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Effects of organic material returning and nitrogen fertilizer reduction on the economic yields and carbon,

nitrogen, and water footprints of wheat—-maize annual farmland in China

LI Chun—xi, LIU Qing, SHAO Yun, LI Si-si, LI Xiao—bo, WENG Zheng-peng

(College of Life Sciences, Henan Normal University, Xinxiang 453007, China)

Abstract: The aim of the present study was to investigate the effects of returning different organic materials to agricultural fields and reduc-
ing nitrogen fertilizer application on the carbon, nitrogen, water footprints and economic yields of farmland in northern Henan, China. Con-
ventional single nitrogen fertilizer was used as control (270 kg+hm™), and three types of organic materials (straw, straw+manure, straw+
mushroom dregs) were used to amend fields under various nitrogen fertilizer regimes (90%, 80%, or 70% of the control treatment). Com-
pared with a single application of chemical fertilizer, returning organic materials to the field and reducing the amount of nitrogen fertilizer
significantly improved crop yield and economic benefits, with the straw+mushroom dregs+90% fertilizer, straw+80% fertilizer, and straw+
manure+70% fertilizer treatment providing the greatest economic benefits. The net carbon value, carbon efficiency, nitrogen output, and ni-
trogen input efficiency were increased significantly by the straw+90% fertilizer, straw+80% fertilizer, straw+manure+80% fertilizer, straw+
manure+70% fertilizer and straw+mushroom dregs+70% fertilizer treatments, whereas the nitrogen and water footprints were reduced. Be-
cause the straw+manure+70% fertilizer treatment significantly improved both carbon and nitrogen input efficiency and reduced the produc-
tion nitrogen and water footprints of the experimental farmland while also optimizing economic yield, the results of present study suggest
that straw and cattle manure should be returned to farmland in northern Henan and that nitrogen fertilizer application should be simultane-
ously reduced by 30%.
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Table 1 The nutrient content of the soil and different organic fertilizer

A £ ALK 2 MR ML
Items Total N/g-kg™! Organic carbon/g kg™ pi Total P/g kg™ Available N/mg kg™ Available P/mg-kg™
%115 1 Soil before planting 1.36 13.80 8.05 0.55 52.35 23.49
FEFT Straw 7.39 79.01 7.71 1.53 — —
[ Mushroom dregs 7.56 19.61 8.23 1091 — —
2% Cattle manure 25.1 60.04 7.55 12.57 — —
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Figure 1 Variations of air temperature and precipitation
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Table 2 The yield and yield components of wheat and maize under different treatments

e /N ZE Wheat T K2 Maize
Treatments Y4 T Tk $ HRE s
Spikes/10*-hm™  1000-grain weight/s  Yield/kg+hm™ Kernels perear  100-grain weight/s  Yield/kg+hm™
CK 464e 47.06a 6 176.46d 436.67c 23.70ef 8 538.78g
N1 558¢cd 45.19h 7225.28¢ 523.00b 27.63a 11 938.44b
N2 546d 45.29h 8 138.14b 528.67b 26.86ab 11721.44b
JN3 510de 44.50bc 6 294.08d 555.67ab 25.57bede 11 697.33b
JFN1 574bed 42.42d 7 381.94c¢ 449.33¢ 25.74abed 9551.44e
JFN2 628abc 43.91bed 7 493.52¢ 548.33ab 24.20cdef 10 956.78¢
JFN3 638ab 44.96h 8 113.05h 580.00a 25.88abc 12 396.56a
JZN1 682a 42.84cd 10 478.04a 540.67ab 22.47f 10 040.56d
JZN2 640ab 42.14d 8077.97b 473.00¢ 23.19f 9 065.78f
JZN3 628abc 43.50bed 7 879.25b 442.67¢ 23.83def 8 717.89fg

T - RIS ) NE 7B A BT 22 57 B35 (P<0.05) ¢

Notes: The different lowercase letters in a column indicate significant differences among treatments at P<0.05 level.
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B E
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B G 2N I>IZ>0F>CK L T 51 F A B 253K
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R3 AEMETE-EFAERBRFHE
Table 3 The economic benefits of wheat—maize annual farmland under different treatments

HE 7= ARG +hm™ Cost/yuan - hm™

) . o A 25 T - hm
Tre&ait\ri%nts Ecojirfﬁf:zgu};? hm BLIREA 5 B A BBk Econffn(i}(i iﬁgs/y};?n chm?
Machine cost Labor cost Means of production

CK 30 876.40 3495.00 5350.00 5928.25 16 103.15g
JN1 39784.94 4395.00 5500.00 5863.45 24 026.49¢
IN2 41567.85 4395.00 5500.00 5793.85 25 879.00b
IN3 37 096.78 4395.00 5500.00 5733.85 21 467.93d
JEN1 35673.37 4395.00 5 600.00 7363.45 18 314.92f
JFN2 38583.18 4395.00 5 600.00 7293.85 21294.33d
JFN3 42 776.86 4395.00 5 600.00 7233.85 25 548.01b
JZN1 44 023.54 4395.00 5650.00 6613.45 27 365.09a
JZN2 36 430.78 4395.00 5650.00 6 543.85 19 841.93e
JZN3 35299.83 4395.00 5 650.00 6483.85 18 770.98ef

A R 2 378 Farmland carbon footprint/kg - hm™

0 1 000 2 000 3000 4 000 5000 6 000 7 000 8 000
CK[ LI\ I N : : I I I I
N1 [N N
5 N2 N N
§ IN3 K N
3 JFNI N N
e JFN2 R B
g JFN3 N
JZN1 N
JZN2 NN
JZN3 NN
Oz O ARmEg Al B fehe B fr B A Bk
Pesticide Farm irrigation  Agricultural machinery  Chemical fertilizer ~ Seed  Farmland carbon emissions
B2 FRAETE-ERAERARED
Figure 2 Carbon footprint of agricultural production under different treatments
R4 FREIETE-EFF K BRHER BREE S RREMBREE
Table 4 Carbon emission, carbon sequestration, net carbon value and carbon efficiency under different treatments
Qb3 T Tl s ik eI [ ES
Treatments Carbon emission/kg-hm™  Carbon sequestration/kg - hm™ Net carbon value/kg - hm™ Carbon efficiency
CK 5504.66 11 320.45¢ 5 815.79fg 2.06
JN1 641451 15 091.80b 8 677.29¢ 2.35
N2 7 083.07 14 818.88bc 7735.81d 2.09
JN3 7561.86 13 128.23¢ 5566.38g 1.74
JEN1 6541.33 12 733.78¢ 6 192.45¢ 1.95
JEN2 5428.80 14 937.33b 9 508.54b 2.75
JFN3 5 887.55 16 063.09a 10 175.54a 2.73
JZN1 6117.25 14 396.37¢ 8279.12¢ 2.35
JZN2 6 764.25 13563.61d 6799.37e 2.01
JZN3 4995.38 12 375.94f 7 380.56d 2.48

74.96%; )7 540 F |, 85 il A 7K - 1 ¥ i i 5 CK B R B A, VA AR A R e 300 58 B A B R AR
T 16.91%~42.36%; ] 2444, {3 IN3 Ab B f0 14 ffk (i s AT A WL REA FH A BRR A HH R B R R AR e By
T CKHZE ST E . RSCEEE E &S5k JF>JZ>J>CK, B JENT . JZN2 F1 JN3 Lb 3 4k, oAt b 3

— 532 — http://www.aed.org.cn



B AR BRI SO X &2 - T A AR TH AR UK A i B 8 5 2t ) 2

202078

PIREA RO A HaRsCR . BRI S B fb AEAH H A
BLP LA H b B B AR 3EIN T 22 - K R AR AR AR S R
G0 A AL S (P I8 S R T A P A ] e, 0 T
S AR HH A (R S 80
24 ZE-FERERHARRTHE

MR 5 R, AR AR I A3 R P R AR I
MU BE IR ZUR 8 A A SR 5 R W =884, AR ERHEA
oA AR D Y R N R R 71.16%~
83.28% . AL BE U5 J7 A1 60 45 & Hb (SOIR S FEFT S5
HLAPEHA H XS90T AR, 25 AL SR BE VR U2 i 3
BN AT H R R AR LRI N ] SFF T
IN2 b B F CK, JZ 5514 T £ it BK P35 F CK.
fy 1 R R AN AT AILDRE A H B ™ it SR R A2
AR R LN JZ>T>IF>CKL ] 50FF L &K By e =
i WSO A I8 8% CK 0 T 18.90%~39.63% 3 JZ, 251

T L JZNT AR B A 7 S ISOIR R 0 e R 3k 2.33 ks
JEZRETT et 280 i 5 4 i ISR U 3 52 6 R O
JEN3 BT R o A8 AR R KT R A 7= ik 0L 3
S A RUR I LA, A HLYRL A AR B RO
FHAK 25 4 2 v Tt AL IR AR B T 2514 F , £ it /UK
S A SRR K A CK B8 T 31.76%~39.41% 5 JF
AT Tt S B, A OR FH KBRS, JFN3 A
AT 5, 8 0.246 1;1Z 440 F JZN1 Zb B iy
HRF K L B CK IS T 29.33%., Hi, 5
HAit AL RE A He , A5 AL AL H T el it 200 BE 5 R AR
- AR A S RGE R A7 AU 8, 38 4
R, B = A AR F K.
25 ZE-FERERAKRITHE

K R LK B 5 5 T AR R B VR K
AR ZERNK 6 s . 5 CKAHLE , A HL RN T

%5 RRAETE-F B 4ERE RS

Table 5 Annual nitrogen footprint in wheat—maize farmland under different treatments

AR I Production nitrogen footprint/kg it U Output nitrogen footprint/kg 5741 Fil 7k

Tmﬁjﬁms AR B AE IR AR h58is A= mh s TSI T Effective
Input of production material ~ Mechanical energy ~ Natural volatilization Total — Agricultural harvest — Straw wastes  utilization rate
CK 8.12 0 2.11 10.24 1.64g 1.20 0.160 6+0.002 4h
JN1 8.05 0.01 2.05 10.11 2.14b 0.81 0.211 6+0.002 8de
JN2 7.81 0.01 2.40 10.21 2.29a 0.32 0.223 9+0.003 1b
JN3 7.57 0.01 1.57 9.14 1.95e 0.66 0.213 8+0.002 3cd
JFN1 8.06 0.01 2.05 10.12 1.82f 0.43 0.180 1+0.000 5g
JEN2 7.82 0.01 1.57 9.39 2.05¢d 0.20 0.218 2+0.001 4be
JFN3 7.57 0.01 1.84 9.42 2.32a 1.04 0.246 1+£0.002 Oa
JZN1 7.97 0.01 3.22 11.20 2.33a 0.48 0.207 7+0.004 1de
JZN2 7.72 0.01 2.53 10.25 2.02d 0.45 0.196 8+0.006 Of
JZN3 7.48 0.01 2.63 10.11 2.09be 0.39 0.206 4+0.005 4e
Fo6 FELETE-FEBFEREKEDR
Table 6 Annual water footprint in wheat—maize farmland under different treatments
e L P2 RE K B Production water consumption/m®+hm™ H2 P2 7K 2388 Production water footprint/m®+kg™!
Treatments WK K KK A Wik EST/ K B
Blue water Green water Grey water Total amount Blue water  Green water ~ Grey water ~ Total amount

CK 3673.16 6 893.04 9 000.00 19 566.20a 0.59 1.12 1.46 3.17a

JN1 3673.16 6 827.41 8 730.00 19 230.58¢ 0.51 0.94 1.21 2.66¢

JN2 3673.16 6 861.16 8 460.00 18 994.32d 0.45 0.84 1.04 2.33d

JN3 3673.16 6 799.82 8 190.00 18 662.98f 0.58 1.08 1.30 2.97h

JFN1 3673.16 6 898.40 8 730.00 19 301.56b 0.50 0.93 1.18 2.61c

JFN2 3673.16 6 896.84 8 460.00 19 030.00d 0.49 0.92 1.13 2.54¢

JFN3 3673.16 6 829.38 8 190.00 18 692.55¢ef 0.45 0.84 1.01 2.30d

JZN1 3673.16 6 844.62 8730.00 19 247.78¢ 0.35 0.65 0.83 1.84e

JZN2 3673.16 6901.86 8 460.00 19 035.02d 0.45 0.85 1.05 2.36d

JZN3 3673.16 6 860.65 8 190.00 18 723.82¢ 0.47 0.87 1.04 2.38d
http://'www.aed.org.cn — 533 —
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