55 37 B4 6 FE X RS R Vol.37 No.6
2019 4 11 H Agricultural Research in the Arid Areas Nov. 2019

XS :1000-7601 (2019) 06-0214-07 doi: 10.7606/].issn.1000-7601.2019.06.31
B ALY EHE B AR R TN E
REM AR EZE G
ZHRE LA wLE ZLETENLEHE ERE, AR

(LM RG IR A fA e B 224 B8, AT BT & 453007 ;2.0 Mg B T A4 45 45 [ 15 B TR 2B, Al A2 454000)

W OE OV K AL R W e AR N R AR AR R R & WA g R, AR DL AR
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Effects of organic materials returning and nitrogen fertilizer reduction on
nitrogen utilization and economic benefits of wheat

LI Chunxi', LIU Qing', SHAO Yun', MA Shouchen®, LI Sisi',LI Xiaobo', WENG Zhengpeng'
(1. College of Life Sciences, Henan Normal University, Xinxiang, Henan 453007, China;
2. School of Surveying and Land Information Engineering, Henan Polytechnic University, Jiaozuo, Henan 454000, China)

Abstract: To study the effects of organic material returning and nitrogen (N) fertilizer reduction on wheat N
use efficiency and economic benefits, 10 field experiments were designed in this research. Conventional single N
fertilizer was used as control (CK), and three kinds of organic materials (straw, cattle manure, mushroom resi-
due) were chosen to add in field with various N application levels (90% , 80% , 70% pure N of CK). The results
indicated that the treatment of organic material returning increased grain yield by 1.90% ~ 69.64% over CK. The
yields of wheat under treatments ranked as JZ>JF>]J>CK. Under JZ treatment, the highest yield of wheat was at N1
level, which was 10 478.04 kg - hm™>. Under JF treatment, the wheat yield at N3 level was 8 113.05 kg - hm™.
Under J treatment, the highest wheat yield was at N2 level, which was 8 138.14 kg + hm™*, which increased by
69.64%, 31.35% and 31.76%, respectively, compared with that of CK. The economic benefits of wheat under
each treatment and the net economic return after removing environmental costs ranked as JZ>]J>JF>CK, and the
highest were JZN1, JN2 and JFN3, respectively. Compared with CK, the economic benefits of JZN1, JN2 and
JFN3 increased by 123.49%, 59.35% and 37.72%, respectively. Meanwhile, the net economic benefits increased
by 186.41% , 96.35% and 71.94% , respectively, compared with that of CK. In summary, reducing nitrogen fertil-
izer application under the condition of returning organic materials to field significantly increased N use efficiency of
wheat, which also increased wheat yield. Thereby, the economic benefits of wheat fields and net economic benefits

after removing environmental costs would be increased.
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Table 1  The nutrient content of soil before sowing and different organic materials

EH/(g-kg') AW (g kgh)

L/ (g - kg™)  HA/ (mg - g7) BB/ (mg - g7")

ALHR Treatment Total N Organic carbon pH Total P Available N Available P
#&HT 1 Soil before sowing 1.36 13.80 8.05 0.55 52.35 23.49
FEFT Straw 7.39 79.01 7.71 1.53 - -
F & Mushroom dregs 7.56 19.61 8.23 10.91 - -
43¢ Cow dung 25.1 60.04 7.55 12.57 - -
1.2 REiRIT WAL 108 kg - hm™

R R R X R, DL gl A 270 kg + hm™
FXFRE(CK) , AHLIE A T X, &% J (R FF 4 i id
4200 kg - hm™) JF(FEFF2 50 H+4-38, 435 45
m’ « hm™) JZ(FEFF 2 E I H +F i, Bl 60 m® -
hm™) 3 FA HLYRRA 7 =20 i 0 R IX, 3% N1
(4% 243 kg - hm™, % CK Jfi i 10%) N2 ( 4li &
216 kg - hm™ % CK Jdi i 20% ) N3 (Zli%A 189 kg -
hm™ 8¢ CK Wi 30% ) 3 ANt E K, $hit 10 4k
P, /NXAEM S mx6 m=30 m®,3 WHE .

CK i 2l & 162 kg - hm™>, N1 ~ N3 4t B4 51
a2l % 135,108 kg - hm > H1 81 kg + hm ™2, [F] I} 4%
Ab BRI K,0 180 kg + hm™ P,0, 120 kg + hm™ |
A 60 kg + hm™ ZnSO, 22.5 kg - hm™, 2f " 4F4k

INEREI A 2017 4 10 A 15 H, B 5 R R
CHAREDL 587 & N 187.5 kg - hm™*, F 2018 4F
6 H 1 HWgk, 1 e FH fe) 48 B it ] =i 7=
1.3 HRRESUE
1.3.1 #eeAkE WA TR /DX L EUE
KBy 2L 30 R FEAREEAE T 105°C A 30 min
J&,85°CHt T HE T LT, AR TR
FHOTREAS WEMLA R, VAT TS — B i ) — I A P 1
S, I R P 220 3 43 AT A (AA3, AR ) U
EREGE"

1.3.2 FEwlE A/NXKHER 3 A 1 m? iU R
BY R WORL, FRE, FFEEH 3 A 1 m BRAT /N R
RS,
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BARE T (kg) x BUBAI SRR & AU (g - kg™ ) P
SR (B - hm™) /1000

HEMHRCR(NUE, kg - kg™ ) = FFRL™ i (kg
- hm™) /HEMR B AR B

REMWLE ] (NPFP, kg - kg™ ) = FFRi =&/
AU (kg + hm ™)

FIFHTT MRS, LhAR ™ 5 1 3 Il 2 m 45
AbPRER LA™ T 2R R A

ZPFREE = KPR BT R — A e A

o Az 7= A = HLARER A +55 8l A + A2 77 5%
B + R+ ) A NN 2.4 5T -
kg™ PP A% 4.5 00 - ke, IRE R 3.9 UT -
kg™ ,K,0 5 7C - kg ,P,0,°4 5 JC - kg™', ZnSO,
410 JC - kg*lO

PNZEBE R 5 s 2 it FH AR AT BT 5 | Ak 1 2 R 4
2 MHE R AR EE 15 YL Tl 9% , BN % FE R 855 AR i 1
ZPREE

TR RS = PR - IR AR

o PR BUAS = NHL 35 8 W PR 58 BUAS +NO  HE il i)
AR +N, O HEB A PR EE LA + N IR 1 24 58 A
A, NH, %% NOHER N,0 HEH N W7 13R85 1
AR 2 AR

K Excel 2016 11 SPSS 22.0 #EA 78R Ab 3
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Table 2 Nitrogen loss calculation formula and environmental costs

AR iER fEEARK it/ (IC - ke™")
Apparent loss of N Estimation method Price/ (yuan - kg™!)
NH, ¥ % —4.95+0.17xifi 2 & 375
Ammonia volatilization —4.95+0.17xN application rate ’
NO HEiX 0.57+0.0066x/iti % it 20.6
NOy emission 0.57+0.0066xN application rate ’
N, O Hejik 0.54xexp(0.0063x AT 4 ) 837
N, O emission 0.54%exp (0.0063xN surplus) ’
N ki 13.59xexp ( 0.009x A FI4) 9.3
N leaching 13.59%exp (0.009xN surplus) ”

T AR Ay = it e R S R R
Note: N residual =N application rate — total N uptake by plants

2 HER55T
2.1 ARENHMEHTREREN/NMNEFER
Higp B &= r 50
FH 3% 3 ATHN, A3 HLYDRHA T 45 b BE 5 REA [A] F2
FER SN T AR DL R B R /N 7 3R
WK JZ>JF>]>CK, 8% CK BT 1.90% ~69.64%
JZ A0 ATt BOK /N2 7= s R B JZNT >

JZN2>JZN3 | BIFSFFIA H + B AL BT | Bifi 275 B it 2
RGN, NZE e 2 BT AT RS T
Jita 00 PRI A R T 2 A R, G T 22 T RE
B R A JF 2504 R, JFN3 A3 i 2 5 F JFN2
5 JFN1 03, H A& MK B35 T CK, &l
KT /N B3 CK ¥4 T 19.52% ~31.35%, 14
FHASFFIA L+ A0 BT | Bl it 0 B, /22
e RG] AT, IN2>INT>IN3>CK, 38
CK 23331 31.76% .16.98% . 1.90% , BV FE5 FF 4
AT, N2 KX /N2 772t A 1 a5 S ek i
= VLIRS AR 0 H AL BE T Wit 28 ok v s IR
ANFITF/INZ it d R R S i

M= ARG AT, 45 Ak B 8 LR AR By
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RBCESE /N B P o
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PR S CK 3 T 15.39% 1 3.7% ;)2 546 T , %
Jits BOK V44 B3 5 T CK, I JZN1>JZN3>JZN2
>CK, % CK HAT 22.71% ~25.88% , P IAFS FT 4 H
+ DA AL PR RE A AR A b i /N2 Al R b T AR R AR
FHEE T &M F, N1 AP 8 25 F CK, N2, JN3
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FRTIR A HLRIA AL SRS RE A RO /N 22
R 4 2805 i AFRT LI S 1A /N 2 A v e R 3R Y
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Z R FBCR B 2T CK, AT 2 T INT AR R /)
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BCRAIE N JF 254, JFNT 5 JFN3 Ab PTG B 3%
225 PO AR B R R B s 1) JEN2 Ab B i
K F CK,

A MR A T it 0AE BE 0% 3% 14 /N 22 1Y
REME 1, 0BT /NE AR WA 1358
FET CKBAREH N JZ2>IF>]>CK, JZ 514 F,
JZN1>JZN3 > JZN2, %8 CK 43 5 34 i T 88.49% .
82.24% Fll 63.48% , Ut 1A FT i H + T s A0 3 AT ) i
ERININZ R ZE WAL 1, HEL N KPR JF
MR B FE WA J1 RN JFN3 > JFN2 > JFN1 >
CK, RIS FF I8 H + 4 ZE A0 BT, B 5 T it 20 1 110 344
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Table 3  The yield and yield components of wheat with different treatments

Ak FEHL Spike AR/ AR L TR E Feat Yield
Treatment /(107 « hm™?) Spikelet per spike Grains per spike 1000~-grains weight/g /(kg - hm™)
CK 464.00e 20.20de 30.60cd 47.06a 6176.46d
JN1 558.00cd 19.80e 31.00cd 45.19b 7225.28¢
JN2 546.00d 21.60ab 35.60b 45.29h 8138.14b
JN3 510.00de 20.60cd 30.00cd 44.50bc 6294.08d
JEN1 574.00bed 19.20f 32.80bc 42.42d 7381.94¢
JFN2 628.00abc 22.00a 29.40d 43.91bed 7493.52¢
JFN3 638.00ab 21.60ab 30.60cd 44.96h 8113.05b
JZN1 682.00a 21.00be 38.80a 42.84cd 10478.04a
JZN2 640.00ab 20.60cd 32.40cd 42.14d 8077.97b
JZN3 628.00abc 20.80cd 31.20cd 43.50bed 7879.25b

0 AFING FEEF R PR 25 57 825 (P<0.05) , T A,

Note: The different lowercase letters indicate significant differences among treatments (P<0.05), the same below.
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Fig.1 Total nitrogen of wheat above-ground plant

with different treatments
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Fig.2 Total N accumulation of wheat above-ground

plant with different treatments
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T, IN2>IN1>JN3, 2% it K- 0] 22 5 8 3, 43 555
CK H4/NT 96.35% 47.83% F1 14.89% ; JF 414 F,
JEN3>JFN2>JFNT, Bifi 45 it 280 i 1 s/, P58 AR [
TR 28 Be R g B0, e JF AR3ER | Bl 25 it 20 dk P 9
URECZN & )l
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Fig.3 The N utilization efficiency and N partial factor productivity with different treatments
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Table 4 The economic benefits and net economic benefits with different treatments

i = Cost (yamn - B ) D AT P T
Kb 3R Feonomic value ‘ Economic Environmental Net economic
Treatment /(yuan - hm™2) P A FHEN A ARl benefit cost benefits
’ Machine cost Labor cost Means of production /(yuan - hm™)  /(yuan - hm™)  /(yuan - hm™)
CK 14823.50 1997.40 2650.00 2988.35 7187.75f 2205.72 4982.03
JN1 17340.66 2600.00 2700.00 2883.05 9157.61d 1792.78 7364.83 d
IN2 19531.53 2600.00 2700.00 2771.75 11453.78b 1671.36 9782.42 b
JN3 15105.79 2600.00 2700.00 2672.45 7133.34f 1409.51 5723.83ef
JFN1 17716.65 2600.00 2800.00 4383.05 7933.60ef 1887.95 6045.65 e
JFN2 17984.44 2600.00 2800.00 4271.75 8306.69¢ 1460.54 6846.15 d
JFN3 19471.33 2600.00 2800.00 4172.45 9898.88cd 1332.69 8566.19 ¢
JZN1 25147.29 2600.00 2850.00 3633.05 16064.24a 1795.06 14269.18 a
JZN2 19387.12 2600.00 2850.00 3527.75 10409.37¢ 1552.75 8856.62 ¢
JZN3 18910.20 2600.00 2850.00 3422.45 10037.75¢ 1306.97 8730.78 ¢
3 W i THEE IR, e R ROK P AR AE B
ST WA RO, AR A IR i, R AR S AR
3.1 AEIAENNHHERTREREXNEFER U IVTRFEN A A AU S LIS K
=1 it BE 85 38 IV 90 1 7 e R e e M PR AR

HRSCHIFTE RN, A HLAE 5 JCHLAC Bt o] AR

IR, A HLIE EE AR 509% 19 AL IE S RE A8 U] 1
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