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Emergy analyses of wheat and pea production under conservation tillage
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(1. Gansu Dingxi Academy of Agricultural Sciences, Dingxi, Gansu 743000, China;
(2. Resource and Environment Faculty of Gansu Agricultural University , Lanzhou, Gansu 730070, China)

Abstract: Upon the implementation of multiple cultivation practices on wheat and field pea including traditional
farming (T), no-till (NT) and conventional tillage with straw returned (TS), no-till with straw cover (NTS), conven-
tional tillage mulching film (TP), and no-till with plastic film mulching (NTP), emergy theory and method were used to
analyze the input and output values of emergy, the net emergy output ratio, the emergy investment ration, and the macro
economic values. The results showed that under the same farming and planting practice, the emergy input of wheat was
more than that of pea, whereas the emergy output of peawas five times greater than that of the wheat and the macroeco-
nomic value from pea was far bigger than wheat. In addition, under different farming methods, it was found thatthe nete-
mergy output ratios with no-till treatment were greater in both wheat and pea than those with the cultivation treatment.
Because the input costs of the human labors and machinery services using three modes of traditional farming was far higher
than those using three modes of no-till cultivation, the total emergy input with cultivation was therefore greater than that
without. It was further uncovered that under no-till farming with straw mulching treatment, the net emergy outputs and
the macroeconomic values of wheat and pea reached their maximums, 0.64, 3.93, 9.26, and 53.1 respectively. The
above results indicated that theno-till farming with straw mulching treatment could not only minimize the input costs, but
also increase production, achieving the optimal ecological economic benefits .
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Table 1  Treatment description
i A3 B 5k
Code Treatments Operation
EGHHE VEIUSCAR 5 22 LSRR A A = B0 , AP n 8 A Oy BEAT 45 1 Bk, 8 AR AN 9
T N A5 HEATER 2.3 WBHE , BIBFR LK YN 20 em 10 em AT S emo 9 355 3 WHk

Conventional tillage with no straw

TEJEHE 11K, 10 A 3 RE5 BT 8 11K,

NT i SAEAHEE 3B RIS F S BHRE R — YR 58 B R R NE , A 56 AT AT AL R Ok IR
No-till with no straw cover F2,4-D THERRH .

S TEGHHE + FE5FF e BHETT IR T, 2255 1 UOHEVE (Y 1R B BTZE VE YRS A B B RS A F P34 243 000
Conventional tillage with straw incorporated  kg*hm™?2

NTS Gk + REFFEE HHE FERRIBR 575 R NT, RV CR G 22505 2 4R 8A 3 00 b 1l 2 VE RS #F

h No-till with straw cover FEFF B3 54F 4 3 000 kg hm ™2
wo TORPHEODRES BE(E 720 T, e — VCBEHLR PRSI RLALIE . 650 FEL O 50 DL
onventional tillage with plastic mulch
N A2 TV BUREE B RS B LI B0, 36 ML) T

No-till with plastic mulch

BN R ETE 40 57, #EFh o 187.5
kg hm™2; B 5 Fl Ol “ gk 157, R E 100
kg hm™2, NT.NTS &b 2 F H [ 4l 27 B il 1) G
HHEFYLIEFD /N ATHE 20 om, Bi G ATHE 24 om,
FERIGN T emo F/NERBI A3 A, Bl
JEAE 3 N A) . NS AL BB 105 kgehm ™2,
P,05 105 kghm™2; Bii 7775 AL BRI 7t & 20 kg* hm ™2,
P,05 105 kg hm ™2, Fr 45 REALES VR Ay 35 FIE A6 4 ol B[]

A o

TS I NTS &b HEAE 350 A 4R A 1 2 - —4F 8T
kR /NFZFEFE, L RHITT, DIRE AR 3 em 245 S5 249503
A T/NX A, A 3 000 kg hm ™2, 15 F4E 8 TS
FNTS £/IN R 2E WU VR 90 00 7 FT FIAE ) 58 42 8
JT38 4% /N X, TP Fi1 NTP Ff F 1 i N 40 em 58,
0.015 mm JE R IR, SR YRR TERT—4F 11
AR,
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Table 2 Emergy inputs and outputs of wheat and field pea planted with different treatments(2001—2010)

AbFE Treatment

WiH T NT TS NTS P NTP

ftem NE O miE NE B NE WY NE BiW ANE Bid ME B

Wheat Pea Wheat Pea Wheat Pea Wheat Pea Wheat Pea Wheat Pea

KIFHAE Solar energy 0.19 0.19 0.19 0.19 0.19 0.19 0.19 0.19 0.19 0.19 0.19 0.19
7K 162 Rain chemical energy 0.67 0.94 0.67 094 0.67 094 0.67 0.9 067 094 0.67 0.9
FH/K#HE Rain potential energy .52 1.52  1.52 1.2 1.2 1.52 1.2 1.52 1.52 1.2 1.52 1.52
AI T HT R AE(E Renewable resource  1.52  1.52 1.2 1.52  1.52 1.2 1.52 1.52 1.2 1.52 1.52 1.52
A Nitrogen fertilizer 1.53  0.29 1.53 0.29 1.5 0.29 1.53 0.29 1.53 0.29 1.53 0.29
WiAE Phosphate fertilizer 591 591 591 591 591 591 591 591 591 591 591 5091
HLA Machinery 6.31 631 1.75 1.75 631 631  1.75 1.75 9.47 9.47 421 4.21
A2 Pesticide — — 6.37  6.37 — — 6.37 6.37 — — 6.37  6.37
HiE Plastic — — — — — — — — 0.85 0.85 0.85 0.85
&szii%ﬂtﬂfﬁﬁﬁﬁﬁ 13.75 12.51 15.56 14.32 13.75 12.51 15.56 14.32 17.76 16.52 18.87 17.63
NJ1 Labor 7.26 7.26 225 225 7.89 7.8 290 290 7.89 7.89 2.90 2.90
Z 71 Animals 1.90 1.90 — — 1.90 1.90 — — 1.90 1.90 — —
7 Seed 238 1.26 238 1.26 238 1.26 238 1.26 238 1.26 238 1.26
T Straw — — — — 290 3.43  3.19 3.83 — — — —
Eijfbi%zfj% 11.54 10.42  4.63 3.51 15.07 14.48 8.47 7.99 12.17 11.05 5.28 4.16
BRBEIEA Total input 26.81 24.45 21.71 19.35 30.34 28.51 25.55 23.83 31.45 29.09 25.67 23.31
FFSE Seed 7.03 60.63 6.51 65.31 7.21 68.72 8.19 79.83 7.88 71.20 7.73 77.24
F&#F Straw 5.90 6.64 6.00 7.26 6.45 8.8 7.09 7.8 6.78 5.04 7.10 6.49
AETET= H} Emergy output 12,93 67.27 12.51 72.57 13.66 77.52 15.28 87.71 14.66 76.24 14.83 83.73

AN R G SR Dok A BhRE S S B RERY
F B2 K TR 7 R Tk 4 BhaE 5 B BhREAY LE
il o URBAEREE S5 0 /N A2 BIAE ) BTk i, IR, 7
ISR IR PR 2R T I AS W 8 o T K R AR A, LASE
FXF ISR RO o T MLAR Bh B 5 B4 Bh B
H A G TS> T> TP > NIS> NT > NTP, #HE T
A B BIRE & L R T e sty 5, EEEHHE
JF AT BB A LR R . Tolk 4B fg
HBAFEZDIER AN £ BHLHBREERA F
FOR A AT B S RIREA, o LA RAK
Fo TokAHBIREME (LR REMEREA S 4% e,
NP BRI PRI R T = TS > NTS = NT >
TP > NTP, 7E AL NE A 2 4 [F] A 18 00 T, E il ok,
UEAHE A e Tl 4l By AR BB AELER /N, B
FEE SRL S R | LA L A 2 BB B A2 o LU AR /N
YR B R, P A A, T RB(EFA
4 NT > NTP > NTS > T> TP > TS, Sl b H F Fh 1 fig
EBAIKFHHET XA ATTRBIERAMKIK
A TP>T>NTP> TS > NT > NTS, #5720 F A S fE
EB A KTt XA se A VU & T
o7 LI e a /N

5 G R R R R e B O SR Dok Al B s o sl
BIRERY EL B3 R T HEE D X Dok A B ae o5 S Bl
RERTEL . BEVE D7 20 A WLAH B AR A7 9 LU K T
GBI XN A VLEE &5 0 L], 3B O BEE O X
TATIRBIEM A LR . NFR 3 AT 50, I XA
YU B REh EEMRBEI AR B AT BT & I M
FAF o a0 DA [ J =X 9 o oo T AR A )
(1), Fh 45 A REEAHSE , B REIEEEA o5 AT BB AT 1L
BERE A H 91 43 )M 12.09% . 35.90% . 8. 70% .
16.49% 11.40% .30.29; N JJREMHIRX A L vl 5 B A4
PLAE(EL 1Y KL 190 20 51 N 54.30% . 64.10% . 54.49% .
71.40% .69.71% .37.96% , Ff i FL % K, 156 I A
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Table 3 Comparison of emergy input structure of wheat and pea planted with different treatments
AbFE Treatment
BEAEE bR T NT S NTS TP NTP
Fmergy index NEBE ME mE M R M BE M WY M HE
Wheat  Pea Wheat  Pea Wheat  Pea Wheat  Pea Wheat  Pea Wheat  Pea
IR AE(E /AL
.ﬂﬂﬁﬁﬁb{ﬁ/ RE(H 567 6.22 7.00 7.86 5.01 533 595 638 4.8 523 592 6.5
Environmental emergy/Total emergy
B RE /S RE
. Iﬂk.%ﬂjjﬁb/‘b AEAEL 51.29 51.17 71.67 74.01 45.32 43.88 60.90 60.09 56.47 56.79 73.51 75.63
Industrial assistant emergy/Total emergy
2 2
ﬁ.mﬁafﬁ/,ﬁ'\ﬂufﬁ 45.63 42.62 21.33 18.14 49.67 50.79 33.15 33.53 38.70 37.99 20.57 17.85
Organic emergy/Total emergy
STREAY /B AL
WS REAEL/ BB 94.33 93.78 93.00 92.14 94.99 94.67 94.05 93.62 95.17 94.77 94.08 93.48
Purchase emergy/Total emergy
Tl B REAEL S 5 B AE(EL
Industrial assistant emergy 54.37 54.56 77.07 80.31 47.71 46.35 64.75 64.19 59.34 59.92 78.14 80.91
/Total assistant emergy
B g 0 2
.ﬁmﬁaﬁ//u ﬁﬂj?ﬁb{ﬁ 45.63 45.44 22.93 19.69 52.29 53.65 35.25 35.81 40.66 40.08 21.86 19.09
Organic emergy/Total assistant emergy
2 g ap
. ﬂ:HEHb{E/I\”/:%EJJF.Ib 54.11 49.56 47.81 43.30 54.11 49.56 47.81 43.30 41.89 37.53 39.43 35.17
Fertilizer emergy/Industrial assistant emergy
o -
. mmnh{E/Tﬂ%E’hnb 45.89 50.44 11.25 — 45.89 50.44 11.25 — 53.32 57.32 22.31 23.88
Machinery emergy/Industrial assistant emergy
&b ik b ik
e — —  40.94 448 —  — 40.94 448 —  — 33.76 36.13
Pesticide emergy/Industrial assistant emergy
HE LA -\ ft B B
IR RE(EL/ L L A B - — = = = = = = 479 515 4.50 4.8
Plastic emergy/Industrial assistant emergy
2ok 2l fo ok
}\Jjﬂbﬁ/ﬁmﬁb%%ﬁb{ﬁ 62.91 69.67 48.60 64.1 52.36 54.49 34.24 36.30 64.83 71.40 54.92 69.71
Labor emergy/Organic assistant emergy
2 1 4k 2
WA GE{E /A HLAERE 1446 1823 —  — 12,61 1312 —  — 156 17.19 —  —
Animals emergy/Organic assistant emergy
P ok 2
. W%Hbﬁ/ﬁm%%ﬂbﬁdﬁ 20.62 12.09 51.40 35.90 15.79 8.70 28.10 15.77 19.56 11.40 45.08 30.29
Seed emergy/Organic assistant emergy
LT AL Ll L Bl Sl
FFFAE(EL 1 BLAEAR ) RE T — = — 194 23.69 37.66 4.93 — = — —  —
Straw emergy/Organic assistant emergy
x4 AEVEBET/NEZMNHEMEREEHILER
Table 4 Comparison of emergy structure of wheat and pea planted with different treatments
AbFE Treatment
i H T NT TS NTS TP NTP
frem NE BE ME s Mk R ME B M BN K Bl
Wheat  Pea Wheat  Pea Wheat  Pea Wheat  Pea Wheat  Pea Wheat  Pea
HREME % Net emergy yield ratio  0.51  2.93  0.62 4.07 0.47 2.87 0.64 3.93 0.49 2.77 0.61 3.8
AEMEHEA Emergy investment ratio 16.64 15.09 13.28 11.73 18.96 17.76 15.81 14.68 19.69 18.14 15.89 14.34
FEMZ B Macro-economy value 7.84 40.77 7.58 43.98 8.28  46.98 9.26 53.16 8.88 46.12 8.99 50.75
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INFZ 2 A B NTS > NTP > TP > TS > T
> NT, NTS &b BN /INAZ (9 228 5 (B e K, NTP 4k
PR Z 5 i 52 0 % A BE A {1 NTS > NTP > TS > TP
>NT > T, NTS b3 F B 5117 % W24 5 i 8 Je K,
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