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Abstract : Huantai was the first county in northern China which achieved an average grain yield of 15 t/hm” from 1990, and
has experienced a rapid agricultural intensification process since 1980s. Crop straw management has been an increasing
challenge for local farmers and technicians as fuel demand decreased and uncoupling of animal husbandry with crop
production. Huantai county initiated the program of crop straw incorporation to cropland since 1980s and by the 2010s,
100% of crop straw had been recycled. We collected crop production within the period of 1980—2014, and the
corresponding parameters of straw and soil nutrients and soil organic carbon (SOC) contents, greenhouse gas ( GHG)
emissions and nitrogen (N) leaching, to quantify the ecological impacts of crop straw incorporation. The study found that

crop straw incorporation contribution increased to 19.3% , 15.8% and 59.8% of N, phosphorous (P), and potassium ( K)
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in total nutrients input ( chemical fertilizer+straw) in 2014, respectively. In 2014, the SOC content (0—20 c¢m) for the
whole county increased from 7.8+1.6 g/kg to 11.0+£2.3 g/kg; meanwhile, soil available N, available P and available K
increased by 134.0%, 138.5% and 62.2%, respectively, compared with that of 1982. During 2010s, global warming
potential of N,O, ammonia volatilization and N leaching were reduced at 24528 Mg CO,-eq a~', 156.4 Mg N hm™ and
287.4 Mg N hm™, respectively. In the future, besides direct incorporation, other measures such as compost and
replacement of animal husbandry feedstuffs, maybe introduced to further improve the economic and environmental benefits of

straw incorporation.

Key Words: straw incorporation; intensive agriculture; soil organic carbon; greenhouse gas; nutrients; ecological impacts
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3.1 1980—2014 a5 B A& /NE - B FAFEF L HIE N
M 1980 4E % 2014 4F  fH G H A Z A [m) ] 5522 £ 20 ll Jr 1a) & & 3 1995 4F  /NEFEFTE b
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Table 1 Nutrients returned to the cropland due to maize straw incorporation and contribution to wheat grain production in wheat season from

1980 to 2014 in Huantai County

; Iy =
gat) R A %ﬂiiﬁéﬁﬁf Feﬂil?irﬂﬂailied/ FattEH %éﬁ i
Year Maize str‘iw/ Incorporation (ke/hn?) (k/hm?) Contribution rate/%
(kg/hm*) rate/ %
N p K N p K N p K

1980 4246 1 0.3 0.1 0.5 147 26.6 29 0.2 0.2 14.0
1981 3667 3 0.8 0.1 1.2 152 31.1 4.4 0.5 0.5 21.7
1982 3272 5 1.2 0.2 1.8 186 32.0 5.1 0.6 0.7 26.3
1983 3466 8 2.0 0.4 3.1 194 28.6 6.3 1.0 1.3 32.8
1984 4176 11 32 0.6 5.1 229 27.5 8.4 1.4 22 37.8
1985 4034 14 4.0 0.8 6.3 220 27.1 9.9 1.8 2.7 38.8
1986 4112 16 4.6 0.9 7.3 216 33.0 15.5 2.1 2.6 32.0
1987 4503 17 5.4 1.0 8.5 212 342 15.1 2.5 2.9 36.0
1988 5509 17 6.5 1.2 10.1 199 30.4 20.1 3.1 3.8 335
1989 6080 21 8.8 1.7 13.9 225 33.7 242 37 4.7 36.5
1990 8684 21 12.2 2.4 20.4 266 44.8 46.8 4.4 52 30.3
1991 8629 24 13.6 2.7 22.8 269 48.2 62.5 4.8 5.4 26.8
1992 7895 24 12.4 2.5 21.0 273 51.8 51.8 4.4 4.6 28.9
1993 7925 25 12.5 2.6 21.7 287 56.2 54.4 4.2 4.4 28.5
1994 8192 29 16.2 32 26.4 245 46.8 68.1 6.2 6.3 27.9
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FEHFIE H 572 DUk & T i , e
TR S Aot B HERFIE M) iR
Ay . Contribution amount/ Fertilizer applied/ o
Maize straw/ Incorporation ) 5 Contribution rate/%
Year (ke/hn?) wate/% (kg/hm*) (kg/hm*)
N P K N P K N P K

1995 8757 27 15.7 3.1 26.2 265 41.9 54.1 5.6 7.0 32.7
1996 8283 20 11.3 2.2 18.4 249 54.3 69.7 4.3 39 20.9
1997 6316 16 6.9 1.4 11.4 257 53.9 74.4 2.6 2.5 13.3
1998 8584 20 11.5 23 19.1 259 50.2 78.2 43 44 19.6
1999 8892 27 16.6 3.2 26.6 237 46.5 68.0 6.5 6.4 28.1
2000 8369 22 12.9 2.4 20.4 222 46.2 79.9 5.5 5.0 20.4
2001 9043 23 14.6 2.8 23.1 213 45.7 76.2 6.4 5.7 23.3
2002 8852 24 15.0 2.8 23.6 199 50.1 75.5 7.0 53 23.8
2003 8054 30 16.7 3.2 26.8 237 49.0 71.0 6.6 6.2 27.4
2004 8998 30 18.3 3.6 30.0 252 51.8 78.0 6.8 6.5 27.8
2005 8942 50 314 5.9 49.6 219 40.2 73.5 12.5 12.9 40.3
2006 8927 50 31.3 5.9 49.5 217 37.8 70.5 12.6 13.6 41.3
2007 8988 70 42.6 8.4 69.8 253 41.8 65.5 14.4 16.7 51.6
2008 8981 90 54.7 10.8 89.7 253 49.2 55.5 17.8 17.9 61.8
2009 9027 90 54.6 10.8 90.2 259 40.5 49.5 17.4 21.1 64.6
2010 8850 90 54.6 10.6 88.4 243 36.0 45.5 18.4 22.7 66.0
2011 9104 90 55.7 10.9 90.9 250 37.1 48.5 18.2 22.7 65.2
2012 9121 90 57.9 10.9 91.1 245 41.2 51.2 19.1 20.9 64.0
2013 8291 90 52.7 9.9 82.8 240 39.1 52.0 18.0 20.2 61.4
2014 8570 90 54.3 10.3 85.6 239 40.7 51.5 18.5 20.1 62.4

R2 19802014 FEIEABEEERFEFET L NERHFEATARBFSYENF I RHE
Table 2 Nutrients returned to the cropland due to wheat straw incorporation and contribution to maize grain production in maize season from

1980 to 2014 in Huantai County

A AR LB ?jiﬁ)ii@riﬂi FertilzﬁeEEafplied/ %ﬂ:ﬁ i %ﬁﬁﬁt?
Year Wheat str:;lw/ Incorporation (kg/hm?) (ke/hn?) Contribution rate/%
(kg/hm*) rate/ %
N P K N P K N p K

1980 4098 1 0.3 0.0 0.4 147 26.6 29 0.2 0.1 12.0
1981 4736 3 0.9 0.1 1.4 152 31.1 44 0.6 0.3 23.7
1982 4093 5 14 0.1 2.0 186 32.0 5.1 0.7 0.5 27.9
1983 4623 8 2.5 0.3 3.6 194 28.6 6.3 1.2 0.9 36.1
1984 5080 11 3.7 0.4 5.4 229 27.5 8.4 1.6 1.4 39.0
1985 5159 14 4.8 0.5 6.9 220 27.1 9.9 2.1 1.9 41.2
1986 5206 16 5.5 0.6 8.0 216 33.0 15.5 2.5 1.8 34.1
1987 4924 18 5.9 0.6 8.5 212 342 15.1 2.7 1.8 36.1
1988 6069 20 8.0 0.9 11.7 199 30.4 20.1 3.9 2.8 36.8
1989 6030 30 11.9 1.3 17.4 225 33.7 24.2 5.0 3.7 41.8
1990 6725 40 17.2 1.9 25.9 266 44.8 46.8 6.1 4.1 35.6
1991 7270 50 232 2.6 35.0 269 48.2 62.5 7.9 5.1 35.9
1992 8195 60 313 3.5 47.3 273 51.8 51.8 10.3 6.3 47.7
1993 7929 70 34.6 3.9 53.4 287 56.2 54.4 10.8 6.6 49.5
1994 8260 80 43.1 4.7 63.6 245 46.8 68.1 15.0 9.1 48.3
1995 7893 90 45.6 5.0 68.4 265 419 54.1 14.7 10.7 55.8
1996 8183 90 48.0 5.2 70.9 249 54.3 69.7 16.2 8.8 50.4
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FEHFIE H 572 DUk & T i , e
INEREF R S T H e e HERFIE M) iR
Ay Contribution amount/ Fertilizer applied/ o
Wheat straw/ Incorporation ) 5 Contribution rate/%
Year (ke/h?) wate/% (kg/hm*) (kg/hm*)
N P K N P K N P K

1997 8464 90 49.3 5.4 73.3 257 53.9 74.4 16.1 9.1 49.6
1998 8382 90 48.7 5.4 72.6 259 50.2 78.2 15.8 9.6 43.1
1999 8498 90 50.2 5.4 73.6 237 46.5 68.0 17.5 10.5 52.0
2000 8630 90 514 5.5 74.7 222 46.2 79.9 18.8 10.7 433
2001 7147 90 46.2 5.0 67.1 213 45.7 76.2 17.8 9.8 46.8
2002 7318 90 43.7 4.7 63.4 199 50.1 75.5 18.0 8.5 45.6
2003 7518 90 444 4.8 65.1 237 49.0 71.0 15.8 8.9 47.8
2004 7825 90 45.8 5.0 67.8 252 51.8 78.0 15.4 8.8 46.5
2005 7948 90 473 5.1 68.8 219 40.2 73.5 17.8 11.2 43.4
2006 8414 90 50.1 5.4 72.9 217 37.8 70.5 18.8 12.5 50.8
2007 8401 90 49.1 5.4 72.8 253 41.8 65.5 16.3 11.4 52.6
2008 8346 90 48.8 5.3 72.3 253 49.2 55.5 16.2 9.8 56.6
2009 6299 90 36.6 4.0 54.5 259 40.5 49.5 12.4 9.0 52.4
2010 8238 90 48.5 5.3 71.3 243 36.0 45.5 16.6 12.8 61.1
2011 8697 90 50.9 5.6 75.3 250 37.1 48.5 16.9 13.0 60.8
2012 8730 90 52.1 5.6 75.6 208 41.2 84.8 17.5 11.9 59.2
2013 8047 90 48.0 5.1 69.7 205 39.1 84.9 16.7 11.6 57.5
2014 8173 90 48.7 5.2 70.8 212 40.7 86.8 20.0 11.4 57.1

FEFFiA R SR N P K 20, fEA/NEZE B FORTEFHA BT stk i N P K L5 218 38
HEF H 2005 4E 5 2 B A EE E 5] 54.3 kg N hm™? 10.3 kg P hm™ 85.6 kg K hm (2014 4F) , HF5 ATk
MX) N P K FE 1 TTHk A DA ] 18.5% , 20.1% M1 62.4% (£ 1) ;7EE E K2 5] 2014 4F , & /NEFREFT A T
FE TRk AY N P K 43524 48.7 kg N hm ™ 5.2 kg P hm > H170.8 kg K hm ™, 4331 5 2383243 H VY 20% 119% 1
57% (2 2) . fEEIRJE | ,2010—2014 43[R /N2 F0 T KAEFT 38 B X 5543 09 DTgk Bk 31 T 2604 Mg N a™' |
417 Mg P a™'(955 Mg P,0, a™') F1 4166 Mg K (5020 Mg K,0 a™") ,

3.2 FEFFIE FHAT A 38 s % 4 () R )

M 1982 45 2014 47 fH5 5 B A HEFR S B S (E 2)  Jrp - e A 54.7 mg/kg B E 128
mg/ kg (HEH 134.0% ) , AL BEH 10.9 mg/kg 14 % 26 mg/kg (3411 138.5% ) , HEZLHT HH 141.8 mg/kg 34 % 230
mg/ kg (3G 62.2%) (& 2) . it ZITlE 58 vl A B AR B2 R & i i 2R R (K 3) JUH
2 TR GEURT SRS 1) 5 i S R 3 T 2 A0 S S A

Xof - SR A R S | SO R AR AT TR Y A W BRI AT AL A (181 3) et I Oy B 4 hy y =
0.5214x+41.227 (N;R*=0.66, P<0.01),y=0.9661x+15.236 (P;R>=0.51, P<0.01),y=0.893x+32.336 (K;R>
=0.62, P<0.01) . FEFFA H oTik i) 75505 5800 R & IE ARG, i R HEHAFR o FUIE AR A 545 Z (A1
P A AT A (B 3d—f) |, ZAE AR IE it FH 2% - A 5= 25 i AN AH G (P =0.308, P=0.317 ) , B it FH £
Xof A IR T T KT (y=—0.0128x+2.44145-88.898, R2=0.50, P<0.01) , ¥ B4 4 45 5 7] 440
AL AL 95 ke P hm A, -3 MOS0 & IR SRR N,

3.3 FHFFIR HOGHAR £ 7 e ) Bk

1980—2014 4E31] , i F s A i K 45 A 0 SRR LA R i 7o SRR R 5 1A, VR 7 B e 8 o 3 o o A
B R T (AR AR AR AR YRR &, DA SRS R4 FH R0 OISt FH i ) S5 /R 7™ 1 B PR 3R e [l
AT UL 4, Horp AESSRAEIX 30 AR RE Frig i, & M 0 o R T RERIR N v =2.2873x-16.002
(R*=0.35, P<0.01) , M [ M & A= C B A E (P=0.117) , 20 HE40 80—90 4F A% AU it F 2 b 3t 184 i
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Fig.2 Soil Available Nutrients in Huantai from 1982 to 2014
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Table 3 Partial correlation analysis between grain yield and influencing factors in Huantai

P B (LIPS

Control variables Partial correlation coefficient
il |ubr . vH e

PR £ R 0.724 (P<0.001, df=26)
Fertilizer N applied, temperature

ST R [ IR R

m&tﬂ i \@E 7 A AR it 0.368 (P=0.054, df=26)
Straw incorporation, temperature

LR T R =%

[EUESHE S 7o R -0.010 (P=0.960, df=26)

Straw incorporation, fertilizer N applied

3.4 FHFFE DO A ML B

M 1982 4EF 2011 4, %2 L 1E(0—20 em) AHLIKZ M 7.8 g/kg HE A 11.3 g/ke, B0 T 45% (K1 2) , L+
ekt N 21.3 Mg C hm > in%] 34.1 Mg C hm ™ i 2RIKE] T 399 kg C hm™ a™', BIRE, SOC fifi &=
(0—20 cm) M 534127 H4/MF] T 853150 Mg( #124 T 35446 Mg CO,-eq a™') . MFEFFIA FH 2 A+ 306 HLAR & =
FIARSC AT (T 5) AT AR A5 a4 6 0 - 49 rh Ay AL 5 o S 0l 28 AF DG OQ & | T DA 0N it FH 4 P - 1A
ML & S ARG B b (BT S) |, A i FH %o 3 A BILAR & F 52 M 45 55 (R* = 018, P<0.05) , F#Fid H R 3=
NI BLAR i A B it FH RUTE B i S 3 4 v 3 LR 5 i
3.5 FHFFA D N,O  NH, FIEIE 4 5 0

TE 2010—2014 4FE 1] | AE Y I 1 BT 1 iy N, O B ARHEIC7E BB (25000 ha) 2 28448 Mg CO,-eq
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Fig.3 Influence of straw incorporation and fertilization on soil available nutrients contents
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Fig.5 Influence of straw incorporation and fertilization on SOC content
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