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Abstract: [ Objectives ] There are obvious differences in composition and properties among different organic
manures. The objectives of this study were to discuss the effect of different organic manures combined with

chemical fertilizer on nitrogen use efficiency and soil nutrients and provide a theoretical basis for efficiently using
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different organic manures by optimizing fertilization techniques. [ Methods ] Eighteen fertilizer treatments
included in this field experiment were: one chemical fertilizer treatment (farmer’s N rate, N 225 kg/hm’® per
season); twelve treatments of organic manures (chicken manure, pig manure and cow manure) with chemical
fertilizers (ratios of manure N in the total N input were 25%, 50%, 75% and 100%); four double farmer’s rate
treatments of three manures(chicken manure, pig manure and cow manure) and chemical fertilizer applied
singly; one without any fertilizer treatment. The effects of different fertilization systems on nitrogen uptake,
nitrogen use efficiency and soil fertility of crops were studied and discussed. [ Results ] Under farmer’s N rate
(225 kg/hm?), applying chicken manure or pig manure alone had similar nitrogen harvest index (NHI) and
physiological efficiency (NPE) as treatments applying chemical fertilizer alone, NHI and NPE values of
treatments applying cattle manure were 79.06% kg/kg and 64.42 kg/kg. Compared with famer’s N rate, the
double rate of chicken manure, pig manure or chemical fertilizer decreased crops’ NHI and NPE significantly,
while the double rate of cattle manure did not decrease crops’ NHI and NPE. The difference among various
ratios of chicken manure and chemical fertilizer, pig manure and chemical fertilizer, cattle manure and chemical
fertilizer was not significant. Under farmer’s N rate (225 kg/hm?), applying chicken manure or pig manure
alone had similar partial factor productivity (PFP) and recovery efficiency (NRE) as treatments applying
chemical fertilizer alone. PFP average and NRE average of treatments applying chicken and pig manure were
39.66 kg/kg and 41.85% respectively, however, PFP and NRE of treatment applying cattle manure were 29.1
kg/kg and 15.6%. Compared with famer’s N rate, the double rate of cattle manure, chicken manure, pig manure
or chemical fertilizer decreased crops’ PFP and NRE by average of 49.1% and 23.2%, respectively. Moreover,
all treatments combining cattle manure, chicken manure or pig manure with chemical fertilizer also had similar
PFP and NRE as treatments applying chemical fertilizer alone. Applying organic manure alone or combining
organic manure with chemical fertilizer could not increase soil total N content. High level of P and K content in
organic manure resulted in more soil available K and P than treatments applying chemical fertilizer alone.
Available P of treatments receiving chicken or pig manure was 5.82 or 7.06 times that of treatment receiving
chemical fertilizer alone. [ Conclusions ] Under the recommended fertilization rate, chicken manure or pig
manure should not be applied or combined with a small amount of nitrogen fertilizer, and cow manure with about
75% nitrogen fertilizer could achieve the same nitrogen use efficiency as chemical fertilizer, while improving soil
fertility. In actual production, the proportion of manure and chemical fertilizer should be adjusted according to the
characteristics of manure, so as to realize the scientific utilization of manure.

Key words: organic fertilizer type; organic and inorganic fertilizer; winter wheat; summer maize;

nitrogen use efficiency; soil fertility
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Table 1 Basic soil nutrients of the experiment soil

FZ2RE (cm) AU (g/kg) 245 (gkg) B (mg/kg) HRLET (mg/kg) -
Soil layer Organic matter Total nitrogen Olsen-P Available K P

0—20 12.64 0.73 14.20 78.59 8.69

20—40 7.35 0.43 423 57.63 8.50
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Table 2 Nutrition contents of chicken manure, pig manure and cow manure

F%47 & it Nutrient content (%, DW)

AHLUE HHLEE (%) N K (%)
Manure 4% Total N 454 Available N 4% Total P 4§01l Total K Organic C Moisture
F:2% Cow manure 1.55 0.02 0.96 1.98 20.0 12.9 70.0
92§ Chicken manure 1.73 0.04 2.65 2.40 16.1 9.31 30.0
#3% Pig manure 2.72 0.05 3.95 1.96 22.5 8.27 70.0
*3 FREFHSAE (kg/hm’)
Table 3 Details of nutrient input in each treatment
/INAZZ% Wheat season Tk Z: Maize season
by HHUEA ALAE Chemical fertilizer ALAE Chemical fertilizer
Treatment Manure N N PO, K0 - P ——
AL Basal Top-dressing N Basal N Top-dressing N
CK 0 0 0 0 0 0 0
CF 0 112.5 150 150 112.5 112.5 112.5
CHM100 450 0 0 0 0 0 0
PM100 450 0 0 0 0 0 0
CM100 450 0 0 0 0 0 0
CHM25 112 84.4 112 112 84.4 84.4 84.4
CHMS50 225 56.2 75.0 75.0 56.2 56.2 56.2
CHMT75 338 28.1 37.5 37.5 28.1 28.1 28.1
PM25 112 84.4 112 112 84.4 84.4 84.4
PM50 225 56.2 75.0 75.0 56.2 56.2 56.2
PM75 338 28.1 37.5 37.5 28.1 28.1 28.1
CM25 112 84.4 112 112 84.4 84.4 84.4
CM50 225 56.2 75.0 75.0 56.2 56.2 56.2
CM75 338 28.1 37.5 37.5 28.1 28.1 28.1
DCF 0 225 300 300 225 225 225
DCHM 900 0 0 0 0 0 0
DPM 900 0 0 0 0 0 0
DCM 900 0 0 0 0 0 0

# (Note) : CF—HififbAC Chemical fertilizer; CM—Z“F-2€ Cow manure; CHM—342% Chicken manure; PM—J##€ Pig manure. ZbFE P AY%L
FARREAVIEEAE 2B EILA P B L] The values in each treatment code represent the percentage of manure N in the total N input of the

treatment.
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Fig. 1 Total N uptake of wheat and maize in each treatment
[£ (Note) : CF—Hififk Al Chemical fertilizer; CM—243§ Cow manure; CHM—#% 3% Chicken manure; PM—J4 3¢ Pig manure. 40 Y%L
FREFVICEAE TP AL A P A LLHF] The values in each treatment code represent the percentage of manure N in the total N input of the
treatment. J7AE_F R [R/NE TR R R AL PR E] 22 S AE 5% 7K 2 3 Different lowercase letters above the bars mean significant difference among

treatments at the 5% level.]
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Table 4 Nitrogen use efficiencies of different treatments
sl HAEWSHEEL AR RAE A1 AR IR

Treatment NHI (%) NPE (kg/kg) PFP (kg/kg) NRE (%)
CK 74.08 +2.97b 67.75+599a
CF 79.36 +0.99 ab 52.19 + 1.69 defg 40.09 £ 1.66 ab 47.19 £ 0.81 abc
CM100 78.60 +2.81 ab 64.42 +4.33 ab 29.08 +£2.63 ¢ 15.55+2.87 fg
CM75 78.57 + 1.46 ab 59.67 + 8.05 abcde 3531+2.43be 30.64 +11.95 de
CM50 77.09 + 2.60 ab 60.66 + 4.92 abcd 37.04+3.68 ab 34.57 +5.53 cde
CM25 79.77 +£4.16 ab 59.12 + 2.76 abcdef 40.72 £3.78 ab 39.19 + 3.61 bede
CHM100 78.78 +3.83 ab 56.70 + 3.77 bedef 39.65 +2.00 ab 40.40 £ 1.50 bede
CHM?75 78.52 +5.08 ab 53.37 + 8.80 cdefg 41.21 £3.48 ab 49.59 + 18.04 abc
CHMS0 79.43 £ 4.01 ab 53.29 +5.60 cdefg 4323+1.17a 52.17+9.36 ab
CHM25 79.12 £ 0.90 ab 52.23 +6.53 defg 4243 +2.84a 52.05 £5.66 ab
PM100 79.50+ 1.16 ab 56.54 + 12.23 bedef 39.68 +1.89 ab 43.31 £ 18.89 abcede
PM75 77.05 +0.90 ab 54.47 + 5.14 cdefg 40.60 £ 0.45 ab 45.40 + 7.34 abed
PM50 74.81 £6.33 b 50.93+6.71 efg 4310t 1.44a 55.94+1041a
PM25 81.10+3.93 a 49.80 +7.20 fg 42.13+£2.26a 56.50£16.32 a
DCF 73.80+3.76 ¢ 46.82 + 1.85 gh 2046 +1.13d 29.33+4.15ef
DCM 77.94 +£4.92 ab 62.41 + 1.40 abc 18.49+3.05d 1231+£3.10¢g
DCHM 73.96 + 3.56 be 45.85+1.94 gh 21.15+0.65d 31.36 £ 1.94 de
DPM 6798 +534¢ 39.22+290h 21.51+143d 40.06 £ 0.65 bede

1 (Note ) : CF—HujififbI! Chemical fertilizer; CM—4-3% Cow manure; CHM—3%3% Chicken manure; PM—J#3% Pig manure. ZbHH A 9%
FREFHLELELHERAF B LB The values in each treatment code represent the percentage of manure N in the total N input of the
treatment. NHI—Nitrogen harvest index; NPE—Nitrogen physiological efficiency; PFP—Partial fertilizer productivity; NRE—Nitrogen recovery
efficiency; [IFNEHE 5 A /NG F RS A R AL FERIAE 5% /K255 8% Values followed by different lowercase letters in a column mean

significant difference among treatments at the 5% level.
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x5 BRI 0—20cm. 20—40cm HELR, AYH BHHEE
Table 5 Total N and available P and K contents in 0-20 cm and 20—40 cm deep of soils under different fertilizer treatments

Abp 4% Total N (g/kg) H W Available P (mg/kg) B Available K (mg/kg)
Treatment 0—20 cm 20—40 cm 0—20 cm 20—40 cm 0—20 cm 20—40 cm
CK 0.65 £ 0.05 bedef  0.38 +0.03 be 16.52+3.78 h 450+043 g 82.37+0.0l ¢ 75.6£7.61 ab
CF 0.78£0.07 abcd ~ 0.40 + 0.03 be 13.78 £4.35h 455+134¢ 90.64 £2.86de  73.94+4.98 abc
CM100 0.82+£0.21 abc 0.48 £ 0.05 abc 22.32+4.71 fgh 5.66+1.97 fg 108.83 £ 15.16 cd  70.61 +£5.75 bed
CM75 0.66+0.11 bedef  0.40 + 0.05 abc 23.59 + 6.14 fgh 6.87£1.57 cdefg  101.96+0.44 cde  70.61 £ 7.61 bed
CM50 0.84 +0.06 ab 0.46 + 0.09 abc 21.06 + 6.46 gh 508+194¢g 98.91+7.58 cde 70.61 +2.88 bed
CM25 0.54+0.14f 0.45+0.13 abc 16.25+5.19h 5.70 + 1.24 efg 93.94+286de  67.29+7.61 cd
CM100~25 0.71+£0.12 A 0.45+0.07 A 24.14+6.23C 599+1.72 A 109.24 £ 19.78 A 69.78 £5.62 A
CHM100 0.65 £ 0.08 cdef 0.41+0.11 abc 80.17+£21.20 cd 6.2+£0.57 cdefg  120.41 +£17.43bc  68.95+0.01 bed
CHMT75 0.7+0.07 bedef  0.43 +0.05 abe 51.97+9.12def  8.12+2.56 bedef  90.64 +15.95de  68.95+0.01 bed
CHMS50 0.81+0.08 abc 0.42+0.13 abc 41.51 £19.26 efgh 5.63 +£2.10 fg 102.21 + 14.89 cde 68.95 +4.98 bed
CHM25 0.58 +£0.11 ef 0.42 +0.05 abc 23.16+731fgh  499+140¢g 97.25+4.96 cde  70.61 +2.88 bed
CHM100~25 0.68 +0.05 A 0.42+0.01 A 49.2+10.99 B 6.57+095 A 102.63 £9.64 A 69.37+19A
PM100 0.75+0.09 abcde  0.42 +0.03 abc 97.35+18.12¢ 8.54 +3.46 bed 100.31 £7.51 cde 75.6 £5.75 ab
PM75 0.66 £ 0.08 bedef  0.49 +0.05 ab 64.68 £1542de  9.89+0.87 ab 100.56 £2.86 cde  75.6+£2.88 ab
PM50 0.72+0.08 bede  0.46 + 0.05 abc 51.03 £ 17.87 defg  9.01 +2.54 be 100.56 + 12.49 cde  73.94 + 4.98 abc
PM25 0.59+0.07 ef 0.50+0.03 ab 39.65+£21.95efgh 6.12 +0.58 defg 90.64 +2.86 de 75.6 £2.88 ab
PM100~25 0.68 £0.05 A 0.47+0.05 A 76.51+£9.99 A 8.39+0.69 A 10635+ 12.05A  75.18+0.01 A
DCF 0.65+0.20 bedef  0.35+0.06 ¢ 17.35+5.13h 482+0.74 ¢ 96.79£0.79 cde  68.95 + 0.01 bed
DCM 0.72 £ 0.08 bedef  0.48 +£0.07 ab 63.16£29.79de  7.93+0.64 bedef 158.45+12.49a  72.27+5.75 bed
DCHM 0.59 £ 0.09 def 0.44 +0.08 abc 132.59+27.33b 8.52+2.16 bcde  141.91+34.73ab 65.63+2.88d
DPM 0.92+0.15a 0.52+0.08a 169.48 £4298a  12.25+0.84a 136.95+37.46ab 80.58+7.61a

£ (Note) : CF—HififLAl Chemical fertilizer; CM—Z%F-2§ Cow manure; CHM—342% Chicken manure; PM—J##£ Pig manure. ZbFE Y%L
FREAVLELE TP EILA TR CM100~25 1838 4 D4 FEA LA B, CHM100~25 fR3 4 DIGFEALLHIALBE; PM100~25 fi3 4
MEZER L BIAL B [FFEE G AR NE FREFRORA FIALBEETE 5% /KF-22 55 .32 [RIZVEHE G A R RS SR 3R AR HLIE A B (A ) /e
5% KA B 225, The values in each treatment code represent the percentage of manure N in the total N input of the treatment. CM100~25
represent treatments of N percentage from cow manure; CM100~25 represent treatments of N percentage from chicken manure; PM100~25

represent treatments of N percentage from pig manure; Values followed by different lowercase letters in a column mean significant difference among

treatments at the 0.05 level; Values followed by different uppercase letters in a column mean significant difference among the average of three organic

manure treatments at the 5% level.

225 kg/hm? B, AS[EGHUIE AL 0—20 cm .
20—40 cm HEEEE HF R R EN2ZER .
BRI A AR, ER AR AR B 0—20
cm, 20—40 cm + 2 %0 & E 52 B A R
BT EHILEEEES ., FHERE AT, Ht
AL 0—20 em A RBE S R AL IR AL B
() 1.62 %, FAREASFEFIEFEAL LN 0—20 cm +3EFH
R o 2 T A R AR AL B, A ) S A 2 b
PRI 3.59 F14.05 £, FLACALBEEAY 5.82 1 7.06 fiF;
20—40 om THEHUIAGFE | AR FNARAC b A RO A

WA R BEM S, B A A R
D T R A RE R 2R S A B L A A 1
T, 4240 0—20 em I3 R0 & B ILAC AL B
1) 3.64 1% (P < 0.05), 20—40 cm 2% 5 AR EE;
it FH X 2 F g% ZE M0 0—20 em 1 20—40 cm 347
s B TR EE, 0—20 cm HEH
W& 843 WL DCF 19 9.77., 7.64 % (P <0.05), =4
LA SR BCREA RS, 0—20 cm F1 20—40 cm +
A R A S B AL I AL B Y X2 SRR A
Jiti 1) = A Ak B DL KR 2 5 A IE BTt ) = Ak B
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FEAE LU 5 e A BRAY 0—20 em 1 20—40 cm A
R A RIS T AL AL B =R AR AL B 1Y
HIFIZE 0—20 om 124 850k & S 3B M 22
S, IR A, HUORAG IS, 43kt
(A RAR; 20—40 em + 2 A 5 & R A B
ZE5,

BB IR = AR AR R, fRAE AR 0—20
cm, 20—40 om = HEHEHR S0 R OT B k2
5o WHEME AT, MAisdE . W BIRLH
0—20 cm +- BEHACH & o AR LB AL FE Y 1.20
132, L1145, AZERGZEAL 3 5 LA 31 2 [A] Y 22
S 2040 cm HIEHSUH S EEF AT, &
WHIALAET, i X3 AL EE 0—20
em HIESACH E Y B TR, 3R
JEALFRAY 1.64. 1.47. 1.41 f%, 20—40 cm 35
HEREERARE . ARSI E R 9 b B,
0—20 cm. 20—40 cm T HEHAEN S i S5 LB AL 2
SRR B K. =R PRI EYE 0—20
cm, 20—40 cm HIEHAER SRR I B 2SR

3 hie

REWCRFEEC (NHI) FiA: 2R H% (NPE) 4351
B 5 Ve WO 2R 5 AE KR FP B 23 IC L 49 AR )
WA R JEIE PRI RE T . ARBFFE R, TEMEA
5Ol 450 kg/hm? I, i FH 24 2640 B NHI 1 NPE
Wb TFRGE K, EERE AR TP AN A
RCPEARAG , AT HEAE 4 WM ) Rk 4 T 3 ARK -
TS B0 FH 2R 2 A0 R A AR A W R R AL TR A KR
(F 1), M E R ERAR R R RS R BRI
AR A HRCR AR WA R, A il 225
kg/hm?® BF, S FHACIE . X3 FEEEM AL L,
it 2 ZE A B 1 AR R R AR R B AR AR, HA
FFHRCRATIAE T 5= KT, 0T RE R it 2 2%
F T A 2SR AL PR 5 1 AR )2 ) i W )
REHAT TV A 1B

RIEH R MOR TR EAEY 4 P i 2t ), H
LA s LA IR B2 5 AUIE A T 54T 2 A 30
iz —. WA . 2 A R AN
YE R R WM P IF] 56 R 2 BB L FZENE
— i, ARBE A AT DL el IR AL, H
WA GBRENE; AT RARBRZEE, A
Gyt e, A AR XE R IR 2 68 1Y) B AR VR W W R
Mo WFFERW, ESFABIAIT, GHAHILTE
PUBCHE AT LA S 2 R S VR RUIE R . 2R g ey

I R I, 25 NPK 40F F A HLICHLAS B Al H 7K
FE R A F RN 34.9%, %5 T 10 e b 3
(33.2%) FIAHLICALIE (28.0%), BAEZECIHFSE T =Fh
HERE JFORE A HLCHLE A IR B R R R, 5§
R 2 T BRI . REERISOR L
PRRCR A A 7 T 3 4 3 = TARIEAL B, A58 &
B, WG FEFNIEFEANE LU A L] 5 AL RO, &
P2k 7= 1 R RS R 235 5 st A AR AR 2 5 I 4
Z6 5 10 I8 FE i 4 b B CM25 Fi CMS0 £ UIE g 21 7
3R FH 2R FE AT A g A A A BEAR 2, o it Ak
B (CM75) BIANEFI 2 0 25K TR A A o e
ZER GHRAFOITR ZS R AR AL, X TR R
FAIXF A28, XSBRAE B AAEY A K B rp B
BRI R AN, mWEPR RN, A
HEAE 240 kg/hm?® U, I HAPUERA S SR &
B 10%~20% B, A AL ICHL B i Ak 29 20 2 1k
B REEHORRN A R A FR 3R L B A A Ak P i B
Rl JAVTERNASG R, A WU A 20% B,
KRR R BRI B e, A FR 0y ENAH & 5
o HIE, AHUAE R NARCERA PR A S
SRR I LU 2 P A HLICHIL G i 2 75 1T AR S AR
WENEAAIRWEZERN R, 500, AHLIHILZ
JIT LA REAE S5 AW 454 P2 3 AUIE R 3 0 Ji P 32
B AT A HLICALBC A 3 T 3 B4k
e, EEBEAESE T IR ON; AR L
RE T3 - A i BRI TG o, AT St A
FIALER, 7 HLICHLEC it A S B 4t 1 46 A
REVRD T (CF LA ), it ME A 15 w1 P B2 1 3
B ik 22 B T ML AT 8 T A E AR P, DA sk A T
TAVE R TR s A AR, SR EE I,
+ g A R R RE R N s>, AR A
RAFETT, B AR P 09 3R AR P WSO 220
WA VUL B T A VLA R R, "RES SRR
THERA L, SIEEYAERK RS HED S A
MIBRG, MIISE I A R LN . &3 HLICHLEC
Jiti T A S B - 39 AR AR 5 4 4 7 A S0 A 3R
— 3, TEAEEBEA AT IMHNI T IR0 R
FOHEZS , M4 =5 T ZUIE A A e

AN R HLAE 9 ot 4 B B L Ak it v 1 5 1
YIARTE], SR AR RSO A B AR,
PN R e NS o B o e w2 R L e w2 )
JEA BERCR, MR . EFEheds e HIEA HLR
T, PRETSEIBEIT R WA A SRS ZE AL B Y T
AL, &R . AR, U BEA AR E
PTH, FEFFEAI AR AR R R
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FHREE R T4 A0, HA P05 & &0 B2
5o BLTEFECIRIGE T A FASEA HUIEXT SR £ A R ik
A AL B 5 T A S RE e, I A 43 il T it 25
HO(ER) 2. X BIEMMEILE, MENEALEE +
AT LR B2 > 0.25 mm A g A RARAT HLRR & 72 = T
HEAPUEAR, (H43E, WIEAERLHE =52
(A S 22 5 o AR = A A HLIE 5 1R A it
M R AR A B, Bid2E. W, HEMN
IR AR 3, SEIEMAGIEMIL, 42
N B fE R CEE hy 20 R I B8 &) (- A7 e H8rh . i
TAGE S Jy W A2 — 4, g iR 2ZE N R F 38
IR E RS A MR St A EE 2 [R] AL AS B
R HECPMICERB], 938 . 4P
B (P,0,) 433 e B 28 90 4R I 65.7% .
93.7% 1 52.0%, ¥ (K,0) 43l kb 1 it 4d 90 4F
UGN 139% . 54.8% F1 71.9%., 7S 3C 2t fk AT Ab
FEHY P,O; A K,O BB A A4 150 kg/hm?,
BN P K 7098 65.5 Fl 125 kg/hm?, 255 & 444
T A 2E . RS FERIE FE AL B A P I A Bk
324, 691 F1 719 kg/hm?, 43 55E LB AL 31 4.9
10.6 F1 11.0 15 A K BE730000 667, 626 il 356
kg/hm?, 752 LB FRAY 5.3, 5.0. 2.9 ff. Ak
g, i XS —EAR, 0—20 cm T HEA B
HACE S 5403k B T 80.2 mg/kg Ml 120mg/kg; Jifh
FEZA k3 T 97.4 mg/kg Fl 100 mg/kg, Tt 4
R S AR R T 109 me/kg, HEAERAL S5
R, ARIEALFE 0—20 em IBEAT RCHE AR & B
4390k 13.8 mg/kg 1 90.6 mg/kg. il FH X936 FIHE FE Ak
PRAEAS 4 A A5 RS A58 B i K E A, 4+ 3%
Ab 3 SR AR o B R N, DR I A R
SRR W EEMBR, B E L
R R TAUSON /IS, Tl B A ok 1) [l J S 5 | R
o Bk, 7EAYLICHLED i R N 12k e a2
W FREAERE T, R R B R R BT AR

4 558

D) HEFE IR T, SRS WS Bl
5 A N Tt X P W S . SRR IR A B R
AR M el S D BEARIE (25%) BEtFEAR T 1Y)

AR L R A AR R, (HER e T
TRV R R AR A

2) B, S X I R AL AL B A ]
AR LIRS (A FE ARG FeAb B
A A A L P A 2 A T A - S
W T AL

3) FESEBRA = H, NG a2 P it kP it /L
RNL, FHEIHEL 75% AR, Al IR R 7
Oyt KA IR T BB Tt
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