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Effects of different combinations of organic nutrients and chemical fertilizers on wheat yield , nitrogen use
efficiency , and soil fertility

XITAO Qian, WU Sheng, LIU Ying, CAO Chi, LIAO Xia’, MA Youhua

(Key Laboratory of Farmland Ecological Conservation and Pollution Prevention and Control in Anhui Province, College of Resources and
Environment, Anhui Agricultural University, Hefei 230036, China)

Abstract: The effects of organic fertilizer types and substitution proportions on wheat yield, N use efficiency, and soil fertility were
investigated. A field experiment was designed with the following treatments : no fertilization (CK ), conventional fertilization (CN ), optimized
reduced fertilizer(ON), partial replacement of optimized chemical fertilizer by 15%(ONL-15%), 30%(ONL-30%) and 50% (ONL-50%)
biogas slurry nitrogen, partial replacement of optimized chemical fertilizer by 30% compost nitrogen (ONC—30%) and 30% commercial
organic fertilizer nitrogen (ONS-30% ). The results showed that, compared with CN treatment, ON, ONL-15%, and ONL-30% treatments
significantly increased wheat grain yield and fertilizer N use efficiency (NUE). Among them, the wheat yield of plots treated with ONL-
15% was the highest, showing an increase of 16.18% compared to CN treated plots and 14.08% compared to the ON plots. The fertilizer
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NUE of the ONL-15% treatment also increased from 18.41% under the CN treatment to 36.46%, indicating that the 15% biogas slurry

replacement proportion was the optimal proportion for fertilizer reduction. Under 30% substitution proportion, the effect of organic fertilizer
on wheat yield varied with their types. Compared with ON treatment, biogas slurry combined application increased wheat yield and NUE,
and compost and commercial organic fertilizer significantly reduced wheat yield. Compost combined application was found to promote the
accumulation of soil total N, hydrolysable N, and available P, and commercial organic fertilizer effectively alleviated soil acidification and
increased soil organic matter content. Combined application of organic and inorganic fertilizer reduced by 32.60% to 65.91% the nitrate
nitrogen residue in topsoil and increased soil available nitrogen content. In conclusion, combined application of organic and inorganic
fertilization significantly improved soil fertility; at an application rate of N 165 kg+hm™, biogas slurry with chemical fertilizer was shown to

maintain high yield, nitrogen uptake, and nitrogen use efficiency of the wheat crop. The optimal substitution proportion of biogas slurry to

reduced fertilizer was 15%.

Keywords: organic fertilizer; reduced chemical fertilizer; wheat yield; nitrogen use efficiency; soil fertility
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Table 1 Nutrient content of the tested organic fertilizers

A MLAE Organic fertilizer N/% P,0s/% K:0/%  HHLJT Organic matter/% pH(H0) 7K Moisture content/%
VR Biogas slurry 0.09 0.08 0.04 1.82 7.4 99.32
HENE Compost 0.50 1.35 0.45 30.60 8.3 25.66
A PLE Commercial organic fertilizers — 2.50 5.00 3.20 79.00 6.7 23.00
AR o w AT,
Note : Nutrient content based on dry sample.
R2 AELEIEAE BT E
Table 2 Fertilizer type and amount of different treatments
9 AN =/
AbF el AL ) Supplement fﬁjier/( kg-hm™) Converted to fjll’"_f'} iﬁits/( kg-hm™)
Teament  AHUE  RE RS WL (3 . o Ko
Organic fertilizer ~ Urea  Superphosphate  Potassium chloride Urea
CK 0 0 0 0 0 0 0 0
CN 0 233 205 225 155 180 90 135
ON 0 213 205 175 142 165 90 105
ONL-15% 27 500 181 155 157 142 165 90 105
ONL-30% 55 000 149 105 138 142 165 90 105
ONL-50% 91 667 107 38 114 142 165 90 105
ONC-30% 9900 149 0 101 142 165 90 105
ONS-30% 1980 149 0 69 142 165 90 105

WWW.QEs.0r9.CN
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Table 3 Effects of different fertilization practices on plant height, yield and the yield components of wheat

I3 s e TR FPR L P~ I
Treatment Plant height/cm Number of grains per ear/. 1000—grain weight/g Grain yield/(kg-hm™) Straw yield/(kg+hm™)
CK 53.74+1.03¢ 20.44+0.69b 40.04+0.54¢ 2722.41+4.50g 1972.38+127.47d
CN 67.17+2.19ab 34.78+8.04a 43.21+0.52b 4514.45+17.59¢ 3279.67+205.61b
ON 67.00+1.10ab 31.33+8.72a 45.34+0.40a 4597.45+4.23h 3320.76+310.01b
ONL-15% 68.24+1.24a 38.67+4.37a 45.76+0.87a 5244.74+11.88a 3701.21£99.49a
ONL-30% 68.18+2.80a 34.11+4.14a 42.76+0.19b 4606.11+17.38b 3 486.19+37.39ab
ONL-50% 65.54+1.24ab 34.89+3.56a 42.55+0.93b 4431.65+13.21d 3 368.19+92.80b
ONC-30% 66.53+1.76ab 29.44+1.39ab 39.83+0.36¢ 3661.83+32.08¢ 2705.00+222.82¢
ONS-30% 63.70+2.36b 31.00+6.69a 40.31+0.27¢ 3 543.88+8.49f 2981.46+108.70¢

T AP RO N B (LR v 22 5 [R) S AN R 7 B 3R AR B A) 22 53 2. 2% (P<0.05) . IR

Note: Means + standard deviation. Different letters within the column indicate significant different among treatments (P<0.05). The same below.
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Different letters indicate significant difference among treatments at P<0.05.
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Figure 1 Effects of different fertilization practices on wheat N uptake and N use efficiency
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F4 A[E)HEAE AL FE X + BEXR AL M R AT R D
Table 4 Effects of different fertilization practices on soil physical and chemical properties
Jb 3 e HEA pH AL EEpi¢ B
Treatment Soil bulk density/(g+-cm™) (H,0) Organic matter/(g-kg™)  Available P/(mg-kg™) Available K/(mg-kg™")
CK 1.03+0.04a 5.40£0.12a 15.10+1.05¢ 9.57+0.49h 103.33+7.64b
CN 1.01+0.05a 4.83+0.17b 16.87+1.18bc 10.63+1.04b 124.67+21.46b
ON 1.03+0.11a 4.81£0.17b 17.13+2.63bc 10.17+1.27b 129.33+25.40b
ONL-15% 1.02+0.01a 5.37+0.06a 17.60+0.20bc 11.17+1.46b 170.00+10.00a
ONL-30% 0.97+0.16a 5.17+0.08a 18.23+1.84b 11.90+1.00b 187.33+23.69a
ONL-50% 0.98+0.04a 5.20£0.17a 18.43+1.04b 11.63+1.89b 166.67+25.66a
ONC-30% 0.99+0.05a 5.22+0.07a 21.53+1.14a 17.37+1.42a 168.16+8.91a
ONS-30% 1.01+£0.07a 5.38+0.11a 21.60+1.00a 9.87+0.46b 119.41+5.54b
R5 TEMKRLEN LIRERRSENTM
Table 5 Effects of different fertilization practices on soil nitrogen content
Qb3 o B SR THEE KR
Treatment Total nitrogen/(g-kg™") Ammonium nitrogen/(mg-kg™')  Nitrate nitrogen/(mg-kg™) Hydrolysable nitrogen/(mg-kg™")
CK 0.95+0.04d 8.36+2.10a 0.48+0.15¢ 106.57+8.76b
CN 1.11+0.08¢ 9.24+3.11a 1.56+0.53a 109.67+6.43b
ON 1.11+0.04¢ 9.19+6.51a 1.15+0.32ab 102.80+13.10b
ONL-15% 1.14+0.04¢ 10.07+7.40a 1.05+0.32h 139.50+13.50a
ONL-30% 1.27+0.04b 8.83+1.97a 0.86+0.07hc 133.00+16.00a
ONL-50% 1.21£0.07be 6.42+3.54a 0.83+0.06bc 122.00+11.79ab
ONC-30% 1.42+0.08a 6.13+£0.32a 0.55+0.02¢ 135.35+7.17a
ONS-30% 1.41+0.07a 7.18+0.33a 0.53+0.04¢ 111.11+5.15b

FAAG , Hovh ONL-15% Ab FROK fif P /& s . 4
139.50 mg-kg ™", # ON ZbFEAH b 2 339 111 35.70% . 4
FHUIEEAC LL B4 30% B, ONC—30% Ab #HL K i
AR, M 135.35 mg- kg, B ON A HE & 35 14
31.66%, 5 ONS-30% 4b P AH Lt & 3 34 i 21.82% .
ONL~15% Ab B - 555 25 50 % 548 CN R ON b 34351
HITIN 8.95% F19.58% , 25 A FL 2 (Al 4 A R & o B
Z 5. 5 CON AL BEAH H , ON Ab P Al 75 20 & fF B A
26.57% , — 3 22 57 Ak B i 3 K (A FE LA Ik i it
JE S Aty b T it AT HLIE RE I 2 FEAIK 32.60%~65.91% 1)
AR, B IR S A S R A A
151 (1) 3 o e A 2 DR A # . HE 30% A HLAUEAR L il
T, ONS-30% b # + 3 il 45 &0 % 5 1%, 3¢ CN b 3
A% 65.91%.
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3.1 AIHSERNEERR MM
IR ST e S T AR LS L, B
FLRCAEIE 1 28 a KM AR50 K B, BCiits A DAL AE
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R KR R i, I HLLL 70% L it
b IR IR AR RS R o SRR AR OB 5T Al G 3
554k I8 T i S5 Bk 2 A K Rk A B S R
25.32%~131.54%. 22 5" 09 R I TE S5 A AR
NECHEAA HLIE, 25 3.5 .20 4F J5 /K Mk o 4 ) i
1 32% .36.81% .18.04% . ASWF5¢ & B, A HLIR 408
AL RE I I - HOK iR /S i, BRERR H il i
0T AL

AHFFEH, 0~20 em - IEEE SR S R EAR (<12
mg-kg™) , FHENEAL TS A S AN, X5
B RS R 45 S AR, e A R i R
AR /N AS i it S0 At AT O X & A 2 A AR AR .
R IO IR R R S AR SR
B EAT 2 IEAR GO R , i AL IE A B R A 27%
FIRS A EOR B AMEALIE R 5 Ak , i 7E A FLAE Bt b
R AN 5% WSS R K B AMEA P A 1 k.
Ih i ZEPO R A5 B AR IR -5 A TLIE B bt £ e A A
R E AR I L R 2 BT . A5
NIRRT A O B TR VR R A L A Y
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B s b , FLE PR AT RE A HLAE AT LRG3 A 3R
PATITE P 5 2, 39 xo il A R B R RE L 9 LG
FAPUIESG 158 C/N T L R T R IEE W s R
TCHLE R B RE , DT il 25 R AP
3.2 BNFSERP/NERIEF AR

ARG/ INZE R FI R 10.17%~36.46% , ik
T B e SR B Y 17.20%~43.80% , 1] fig 2 [F A<
IR 6 70 it & HE (165 kg - hm™) 535 T HGE RS 4RE By
120 kg-hm™, JkZESEIF ST K B0 5L 1) 1 X 26000 vt FH) o
7 1.89%x10° t, ZAEYFR 40T R 1.75 4%, il Z A
KAR A R, S BEE A L. mTA
WF5E 2B, A LI 5 JoALAE A i 35 48 s VE A
BRI AR, — 5 A HLIE &R S48 Bl £
BHAEONFEAMAERE S . AW, AU Sk
JES et Ak 2R S 2 B N - 3 ML S A R i AR A
%ot AL U, B R 2, Tl S 5T
2 IRt AR A A B /NS g o SR AR A N 43 MR
TERT IR =, U 4R 20% F B it A HLAE 4b PR ) T
INFE A A AR AT RN, A R R R
s [l a4 v AR R R =2 55— T it FH A ML
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RELEAE 5 E 12 15 0 B 280 3 BB W i

B HUAE R A LA - e 3 AT T A7 A
B XUDR PR B HLIR R L 75% f AR A
Ab B BB T 2k 53.3% , % Bt AR P B i v
9.4%, Abbasi %145 A HLIE X 25% WAL IE . 2
Pk /N 45 25 B Y AR WO, I N 25% 1 /I
FIFR . XA R 2 B, ZE 2 A SE Atk T
FHLE AR 15% A0 35 ) R 3 5 5, X 5 AR i
T 15% TR AE R ACAL B RUIR R F R AR g 45 21
— 2 BRI AT B M TE R AR L L A3 K], Nz
TCR 5 BE Ty HE 22 | DTS5 M) B B50ORT s o o5, BHLA%
PRGN ARG R AR T AN R A LR
AR R IE R R R —E 22 5, DA A& A
P ) e, 5 R ] B TR R e S A
SVEE 70% Db, HL 5 A ARG FLIE A VR R B
Kt A+ 35 BRRE WD 23 &, i A FF s A VE A
77 A N0, HE T/ A AR,
3.3 BFESERTMEFENZN

PRk, B it FH B AR — B AR R ek
e IEEVE A AR R N . AR, SR
HL it AT EE 06 A i it A Ak B A 7= o S 5 8, (H

o H R EBARE 15 kg-hm™, FWI7E IR 1 X
INEF RGP RIER AL Z G WA 6
8.33%. W IEFEEPIFSEIN N, TEAR IR 2 5t L (392
kg-hm™?)JEAith B/ 20% il A/ L, A2 835 R ok
Fra RO #E FOR AR A R Rk .

LA SO Ry A SV VR Stk B IR & AT
PN P U DL 25 % VA R+ 1B 75 % PR
R AR RIS G D RO, AR R i o AN
FE B 15% F130% A0 A0 4 5 2 14 i /N 22 ¥
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