90 em, 2013 455 H 20.9 H
29 HAAB—UK, HETFIRE 2 Y2 22 B A W 4 i i A
Yri . BORBGIRIPEAR 242 1 B E
1.5 2RH co, HEMENE R NEP BN E
1.5.1 RwW CO, #H#xF

A CO, HECRBD R L S HE BRI RS €O, K
FHERA AN A IR 2 031, 3 F # S F8 - 2041 o, 43 #r
SN o 4 SRR TAE I,

FRAS AN IO, BEAS/INDRI 3 S a5 1) FRKs:
FNAJRAE 105 CHET 24 h, IE BPERE T FRBTE Ol R )5
HIERATIK 40 g e ABEISEE IR LIF HAg oK 7850180 . 2)
TH BRI A b AAE A R R S A, SO R LB T
FE R /INERZE b, BREE PR E AR 28 em, 1 40 em
SR, W SRV N S e A 45 2~3 em, YR 3
SR, B L BHYE B . 3)BORERS TR] A 4 9:00~11:00
Z 8], FOAHEHE A 3 d, 0BG 7 d 5 BN . 4) & 25 )5
BB BE SR, F 105 CHET 24 h, BRI 5%, RS 6 0
0.001 g 5)XTHRAGH L — B R S BB BR .

FRSAR 2050 CO, A AT AL SE AL 54 Telaire7001
LT MR co, PR, IRIEHTFH CO, R XU
AT T REE . BRI CO, HEHE T 14 [ B 3 5
10.15.20.25 cm AL . HERGHE T A A AR R R
B AR AL R A T N

hXMwXTsr .di
F_va(TH+T) de’ (D

K F A CO, HERGE T, mg/m?h; de/de A IR =R
Bt 18] 0 2540 238 5 b R RAER 5 L om M, IR SR JEE
IR R, g/mols T, AARMEIRAS T BYREE ,273.2 Ks M, WIR
AR EE JRIRFR, Limol 5 T Al 2 i 1) 38R, °C.o
152 K@ NEP #9ml

AR RGP S (NEP) AN

NEP = NPP-R, (2)

Hrt  NPP (net primary productivity ) 4 E #1150 9% A

7E07, B AR B I S A Y R . BRI E AR
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A1 g AT TR C R 0.45 ¢, I NPP S5 FA1EY bR
M b R A iR 2 I3 LL 0.45, R, R A BT A HE ET=P-AD, (5)

R, AR BN ke/hm?s NEP NIE(EHFR RS2
KA CO, MR B KA CO, IHERC IR .
1.6 MmE.TESKENEMKD T AZRNE
1.6.1 sy
TR K B — & B SR 4 0 (36 [ i Davis
Vantage Pro 2 BIJCZ H 250k ) W <k . H RE T
R/ & & = e
1.62 X3EAKEME
FoRBHGT 2 T, RN A 3R PR2 +
BT K AN EE o 1R FOKRFEFFNBGRET H PR2 7K 434Y
ME 0.10.20.30.40.60.100 cm %IRRT K & B
3 AN IEAE /N 0~100 em R 3R SRR, R
FAFFFz 2 B4/ NX IR 150,200 em Ab 388 FME
T R KR AR AR R
1.63 Kol A kit F
KRR BB AT . LI K G A A8 AL
AT
AD,=(6,-6,)"h, (3)
Ao AD,, FRR UL A I K R B A AR 6 5 mm; 6,6, 53931
FER WS AR B A HH A= 438 () 3 TR AR B & K B %5 b,
T 2R, BCN 2 000 mm.
1 R AR A A R AR
ET=P+I+U-D-R-AD, (4)
K ET R AR PO R 1 KR, I P 4%
AEERY TCHEK TR 05 U.D 43 5 0 S i B4 AT
Bk, EZEERECN 0,R NHbEIR R K IR
& /NX I TEHEK R 2 0, & A9 B8 mm, b5

IR RISy B AR AR K 43 R A% WUE,
AR RGUK R HRCE WUE, IFERRIR . WUE, 19
AN

WUE,=(M+M,)/ET (6)
KM, M, A AR | R R B A e, N
kg/hm?, ET M K .
WUE, PR A N
WUE =NEP/ET (7)
K NEP HFER RS AL T1, BAR kg/hm?, ET 5
Kt o
1.7 HEELESSH

K FH Microsoft Office Excel 2003 X 5% 6 54 45 E 17 4%
L AERE. SR SPSS19.0 X & 4 725 Sk A  H
AENE ST

2 ER5SMH
2.1 FAGASEYAHE Cco, HiNE

5 AMEBRIAC I CO, HEMUHE AR UL 170 #itH |
FARFZ AR FA M CO, HE A S HEA — 2,

TR KBt 5 ¥ R e A BE I A AR T R TN . SRAEE S 8
A 24 HATHHAD 4 AR ARbEAR—2,8 1 24 HF
it 25 4 T A0 D R SR T R, oAt 3 R VR HE IR D8
b CERAEEAE RO E T R E TR 7.8 A0
FERR 22 B, S0 B s AE Sl s e i I 0 T, A K2 3
i, 218 H 24 HIGMIEIRZEAL TR, NS5 8k
D VBRI, AR A B AR AR R HE R Ak
L=y G o

Fz 1 FABESEMRA CO, HEALER
Table 1 Soil CO, emission of industrial biogas crops(g* (m?*d)™)
S H 520- 530- 6.08- 6.16- 626- 7.03- 7.3- 723- 8.02- 8.14- 824- 9.06- 9.16- 9.26—
Date 5.23 6.02 6.11 6.19 6.29 7.06 7.16 7.26 8.05 8.17 8.27 9.09 9.19 9.29
M= 95 9.24x  9.04x 827+ 9.58x 1368+ 924x oo . o 1263+ 1060+ 1286+ 557+ 569+ 682+ 628
Quchen 9 maize 0.09 0.12 0.59 0.85 1.71 032 Ot 0.51 0.41 0.82 0.26 0.89 0.05 0.04
=i 88 & 9.09+ 886+ 8.66+x 979+ 1041+ 10.14+ 8.01x 1348+ 1125+ 1431+ 632+ 665+ 602+ 596+
Yunrui 88 maize 0.48 0.09 0.59 0.94 131 1.91 0.31 0.75 0.54 0.58 0.66 0.64 0.08 0.13
AR R 7.8+ 743+ 734+ 782+ 839+ 695+ 5.63+ 1139+ 10.00x 13.03x 449+ 603+ 694+ 635+
Hybrid pennisetum 0.12 0.05 0.52 0.12 0.86 0.22 0.18 0.37 0.77 0.27 0.23 0.33 0.07 0.10
EVIALE 9.86+ 10.01x 20.72+ 1223+ 1487+ 12.82+ 14.34x 20.69+ 1451+ 2231+ 1340+ 21.62+ 18.86x 17.56+
Alfalfa 0.06 0.14 0.44 0.62 0.43 0.62 0.43 0.45 1.15 1.86 1.09 7.78 0.02 0.05
i 6.15+ 594+ 581+ 583+ 562+ 545+ 432+ 938+ 876+ 1179+ 240+ 496z 5.13x  5.03%
Bare land 0.01 0.10 0.06 0.03 0.10 0.07 0.08 0.11 0.15 0.08 0.04 0.07 0.19 0.22

SN 5 A 34 e - 3BT R HE Al At L2 20K
INUFAR IR K EAE BT (5 459.5 kg/hm?)>HH R 9 5 ok
(3313.0 kg/hm?)> =%ty 88 5 K (3 270.9 kg/hm?)> 225 MR
FEHL(2 959.8>kg/hm?) #HIL(2 377.0 kg/hm?) o FIERHIAH HE
F AR R AR HE R R AR Y 125% . R 9 5 KR
139%. 5 88 FoKAE 138% . 5 4E H 15 /& 208%. MR 95
TR B Hi 88 T R K AR R 25 e AR AR B L (H
CAIRSE VA=l S RN Tt .

SAEE AR AR K, 5 HABAL A B V25 5
JRIRE T 240 B s 2 ORHE Y AR R B AR T, A

AT RIS, T3 EAEEAE R AR TRA L (£ 2013

429 FS, AR AT R R 2.0 m), 0T ER)Z AR
R K, I EL co, HERUR B R . FORFIZ SRR
KARAFE C4 FEY), (A2 5SIR BB AR T FoK, KR
BEA VEAS B0 25 57, 2 BN FOKRAE hBFBR L, 80
Fiv, T 2% A8 AR FE B LN 4 - S 3, DR e HE AR 35 A1 o
PN FOK S AR R AR ST, o B 25 5
22 FUBSEMHRBASRESREETH

FE IR A AE Y e b A R 4 19 A= ) F: ONPP .NEP
L3R 20 M A B AL =8OR B A AR )
TR R B, He AN FIBR AN BRAR - HE R, 43
A ki ke VT 2
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Table 2 Net ecosystem productivity of industrial biogas crops(kg*hm™)

Mo bR R AR

SRESLY/he

FRIGAET ) SRR HERC R, A AT

AL Tretments Aboveground biomass Underground biomass — Total biomass NPP R, NEP ki k2
/= 9 5 Quchen 9 maize 26559+288.2B 1187.5+12.3B 27746.5+286.7B 12485.9+129.0B  3313.0£223.1B  9172.9+375.2C 0.119 0.034
2% 88 5 Yunrui 88 maize 24915.2+66.8B 1159.5+23.1B 26074.7+70.3B  11733.6+31.6B 3270.9+66.5B 8462.7+172.0C 0.125 0.034
AR EEE Hybrid pennisetum — 44234.1+245.5C 1305.7+20.0C 45539.7+264.0C 20492.9+118.8C 2959.8+59.7B  17533.1+142.6D 0.065 0.013
SACETE Alfalfa 12050.0+£736.8A 690.2+12.8A 12740.2+748.9A 5733.1+337.0A 5459.5+117.5C  273.6+134.1A 0.429 0.242

i Bare land 0 0 0 2377.0£.89.3A  -2377.0+107.7B — —

T kg AR AW BT R ey S ATBRAR S B A W AR 2R 4

Note: i represents coefficient of soil CO, emission per unit biomass; &, represents coefficient of soil CO, emission per unit biomass after deduction of bare land emission.

5K NEP B K/ MIF 24 s8R B = (17 533.1
kg/hm?) >R 9 5 F K (9172.9 kg/hm?) > = i 88 £ K>
(8 462.7 kg/hm?) >5E AL E 1 (273.6 kg/hm?)>#iHh (-2 377.0
kg/hm?) o 4 FEYIH) NEP ¥ IE A, U I RME W VR
WS B CO, RTFHETL, HoAe U Co, BT 2 A oK i b
1] NEP JC i 3 25 5 (HFOK Je R R A E 15 Yy
R E 2R AR B NEP 2 IE ETE 64 5.

ky (BB P A7 1 kg MIZ4SCIRB R T, 145
HEH B4 0.065 kg, T HAD 3 FPAEY 4350 0.119.
0.125.0.429 kg, k, (EF WR A A S HE R ER IS, 04353

/K3 Moisture content/%
010 20 30 40 50 60

/= 9 %5 Quchen 9 maize
50¢ 2258 ARFEHE Hybrid pennisetum

= #ith Bare land
= 100} o go
% 1 = Ji 88 5 Yunrui 88 maize
a BAEF alfalfa
e L
s 150

200 1

250"

a. AT

a. Maize transplanted

}0.034.0.034.0.013.0.242 kgo IR SARHERL A 1
F 2SR BRI 5 T ROk B BT S .
23 FlBSEYRBAKEFEITE

T KRS AR AR A 45 Ak A FH - 398500 17 7K o L&
1o FEFEAT, A0 BT 0~10 em 6 FE P 38 5 K AR,
40 em K EFE 50 em 75K AR, 50 em i #HE K.
H R R AR AT AREN (5 A 1 HE| 20 HFFW 38.2
mm)B A L3 BUE 40 em AbAY S KRG N, HFE R 50
em ALPIFEMESN , FEOZ S KRN WORET , B TR
BRSNS K AR, 7E 60 em LAR Sk /N

Tk Moisture content/%
030 35 40 45 50 55 60

50

100

REE Depth/cm
9
S

200

250

b. ORI

b. Maize harvest

A1 ERBENFURE RS L ARREKE

Fig.1  Soil moisture content at maize transplanted and harvest(%)

R HHEZ (0~30 em) & K REAE 15.43%~40.27%
Z ], TSR TE 31.98%~52.58%22 [ ; 7E 200 em IRAL , UK
AR T35 5 K b RS AR T 5.6%, 1% TR B Ak A LA
TAREARA K

AR B R, Wi A 3 Y &K iR T
B R K, 2% B AR ORI - S K R g, LR
[RAE T 22 UL B P, B RN A 22, 1 HLAE 8 J1 10 H 3 12
H 3 KREITFEWIA 99.8 mm .9 A 3 HFEW &I 16 mm,
Iz H A HEAK, WK BRI &SN, B A LR T
Koy

TE LI A P R TR A 594.6 mmeo 4540 AR LI 5 Y
0~200 cm T IEIIKGRAR L A & & (ET) W3R 3. 15
K R ANHET N 2238 R BHE(418.20 mm)>HHR 9 5
(385.03 mm )>2z i 88(384.47 mm >4 AL E 14 (369.14 mm )
SERHE(354.22 mm) , 2238 MR B R A I B K SR IE B S
R d5e /N AL AR K 14.92 mm.

=3 WMNEAR 0~200 cm TEFKRTUEMBELE
Table 3

ET and changes of soil water storage in 0~200 cm during

observation period(mm)

T/KIRAE A A the changes of soil water storage/mm

wie e s s B R kB
Depth thickness Quchen9  Yunrui 88 hybrid ~ E4%  bare
maize maize pennisetum alfalfa land
0

100 100 14.69 19.13 18.37 2211 19.63
200 100 13.22 10.98 1551 2215 18.50
300 100 7.24 2.12 9.89 19.39 12.73
400 100 9.21 8.57 9.14 16.74 16.00
600 200 26.94 27.08 20.13  27.02 30.00
1000 400 45.07 45.57 3545 42,11 45.69
1500 500 5431 60.97 4147 4742 57.13
2000 500 38.89 35.71 2636  28.51 40.69
A1t total 209.57 210.13 176.31  225.46 240.38
FiRI I Precipitation 594.6 594.6 594.6  594.6 594.6
ik ET 385.03 384.47 41829  369.14 354.22
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4 FP=LIRSAEYIN WUE, \WUE, W3 4. WUE, K/
HEF R 2458 AR 2 55(10.89 kg/m?®) > HH R 9 5(7.23 kg/m?®)>
=i 88 £ K (6.79 kg/m?)>EEALE 1 (3.46 kg/m*) o WUE, K
I R 22 A8 AR FE (4,19 kg/m®)>HH R 9 5 (2.38 kg/m®)>
=5 88(2.20 kg/m*)> AL E 1 (0.06 kg/m?) , 55 NEP B9HE  ZEH AR A IF T 225008 R 22 B A T oAt 3 FhEYD
FPMlE]. oK FesC R B S R E A B0 WUE, \WUE,  FEr= W ig OB, nl i ek .

R4 AFFEWBSIEDKS T AR

Table 4 Water use efficiency of four industrial biogas crops

Bed AR AN PR AR AR S R G 7 IR 3 A FRCR HAK 269

Bt 25, WA ERGFIRZERARE . [ c4
T2 AR R B £ oK B WUE, \WUE, ¥ Lt ¢3 H41)
SACE SR, b Ze s IR BH WUE, B2 EHTE R 3
(VY

LR 4 FMEYI A=Y & \NEP .\WUEp .WUEe S84517,

S 9 Treatments B WL RGE N R TR FUTRE KA IR
Total biomass/(kg*hm™) NEP/(kg*hm™) WUE, /(kg*hm™) WUE, /(kg*hm™)
i1 9 5 Quchen 9 maize 27 746.5+286.7B 9 172.9+375.2C 385.0+14.3AB 7.21+0.34B 2.38+0.18C
Z:Hi 88 5 Yunrui 88 maize 26 074.7+70.3B 8 462.7+172.0C 384.5+9.0AB 6.79+0.15B 2.200.11C
FACARFEH Hybrid pennisetum 45 539.7+264.0C 17 533.1£142.6D 418.3+5.6B 10.89+0.16C 4.19+0.08D
LI T Alfalfa 12 740.2+748.9A 273.6+134.1A 369.2+6.9A 3.46+0.26A 0.06+0.08A
#Hb Bare land 0 -2 377.0£107.7B 354.2+4.0A 0 -0.67+0.07B
TN FIRARCE & T B AT SCOE B 2 A5 0L, R 2%

BN IR . A5 EAEETE 1 Co, HERL
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Comparison of net ecosystem productivity of farmland and water use
efficiency among different industrial biogas crops

Duan Qingsong®?, He Binghui**, Qin Xiangdong?, Zi Shuhui*, Zhang Tao?, Yang Xiuping?, Liu Yunhua?

(1. College of Resources and Environment, Southwest University, Key Laboratory of Eco-environment in Three Gorges Reservoir Region, Ministry
of Education, Chongging 400715, China; 2. College of Mechanical and Electrical Engineering, Yunnan A griculture University, Engineering and
Research Center for Industrial Biogas Technology of Yunnan Province University, Kunming 650201, China; 3. College of Basic Science and
Information Engineering, Yunnan A gricultural University, Engineering and Research Center for Industrial Biogas Technology of Yunnan Province
Unwversity, Kunming 650201, China; 4. College of A gronomy and Biotechnology, Yunnan A gricultural University, Kunming 650201, China)

Abstract: As a kind of main material for biogas plants, industrial biogas crop plays an important role in energy and ecology
area, in which ecological factors should be considered during the screening and planting of industrial biogas crop. Among
those ecological factors, net ecosystem production (NEP) and water use efficiency (WUE) are the most important ones. NEP
can indicate the status of carbon sinks or sources, and WUE can reflect the coupling of carbon and water cycles at
ecosystem level. Screening those crops with high NEP and WUE will be beneficial to the decreasing of greenhouse gas
emissions and the increasing of water using effect, which also can promote the development of biogas industry. To provide
theoretical basis for the screening and scale planting of industrial biogas crop, the NEP and WUE of 4 crops in central
Yunnan, including 2 types of maize (Zea mays L.) Quchen 9 and Yunrui 88, hybrid pennisetum (Penniseturm americanum x
P. purpureum) and alfalfa (Medicago sativa), were analyzed under normal planting conditions. The measurements were
taken on the pilot farm (25°18'N and 102°45'E, with an elevation of 1978 m) of Yunnan Agriculture University, Kunming,
China. The climate was classified as subtropical plateau monsoon climate, with a mean annual temperature of 15.3 °C and a
mean annual precipitation of 979.3 mm. The soil was upland red soil. The experiment was arranged in a randomized block
design with 3 replicates, and there were a total of 15 experimental plots with an area of 30 m? for each plot. All plots were
surrounded and separated by concrete ridges. The ridges were 100 ¢em underground and 20 em aboveground. The 2 breeds
of maize were transplanted on May 20" and harvested on September 29", 2013. Hybrid pennisetum and alfalfa were planted
on March 20", 2012 by cuttage propagation and seed reproduction separately, and both were reaped 3 times on May 20",
July 12" and September 29", 2013, respectively. The NEP and WUE were investigated during the growing period of maize,
from May 20" to September 29", 2013. For hybrid pennisetum and alfalfa, the total amount of the last 2 harvests was the
aboveground biomass. Soil core method (Luoyang shovel) was used to obtain the root samples of hybrid pennisetum and
alfalfa in 0-90 cm soil layer. The underground biomass of 2 crops was determined on May 20" and September 29", 2013
respectively, and the difference for the 2 times was the increasing amount of the underground biomass. The roots were
obtained when the corn was harvested, and the underground biomass was determined by drying the roots. Soil water content
was observed with a PR2 soil moisture meter. Soil respiration was measured by the soda lime absorption method and
corrected by the static closed chamber. The water evaporation was detected by the no-weighting-lysimeter. The
meteorological indices, including temperature and rainfall, were recorded with a weather station. The NEP was calculated
by subtracting the quantity of soil respiration from net primary productivity. The evapotranspiration, the population water
use efficiency(WUE)), and the ecosystem water use efficiency (WUE,) were estimated by water balance equation. The results
showed that: 1) The NEP decreased in this order: hybrid pennisetum (17 533.1 kg/hm?) > maize Quchen 9(9 172.9 kg/hm?) >
maize Yunrui 88(8 462.7 kg/hm?)>alfalfa(273.6 kg/hm*>bare land(-2 377.0 kg/hm?). The data showed that the 4 industrial
biogas crops acted as a CO, sink. No significant difference in NEP could be observed between the 2 breeds of maize, while
significant difference at the 0.01 level was showed between any 2 crops of maize, hybrid pennisetum and alfalfa. 2) The
WUEp of the crops decreased as follows: hybrid pennisetum (10.89 kg/m*)>maize Quchen 9 (7.23 kg/m*)>maize Yunrui 88
(6.79 kg/m’)>alfalfa (3.46 kg/m?). And the WUEe decreased in the same order: hybrid pennisetum (4.19 kg/m®) >maize
Quchen 9 (2.38 kg/m’)>maize Yunrui 88 (2.20 kg/m’)>alfalfa (0.06 kg/m?). No significant difference could be observed in
WUE, and WUE, between the 2 breeds of maize, while significant difference at the 0.01 level was showed between any 2
crops of maize, hybrid pennisetum and alfalfa. Comprehensively considering biomass, NEP, WUE, and WUE,, the bybrid
pennisetum demonstrates obvious advantage over other 3 crops under normal planting conditions and is more preferential to
be popularized and cultivated.

Keywords: crops; ecosystems; biogas; industrial biogas crops; net ecosystem productivity; population water use efficiency;
ecosystem water use efficiency



