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Table 1 Models of straw returning

INERHFE R

EXRFFEARK

W5 Model of wheat straw returning R HE Model of maize straw returning M2
No. Code No. Code
Z ¥R Name A% Content &% Name A% Content
: NN R B EW YLLK + B R
prmany O REERLHE L e
EER . EEH
B 1 Harvest with high stubble wC 540 . Machinery harvest + MC
Wheat straw crush- h hi Maize straw crush- hi hal
ing and retuming wheat straw + machinery ing and returning straw crushing + shal-
crushing + ploughing- low rotary ploughing +
sowing fertilizing and sowing
EXREHMER  HiRL R + BEE
MERFREE NENREREEK SEHEMEHR 4+ B+ RS
ExgH K+ BERR Maize straw crush- Machinery harvest +
B2 High stubble wheat Harvest with high stubble WH BRQ ing and mulching straw crushing + deep MM
straw mulching wheat straw + sowing with deep soil loos-  soil loosening + fertiliz-
ening ing and sowing
%+ EEER - BEBH IS Fh
B3 No wheat straw re- 3 WN BLO No maize straw re- e MN
. Harvest with low stubble . Harvest + fertilizing
turning . turning ]
+ sowing and plough — sowing
1.2 BMRFAE BRI AN ERIER, EXXRHBEHT.
1.2.1 #REFHF & (3) M BEEITR REHBENYREA

1) BEREMERE AXBEX, L 2010—
2011 SE—AEBHEFEEARR, R BWEE
PEEPHETBEAMEHBER YN RE
BLEHTARRETE, HEPHESTN . EX
BEREGNERTERBEESEZ R A+ Gkt 8
MRS RIS-P, BEHENTERUKMHE
BB ARE FHRAG~HOKBRERR
FEESE Odum . BRFEHEHLER,

() 2HEERRSEE MNA H.T.Odum & “fE
BEGEEVEG, 2HERREE (A 1,2),8
FEFPIEHREABRAMZETE FEHSEHE
HMEXR. BEBAGAERTERNBREER A
FEHNARER ANER LI MBI TEHRE
PLEE OB A 10-2) ) AT E B A B R HEAHE KH
it XUBE KL 8 T KBREF  ATEHH AR
BRHREOERELHRAE ATEF T HBREAEE
MR RRANRE ALE R PR T E
BAVBAEEEEPRANT I M TFHETSE,

s B RS A XRS5 2) R AT AR
ARHE:
Y = KX (1)

He, Y ERERE NEHRBE() KATBABGX
FMAMSENRRY AR (kg 3 ) REL
K1) HEAEER 2,

HAASHARREEZENHNEBERRE,
H5 7 5 B B 5 B Sy G5 — MY BB {EL B (sej) , ACFH
BEfHITE

KPHEEME = JRREHE x KFHREEKHE (2)

REAR Q) HE B K HEEME, 4 B2 B
=, 8K 3,
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Fig.1 Emergy analysis of the model of straw returning in agr-ecological system
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Fig.2 Emergy analysis of the model of no-straw returning in agr-ecological system
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3.1 FAARFEAMKXEEBAEHI T
3.1.1 TEHEEABA BANRBESREH
AEHFREREEEREKHEMRK, HEERA
FESHBRROEHEAN SBEGEEX, Bk, &
MEBRAWATEHRAERFENBEMEERE, ¥R 1.32
% 10" sej/hm* (B — & B K{H) .
AMEHFHEIEEEF I B F.oNM4BPAE

TAEVENEZREEETHINBRA. HTFDER
HFACHEESHAEELRRX, LA HE
KUERFELHAN  TEHFENBHBEARKRE, WN
~MC.WN - MM.WN - MN X 0] EH AL A
HEREERAMKASI N 4.00%.4.02% .
4.20% ;WH - MC.WH - MM, WH - MN, WC - MN,
WC-MM.WC-MC XK AT EHFAHENTAR
B, ERBERAMLATINA 2.60%.2.74% .
3.49% .3.36% \2.84% .2.89% ,
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Table 2 Energy input and output of different straw returning models

. " ﬁgfiy& FEALBE B ¥ Original data of different models/(10° J-hm~2)
Item Unit transformity
/(10" J+unit-1) WH-MC WH - MM WH-MN WC-MN WC-MM WC-MC WN-MC WN- MM WN - MN
# A Input
EXMF Maize seed kg . 1.65 0.53 0.53 0.53 0.53 0.53 0.53 0.53 0.53 0.53
/NEFhF Wheat seed kg 1.57 1.06 1.06 1.06 1.06 1.06 1.06 1.06 1.06 1.06
% 71 Man power A-d 0.54 0.10 0.10 0.10 0.10 0.10 0.10 0.15.  0.15 0.15
WE K Wheat straw kg 1.37 23,92  19.10  19.9t  23.20 22.31  21.45 0.00 0.00 0.00
FEKFEF Maize straw kg 1.44 34.94  32.87 0.00 0.00 24,18 2305 23.74 23.14 0.00
#IE Nitrogen fertilizer kg 9.10 1032 10.32 1032 1032 10.32  10.32  10.32  10.32  10.32
B2 Phosphate fertilizer kg 1.34 0.60 0.60 0.60 0.60 0.60 0.60 - 0.60 0.60 0.60
R P Pesticides kg 10.20 4.13 4.13 4.13 4.13 4.13 4.13 4.13 4.13 4.13
KHL Agricultural machine kW-h 0.37 1.59 1.59 1.74 1.719 1.61 1.61 1.55 1.55 1.69
%M Diesel kg 0.48 0.13 0.13 0.15 0.16 0.14 0.14 0.12 0.12 0.14
#,7] Electricity kW-h 0.36 1.85 1.85 1.85 1.85 1.85 1.85 1.85 1.85 1.85
7= Output
NEFFH Wheat kg 1.57 42.28 46.83  39.07 33.82 45.62 46.10 31.70 32.60 34.94
FKIFR Maize kg 1.65 53.04 49.77 50.38 52,99 46.50 50.7t  50.60 45.75  43.62
/NE RS HF Wheat straw kg 1.37 .92 19.10  19.91 2320 2231 2045  27.18  25.04  23.76
EKKEH Maize straw kg 1.44 34.94  32.87 3355 25.75  24.18 23.05 23.74 23.14 21.55

RAREETERNEMEKRFHBHF, 5T 914
METHER & U RMEBERN 8,72 5H
2.29 x 10" sej/hm?.2.03 x 10" sej/hm®,7.76 x 10™
sej/hm’ .9.05 x 10* sej/hm® ,1.81 x 10 sej/hm’ . 1.74
x 10" sej/hm®.9.26 x 10" sej/hm?.9.02 x 10" sej/
hm?. 0 sej/hm’, & S BEH B A B K H 2 5 K
41.94% .39. 11% . 19. 07% ., 21. 45% . 36. 20% .
35.37% . 2.70%2.271% .0, 51 T WH - MN, WC -
MN.WN - MC.WN - MM &R FFE B8, BT b
HBITE 2% A4, WN - MN HRFEAREHE , FTEA R 0.
3.1.2 RTEH I LWHERAN ITLHENA
AT Tl 4 B B8 A 4> 515 2.88 x 10 sej/hm’
2.88 x 10" sej/hm*.3.00 x 10" sej/hm*,3.03 x 10"
sej/hm? .2.90 x 10" sej/hm? ,2.90 x 10" sej/hm’.2.84
% 10" sej/hm?.2.84 x 10" sej/hm*.2.96 x 10* sej/
hm?, &5 S HRBE R LB R952.75% .55.49% . 73.71%
71.80% . 58. 00% . 58. 94% . 69. 61% . 70. 12% .
76.29% . WA ZABXWEERAFHAUL
WaEBhEE I, P ERALERE.,

9L EE R WAL AE R Z B B — AL, AR EH
T B SR8 A A2 53 3 A T AR b DU 0 56 0l 1Y
B T 42 T BT o L BRAK . B3 F E RS AF R L
BAKEAHBEIEREZHOIRR, FLUZEAT
RV BEEBAEH. WH- MN,WC - MN,WN

- MN LR BB IE B A 42 514 1.31 x 10" sej/hm? |
1.34 x 10" sej/hm? . 1.27 x 10 sej/hm?, 1§ 7 7} B 3
TAVHEBIRERA ST 3R 43.67% 44.22% \42.91% ;
WH - MC.WH - MM, WC - MM, WC - MC.WN - MC.
WN- MM B PR BEE R A 53 51K 1.19 x 10 sej/
hm® \1.19 x 10" sej/hm® . 1.21 x 10" sej/hm®,1.21 x
10" sej/hm? \1.16 x 10" sej/hm? ,1.16 x 10" sej/hm?,
AN EHF T HBIERALTF N 41.31%,
41.72% \40.84% ,
3.2 FEMFEEMXOEES”HD
HTFESTEEY-RMBFEERE, U™
HEEHBABRAER. oML ENEE~H 5N
7.60 x 10" sej/hm’ . 6.55 x 10" sej/hm*.5.19 x 10
sej/hm? .5.64 x 10" sej/hm’ .6.42 x 10" sej/hm?® .6.24
x 10" sej/hm?.5.52 x 10" sej/hm?.5.07 x 10" sej/
hm? \4.77 x 10" sej/hm®, BE{H = tH R BLAK R N WH -
MC>WH-MM>WC-MM>WC-MC>WC-MN>
WN - MC > WH - MN > WN - MM > WN - MN, M fE
HAMWAEXRE, NEHHABEES EXBHB
BEEFH(WH- MOOBKRAMBE> LR, EE
RHTFZEITHEUNLST ™ ESEH > R ED
B, MhFAERBFHELH(WC) TEDK
SFT-RABH - EHEEBELH(WH) MK, 1
BRE-HEMBRK. DEBFAEH - EXEF
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Table 3 Emergy input and output of different straw returning models

KA ESRE K BHEEME Solar emergy/ (10" sej-hm™?)
TE Transformity
em P
/(sej*ji”')  WH-MC WH-MM WH-MN WC-MN WC-MM WC-MC WN-MC WN-MM WN-MN

TMEHFAREE R
Renewable natural resources

K FHBE Solar energy 1.00 1.60 1.60 1.60 1.60 1.60 1.60 1.60 1.60 1.60

MBE Wind energy 6.63 x 10 1.73 1.73 1.73 1.73 1.73 1.73 1.73 1.73 1.73

Fﬁﬂ(ﬂ:'%"aﬁﬁ 1.54 x 10° 13.20 13.20 13.20 13.20 13.20 13.20 13.20 13.20 13.20

Rainfall chemical energy

mi%gﬁ . 8.89 x 10° 6.49 6.49 6.49 6.49 6.49 6.49 6.49 - 6.49 6.49

Rainfall potential energy

/Nt Total 13.20 13.20 13.20 13.20 13.20 13.20 13.20 13.20 13.20

AAEFAMREER N

Nonrenewable natural resources

FLB®B#ME

Top soil loss 7.40 x 10* 2.18 2.02 1.88 1.64 1.89 1.48 1.38 1.32 1.23
/Nit Total 2.18 2.02 1.88 1.64 1.89 1.48 1.38 1.32 1.23
AEHEHE R,
Original energy
EXRFT Maize seed 6.03 x 10* 3.20 3.20 3.20 3.20 3.20 3.20 3.20 3.20 3.20
HEMT Wheat seed 6.80 x 10° 7.21 7.21 7.21 7.21 7.21 7.21 7.21 7.21 7.21
3571 Man power 3.80x 10° 3.80 3.80 3.80 3.80 3.80 3.80 5.70 5.70 5.70
/it Total 14.20 14.20 14.20 14.20 14.20 14.20 16.30 16.30 16.30
RERME R,
Feedback energy
NFEHFF Wheat straw 3.90 x 10* 93.30 74.50 77.60 90.50 87.00 83.70 0.00 0.00 0.00
EHKFEFF Maize straw 3.90x 10* 136.00  128.00 0.00 0.00 94.30 89.90 92.60 90.20 0.00
/Nt Total 229.00 203.00 77.60 90.50  181.00 174.00  92.60 90.20 0.00
TAMBIRE F
Purchased supplement energy
#ME Nitrogen fertilizer 4.62x 10° 52.40 52.40 52.40 52.40 52.40 52.40 52.40 52.40 52.40
B AP Phosphate fertilizer  1.78 x 10 79.30 79.30 79.30 79.30 79.30 79.30 79.30 79.30 79.30
AR 25 Pesticides 1.62x 10° 6.56 6.56 6.56 6.56 6.56 6.56 6.56 6.56 6.56
4% Hl Agricultural machine 7.50 x 107 119.00  119.00 131.00 134.00 121.00 121.00 116.00  116.00  127.00
457 Diesel 6.60 x 10° 0.858 0.858 0.990 1.06 0.924 -~ 0.924 0.792 0.792 0.924
#8373 Electricity 1.59E + 05 29.40 29.40 29.40 29.40 29.40 29.40 29.40 29.40 29.40
/Mt Total 288.00  288.00  300.00  303.00  290.00  290.00  284.00  284.00  296.00
BN T Total emergy input 546.00 519.00  407.00  422.00 500.00  492.00  408.00  405.00  388.00
BEME < Emergy output
ERIFH Maize 2.70 x 10* 143.00 134.00  136.00 143.00 148.00  137.00 137.00 114.00  108.00
/NFEFFBL Wheat 6.80 x 10° 388.00 318.00  206.00  230.00 310.00 313.00  216.00  212.00  201.00
EXKFEF Maize straw 3.90x 10* 136.00  128.00  103.00  100.00 95.30 89.90 92.60 90.20 81.00
INEFEFF Wheat straw 3.90x 10* 93.30 74.50 73.60 90.50 88.90 83.70 106.00 90.70 87.00
B Y Total emergy output 760.00 655.00 519.00 564.00 642.00 624.00 552.00 507.00  477.00

H AEHEARE(R)AEKEE. K FRLEE HARE REARKEHANEAHNR FHRNBFIHE A TRAH MM
S, AURBE R K E — R ARFERITEURESR, )
Note: The renewable natural resources indude solar energy, wind energy, rainfall chemical energy and rainfall potential energy. That calculated by average

annual of solar rodiation energy and average annual rainfall. Because of the same cources, take the maximum calculated to avoid repeated.
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AEHBER(WN - MN) WA R 2 RARE, HaEE
FHBRRME. TR, MREBEHFREES ERRF
B EHEEH(WH- MCOBAEA A Tkt KRl
EFRRE.

3.3 FERFIEERMXPEMEEFRIN
BREA R L BRI EBERA R, i
BHERMEEER, LE 4,

£4 FTEBFERRXNEME RS T
Table 4 Indexes of emergy analysis of different models

WH-MC WH-MM WH-MN WC-MN WC-MM WC-MC WN-MC WN-MM WN-MN

BEE G 4R #ixR

Emergy index Expression
REASE %
Emergy self-sufficiency ratio (R+ N)/T 2.81 29
&BE{EF'%; . Y/(F +Ry) 2.52 2.17
Net emergy yield ratio
REMEBAR (F+R) e 19.82
Emergy input ratio /(R+N) ’ ’
HiEHER (F+N)/ 13 1.26
Environmental loading ratic (R + R, + R;) ’ ’
RERRE %
Feedback ratio Rz/( F+ Rl) 75.90 67.28
BRESET

. . Y/r 1.39 1.26
Output to input ratio

3.5t 3.02 2.98 3.57 3.58 3.71
1.78 2.11 2.05 1.83 1.69 1.28
21.36 20.13 20.69 20.63 20.71 25.91

2.58 1.40 1.45 2.34 2.39 12.16

24.73 28.56 59.58 57.28 30.79 29.99 0.00

1.33 1.28 1.27 1.35 1.25 1.23

3.3.1 #{ias % REAAFEREEFRHER
BEBASRELBEBRAZL REREXNHR
WERRHRE, xRS EEN BRAEN
KRR B AR, X b AR 45 W 3K HE BB {8 A9 B A K
BA, HEEEM S ,/ME EXRHEHFHAREM(WN -
MN KX AR HEBR K, NERFEEENE
K FEFF B BEE B (WH - MC)BE R 38 4K T W K
REfH -

3.3.2 A hE SEESHERETTHE
HESARMLSEFHFRGERANMLEHEHZIL, ER
B W 3K BE B0 P AR BB R B, R
LA AR, AT RN AT RERA
MAFREERL, USRNSSR S HEE, 9
AP FEFF R B WH - MC.WH - MM.WC -
MM.WC - MC B ¥ fEME 7= R B R, 0 38 2.52,
2.17.2.11.2.05, K /NERFH R PEMEKRSH
WMBEE(WH- MC) R B &, 7 B & M aRE A H
WE, AP RAB MK, WH- MN,WC - MN,WC -
MN.WN - MM.WN — MN 924 RE 7= th B, 55
3 1.65.1.78.1.83.1.69.1.28, i/ hF EXREF
AL H(WN - MN) B B AL, BBE A AR RIK,
BREREEFRAENREFERABRSNETE
B AEETHERE RSB

3.3.3 fABAE BERARFTALZFR
GRAMGLEESNBRAFEFRE AN LEEE

B2 EHELFABRBENE R, HAEBK,
ETRAERBERESE. WH- MN,.WC - MN,WN
- MC.WN - MM.WN - MN B2 # A %4 51 %
20.81.21.36.20.63.20.71.25.91, WH - MC.WH -
MM.WC - MM, WC - MC 4 3 % 19.62.19. 82,
20.13.20.69, AI WA A LTHMEEBAENE
TFHREFFE B, 15 8 (0 0 422 30 5% %% I8 A4 1) T A
BATEZNMLERE, FERAISHALHEL
BHEHEREZNAAY S,

334 HEAKE ALHBBHESASTEHRNRF
BREEEZ MG EFARREEMEZ ., Rk
TEARFENEHRESNNRZE S SLAEMNFE
ERFEN 1.13.1.26.2.87.2.58.1.40.1.45.2.34,
2.39.12.16, I REMHATHRIUAEFTEERZA
THBIRBEMWARBARKSEBNTE, X RA]
B H PR B MR A R R AR X R, (R B X 3RO B R
F MR, X T, NERHEEEMEX
FAFF A6 B (WH - MN) /D 22 5 77 8y 86 50 H F E K
BHFAZLH(WC - MN) INERFREB M E RS
FEBH R B (WN - MC) /N3 F5 FF A 8 B 1 E KA
FHBRESEH(WN-MM) NERFTFAEHMNE
KREHABH(WN-MNHRERBREREKR, LH
EFAEYHALHBEA T AARK, HAXILH
4 A 4 3B R 7E 52 R M F e i BAR P AES IR

3.3.5 iR E FTEFEIANBES R
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HEWLRENILLE, RERRGE AL INTE
W, HERK, ERXRENBALARNIBR, T
WMTHRAZHER T BHARIER, Bt WH -
MC.,WH - MM.WC - MM, WC - MC BIRE{E = Bt R %
B8N 75.90% .67.28% .59.58% .57.28% , ik
B HEERRE R, B4R HER, W WH-
MN.WC - MN,WN - MC.WN - MM.WN - MN #J8E{4
EBREEME, BN 24.73%.28.56%.30. 79% .
29.99% .0,

3.3.6 g HEFRESERENHE,R
HEREMHRENER. dEESTETRETA,
NEREF R B ER KSR ROE H (WH - MC) 4
KRB RA,EE 1.39, HE4 W EAH A
EEF. HHEFEAREH(WN - MN) BN
1.23, K RBER A ARELBMEN .

4 & #©

1) HABHATES T MBIBERA SR
GUBESANKERA, K P LBEERALT
WHBBERALER®S, LEHKEFEALRE
gk 4 A YUR 9 BEE , [ B 3R 2 x4 SR 1 RIS e
RHFRAESREMAFERE., FLIRGE Y #E
WL BB, 1 A HLAR B9 68

2) M kb 38 3 5 B0 FE BT HO A 40 47 BT 40, /s
EEFEEEMEXREITFBELH(WH- MC)#R
i BE A PSR B 3 P08 BB BT L SRR
B FHREBRK, GEKXFEATFRULEFRE,
RERBBEOBEFEEEFER,

3) BHEERYEERBEEAEEZYE
ARG E 69, L7 BLET 00 B 4 9 3 M SR 4B 304 F O
BR1E R B A5, F (XL BB IR 20 SR I TS e , T LW 2D
T XA ERBA MR, ST T Yo B W BRI A
REAEER, B R, Hi, 72 0 F B K J
BRAEBERSHEBRS, RELAARE  B+]
FRI s F 9E IR 7S 4 P AR S, ik L A AR b A 7= 1
HeEP R ET R,
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Emergy analysis of agricultural models of straw returning
in the central Shaanxi plain

JIANG Bi, LI Ming, WU Xi-hui, TONG Xiao-gang, WU Fa-qi
( College of Resources and Environment, Northwest A&F University, Yangling, Shaanxi 712100, China)

Abstract: Crop straws burning or idling not only caused serious air pollution, but also caused a tremendous waste of
resources. Therefore the straw recycling research gets more and more attention. Based on the theory and method of emer-
gy analysis of eco — economic system, the emergy flow of 9 different straw returning models was investigated quantitatively
through a series of indexes. The results showed that, input of nonrenewable industrial emergy in all models was the
largest contributor to the total emergy inputs, and input of chemical fertilizer emergy had the biggest proportion. Emergy
output of wheat straw and maize crushing and returning (WH — MC) was the highest of 7.60 x 10'° sej/(hm’+a) . The e-
mergy utilization efficiency of the high stubble wheat straw vand maize crushing and returning (WH — MC) was the highest
while the environmental loading ratio was the lowest, and the feedback and value to cost ratio were the highest, reaching
2.52%, 1.13%, 75.90% and 1.39 respectively. Therefore, the mode of the high stubble mulch of wheat-and com
straw chopping is the optimal model in planting production in this area and should be widely popularized.

Keywords: straw returning; model; emergy analysis; central Shaanxi plain
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Effect of Na* on silicon and phosphorus dissolved by two strains microorganisms

GAO Hai-ning'?, JIAO Yang''?, LI Cai-xia, ZHANG Yong, YANG Bin"~
(1. Agriculture and Biotechnology Institute , Hexi University , Zhangye, Gansu 734000, China;
2. Key Laboratory Hexi Corridor Resources Utilization of Gansu Universities , Zhangye, Gansu 734000, China)

Abstract: Research was conducted to observe the impact of Na* ion on silicon(Si) and phosphorus(P) dissolved by
Rs - 2 and Rs - 4 strains. The results indicated that NaCl condition could improve Si dissolved by Rs — 2 strains and Rs
- 4 strains. When Rs - 4 strains were cultivated 72 hours, concentration of dissolution Si reached 106.92 pg/mL under
1.5% NaCl, and 148.9 pg/mL ny Rs - 2 strains under 3% NaCl. Then, NaCl condition could facilitate dissolution P
capacity of Rs — 4 strains, after 72 h, concentration of dissolution P reached 115.68 pg/mL under 3% NaCl. Further-
more, based on the changing with time, dissolution Si character of Rs — 2 strains accorded with Logistic curve type, and
regression analysis showed that dissolved silicon and time was in positive correlation and had significant relationship. Fol-
lowed dissolution P character of Rs — 4 strains accorded with binomial type, and had Qery significant relationship and high
reliability . :

Keywords: bacterial strain; Na* ; dissolved silicon; dissolved phosphorus



