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The nitrogen mineralization characteristics of organic fertilizer for livestock and poultry under paddy-
upland rotation

SHEN Shizhou'?, WAN Chen'*’, MA Yingjun'**, HU Yukang'*’, WANG Feng'?’, ZHANG Keqiang"*’
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Experimental Station of National Agricultural Environment, Dali 671004, China; 3. College of Resources and Environment, Yunnan
Agricultural University, Kunming 650201, China; 4. College of Resources and Environment, Northeast Agricultural University, Harbin
150030, China)

Abstract: The objective of this study was to explore the nitrogen mineralization characteristics of different organic fertilizers for livestock
and poultry and provide a basis for scientific fertilization under the paddy and dry rotation mode. The experiment included five treatments :
blank, sheep manure, cow manure, chicken manure, and pig manure. The field in situ cultivation method was used to monitor the
ammonium nitrogen and nitrate within 300 days after application of organic fertilizers. The results showed that the mineral nitrogen of

organic fertilizer was mainly ammonium nitrogen, and the nitrate nitrogen content was very low. The ammonium nitrogen content of different
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organic fertilizer treatments increased first and then gradually stabilized. The ammonium nitrogen content of the chicken manure treatment

was significant and higher than the other organic fertilizer treatments. The nitrate nitrogen content of the different organic fertilizer
treatments fluctuated and declined rapidly in the first 30 days. The differences in the nitrate nitrogen content between the different organic
fertilizer treatments gradually decreased with time. Flooded conditions promote the mineralization of organic fertilizers; however, it inhibits
their nitrification. The net nitrogen mineralization rate of each organic fertilizer treatment was higher under the flooded conditions during
the rainy season, whereas it was stable under the aerobic conditions during the dry season. There was no significant increase or decrease;
however, the net nitrogen mineralization rate of each organic fertilizer treatment was low. The net nitrogen mineralization rate of each
organic fertilizer treatment was higher during the early cultivation stage, concentrated in the first 60 days, and the difference between
different treatments was significant. The treatment of chicken manure and cow manure was significantly higher than that of the other
treatments. The net nitrogen mineralization rate of each treatment during the later culture period was low and stable, and the difference
between the different treatments was small. After 300 d of culture, the cumulative nitrogen mineralization amounts of the chicken manure,

cow manure, sheep manure, and pig manure treatments were 32.99, 17.60, 13.90, 12.83 mg - kg™, respectively. Therefore, the nitrogen

mineralization effect of each treatment was in the order of chicken manure > cow manure > sheep manure > pig manure.

Keywords: paddy and drought rotation; organic fertilizer; livestock manure; nitrogen mineralization
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Table 1 Basic physical and chemical properties of tested soil and

organic fertilizer

HEI A A} WA Ko X7 el
Test material C/N  TN/(g-kg") TP/(g-kg") TK/(g-kg")
I Soil 713 12.09 3.41 0.97 19.31
FFEShM 7.82  25.12 9.84 5.23 4.21
43 CoM 814  16.79 6.13 9.39 16.78
WFE ChM 821  9.81 33.80 20.68 12.53
A PIM O 851 1133 30.92 28.3 9.91
FEATIRAS) A o 185 kg-hm ™, il i & A HLAL A %

T EA MU I, B MU S & Lk 2,
G A 200 mL 2548 7K , 76 HAER I 4 3 cm 7K
2 U\:‘L_@J‘}%7k%ﬁ: Wkt B GG X R 2
PIR 5 em #7858 . i RBR R A] 2 20204F 12 7 1 H—
2021 4F 10 H 1 H , BE 3R EHAR UK /R R R
300 d,0~150 d Ky FI MK IE SR, 180~300 d Jy 241
HBEFR T R 9555 30,6090, 120, 150,180,210,
240,270,300 d PEA TR IR A

F2 gk HVRRME

Table 2 Tested amount of organic fertilizer

asm i

A A HLAE kR

Test organic fertilizer Moisture content/% Add amount/g
“F4€ ShM 14.00 2.12
3% CoM 14.30 3.22
5FE ChM 17.50 0.60
JEA% PiM 13.10 0.63

1.3 METH R A%

251306 Ab P 2 BE A S IS ()R AR R g 2 B Y
FE, LREBEFER A1 R R 20 ¢ TR AR, HnA
100 mL ¥ B4 2 mol - L (1) S AL 8= B W, 7 18 L Bk
Gies TR 1 he R 56U , FH IR B P K FE L 38
AR, 3R A R F B 9 5 b B 7R D, - RS A
AR AR 3 -4 6 BRI ™
1.4 Zit545a0Hh

WA =N A T E+HEA AT &

RE BB E=0E0 AT E-PET A

/B\

!

H RN T =GR R /R R (]

REWT K= PR B R K BE 1k 5%
TEAR PR R B b i) ik R & S x100%

FIIJH SPSS 25.0 %ot Ei i 04 14k 3 % Wik 2% Sy

Bt , Ff Origin 2019b £ 18]
2 HRE5SMH

2.1 AEIEVELE TIEEESEMESRENTH
1R LUE H 25A AUIE A 3 b 4 A8 R i
YRR , 16 3.18~6.29 mg - kg™ Z [A] . CK &b B EE A5 A
ORI R N 2918 IR SRR
A A, TE 0~30 d, CoM , ChM 1 PiM &b P 4 75

A EHGE ETF, ShM AN B AR A i3 . 7E 30~60 d,
ShM Ab H 2 25 % 7 e dV i T B, 25 60 d BH AT 1.74

mg - kg™, ChM 40 FH I G i, JHC Al i AT Ak P 7 2 |
Tk 7E60~90 d,CoM ,PiM Kb HER SR & i % FIE,
T B B 43550 Ky 14.54% 1 28.62% , Hofth 4b 3 52 - 7
e, 1E60~150 d, [F: CoM 7E 120~150 d £ S A & &
T B 4.08% S, HoAth kb H 35 222 BT, Hp
ChM 7F1 ShM 4b FJ 4% 25 &0 & & B 5 Th s, 7846 150 d,
ChM Ab 34+ e R & f s 3R KAE , & A0 3 1 e
B A& 5 K/ A ChM>CoM>PiM>ShM>CK , 43 51
62.61.30.51,27.88.23.32.13.30 mg-kg ™', 7E 150~180
d, B ChM &b PR A 5 = N RS, a4 A HLAE 4b
PRI F b, H k8 i KAE , CoM ShM 1 PiM
Ab PR 25 R 4 ) R 35.32.34.03,31.20 mg - kg
1£180~300 d, &5 A HLIE AL B+ 3 e S A S 2T
R, ChM Fl PiM B 8 A & s il PR, TR T
5.69 mg- kg ﬂ%u452 mg-kg™', CoM Fl ShM £ 25 & % &
WA T, 55300 d S AP+ R S R/ R
ChM>CoM>ShM>PiM>CK , + 3 & 75 & % &= 43 %~
55.84.33.54.33.53.26.68.15.51 mg-kg ',

t B2 0 LUE 1, 25 A HUIE A 3 A R AR
AL 7E0~30 d, 578 HLIE AL R A AL %

?‘v

il

80l @ CK -O- ChM —A- CoM —A- ShM  -@- PiM

nitrogen content/( mg- kg" )

- HE4R A5 S & i Soil ammonium

0 30 60 90 120 150 180 210 240 270 300
15 FBF] Training time/d
Bl AELETEESERIETWL
Figure 1 Changes of soil ammonium nitrogen content in

different treatments
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Figure 2 Changes of soil nitrate nitrogen content in

different treatments

R B, Horb ShM AbBE R B f b B, FRE T 12.55
mg - kg™, CoM . ChM #1 PiM &b 3 0 43 51 F B T 7.33.
4.80.7.82 mg-kg ', £ 30~60 d, %A HLAE AL HAS A A
SRTIE L5 60 dISF, CoM Fl ChM b BE43 51 b 7%
7.10 mg-kg ' Fl19.15 mg-ke ', B 35 K F At AL AL FE
5560 dJ5 , #5 HLIE AL FRAR A & o AN T %, 4b
T[] 2 ST/, 76 180~210 d, AN [ 40 B fa) e F—
HIF R AR R E . 55210 d, ShM . CoM ,ChM F1 PiM
Aib B A A = 4 B R % 0.03.,0.07.,0.02.,0.05 mg -
kg™, CK A3 55 i I Ak 3% Ak a5 AH AL, 210 d A S A
FHEN0.03 mg- kg, St AR AL BEE] 22 F AN 55210
dJ& , CoM 1 ChM &b 3 -3 A 0 & 2 R B ml I, £ 26
300 d 4351 T F % 2.88 mg-kg ' F12.14 mg-kg ™',
22 AEEBERT HEENTK

F 3 AT LA, 4578 MLAE A B R fb o oK
Wesh ek, 160~30 d, ChM Fl CoM b B KB kA il
U, 43538 5] 0.60 mg kg - d' F10.45 mg-kg - d, T
T T At bt AE Ab B, ShM b BF 5 IS, 12 4 -0.40 mg -
kg™ e, 3K — By BEAS [ it HE Ak 2 1) £ 05 R0 b R
2SN B E, 7E30~60 d, ChM Fl CoM &b B 114 4

RAGRBRZZ2R-BFEFRESHEET] LEPNE L0

WAk R B B, HERT 30 d 4051 R T 95.00% F
28.89%, ShM 4b 3 ¥+ R A fb 3808 T+ ABA Ry 7
PIM AR FE L B T BTt 33X — B Bt CoM &b B (114 4
WAL R A, 155 0.32 mg-kg ' -d™', ShM Ab P % 11K,
L H-0.12 mg-kg'+d™' 7 60~90 d,ShM 4bF |- T 5
0.28 mg- kg™ -d™", CoM Fl PiM Ab B i 38 R [, 728 4 1t
&, 439 H-0.33 mg-kg'-d" F1-0.16 mg-kg'-d™*, 4
IR M B i . 7E 90~120 d, [ ShM R F% 0.20 mg-
kg d LASD , AR KA P AR R FEEE T, ChM Al
PiM b & e K, 000 B F 0.44 mg - kg - d7 T 0.41
mg-kg'-d'. 7E 120~150 d, ChM #l ShM 4k 2L 5 F Tt
AR R A 2R Bk E 150~180 d, ChM
Ab 3 v A A R TG T [ 2 -0.07 mg kg d
ShM b FEAK 22 b, ik 315050 By Be s KAH , 4 0.34
mg- kg™ -d™, CoM I PiM &b B 8] JC i 422 5, 35k
0.09 mg-kg'-d"'. 7E 180~210 d, £ 4 HLAE &b 2 £y ¥4
R L R EIFEAK , ShM |, CoM , ChM , PiM 4b B 43 51|
0.01.-0.02,.-0.14.-0.13 mg-kg'-d™'. E210d 5,4
b PR R A T B E AL, B 0. BA
b A A ARG SRR A R L R S

23 AENERZRRTHLENEN
Hi 1 3] LUA Y, %A HLIE AR 3 40 3% R R0

VA FRSE BI85 30 di,
CK 1 PiM 4b BE A 2 BRI b 5o T fE, 4390 -1.13
mg kg™ Fl1-2.58 mg- kg™, 7E 7 221050 B Bt 3 R IE 1R
FETT 90 d, ChM Ab BRAZ fEAS I 2, CoM Ak PR AE T 60 d
R55 E T AR5 60 dIN R EIR R, K 23.13 mg-kg',
RS N, 7ERT 120 d, ShM 2L PR B b1
R UE, ZE5E 60 d FE R ERAR, A-15.78 mg-kg'o 7EHT
120 d, CoM A PR 2 R fb it ¥ TR E L 76 120~
300 d, CoM Ab PR A R B AW fb & 22 fb 7E - 14.83%~
7.78%. ChM kb 3 7E 55 120~150 d 5k | TH i #

F3 AEANEERTUEZEZH (ng-kg'-d™)

Table 3 Changes in the rate of net nitrogen mineralization in different treatments(mg-kg™-d™")

Qb3 Treatment 0~30d 30~60d 60~90d 90~120d 120~150d  150~180d  180~210d  210~240d  240~270d  270~300d
%11 CK —-0.04c 0.05¢ 0.03b 0.03d 0.06¢ 0.07b 0.01a -0.01a Oa -0.01a
M52 ChM 0.60a 0.03¢ 0.01b 0.45a 0.57a -0.07¢ -0.14b -0.05ab -0.20b -0.09b
43¢ CoM 0.45b 0.32a -0.33d 0.10¢ -0.08d 0.09b -0.02a Oa 0.01a 0.04a
4% ShM -0.40d -0.12d 0.28a 0.08¢ 0.30b 0.34a 0.01a -0.01a -0.01a -0.01a
FA% PiM —-0.09¢ 0.25b -0.16¢ 0.25b 0.23b 0.09b -0.13b Oa -0.01a -0.01a

T RSV EELS AN [A)/NG TR R AR B ) 22 53 7E P<O.05 K F- e # . FIAl.

Note : Different letters in the same column indicate significant differences under the multiple comparisons (P<0.05). The same below.
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POFES 150 diA B A, M 49.71 mg- kg, TR
5 52.11%, JE FEE T R, 55 150 d &5 A MU AR PR R
ZHE k& K /NN ChM>PiM>CoM>ShM, 43 %1 &
49.71.14.53.13.90.4.25 mg-kg'. 7E% 180 d, PiM Ay
RE BBk B K, H17.34 mg-kg' o 7E210
dJ5 , Bk ChM 2 N RS h  HAR & A R 2
b8 TC B 8L 165 300 d & A HLIE A F R 2 2
WAk K /N B ChM>CoM>ShM>PiM , 43 51l 7 32.99
17.60.13.90 .12.83 mg-kg™, CK AL H A A 25 21k
ARG SR WA N PR R 18 T B SR A R Ty 5.58
mg* kg_l BT A IR AL EE
24 AEBNERERET ULERNTL

&4 0] LUE H, ChM AR R 5™ 4k R AE T 150
d AW BT, 55150 d B T 2= 5 5 81.78%, £ 210~240
d A B AL, J5 B ] GE K ASWTFRAIR . CoM 4k
PR R L RALES 60 d B ik 2 2 75 12.01%, 55 90 d
BFR A bl T B, B 5 PR FF R . ShM AR HH 2
R LR LE AT 120 d K U, 5 180 d B | It &
18.79% , M J B N [A] SE 4 B = 0 Ak I B & 281k . PiM
S FR E RS 30 d FIEE 90 d Sl A, 1E 150~
180 d %% , N 22.20%~23.77%,210 d J5 JC i #7284k,
AV ERT R AR AR, 210d )5
Ak RGN . TEES 150 A, RRAVUIER Z 01k

-20% 30 60 90 120
1 #6518 Training time/d

3 ARAERRRATLELTL

Figure 3 Changes in cumulative nitrogen mineralization in different treatments

R IE5 R ChM I PiIM AL PR R L R A0 = 5 7656
300 d B, ChM b 3R 2 4 1k #8 85  , h 48.66% , ShM
FIPIM AL E 0 bR T 22 5%, CoM b AR
AR AUA 6.31%.
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B YIE R 92.47% . TERT 150 d KRG IR T, &4
BRSEMRETE, MG 150 A R4,
BRSEAMAE ., K EREE LK H 5
MR 7R B AR LR & P, WK AbFE R
AR A LS AR D, HAE KR 35 21 d
P, AT AR LS EU LT B R K i 5 b B 3R
126 d N, AT fb A DS BB , X 5 A0 5045
— 20, ULEH K A SRR A ML R B S A
Bk BRBRAEIR HIE K % A R SR iAo & B, it
FGFE AR IR S A S R R T, H
BRENEENLIRES . X HFAREFIRE LR
ARl AHESE HP IR0 5 BT 2R K SRR R, 85
FRAEE AR AR, A AR 3 BB 7E R

= 60
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Table 4 Changes of nitrogen mineralization rate of different organic fertilizers (%)

AL P Treatment 30d 60 d 90 d 120 d 150d 180 d 210d 240d 270d 300d
M3 ChM 33.84a 32.79a 32.08a 54.68a 81.78a 74.45a 66.39a 63.91a 53.17a 48.66a
43 CoM 7.67b 12.01b 6.41b 7.59¢ 5.39%¢ 5.75¢ 5.32d 5.45¢ 5.63¢ 6.31c
4% ShM -23.38d -33.91c¢ -17.80d -14.24d 1.32d 18.79b 19.22b 18.96b 18.25b 17.93b
i PiM -2.95¢ 9.47b -2.27c 11.44b 22.20b 23.77b 15.21¢ 15.38b 14.79b 14.77b
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150 d, & Ab PGS A A S S RREE TR, AR MK -3
A 200 BT RISV T 40 P A5 DA R R T 1 34 v T K
T WK, g R I B S A Ay
AL IS, AR ESMT AR S KA
PRAE P Ek S AR SR, T DA S L A e ik, A
W AE R B RS B R0, 7E 150~210 d ARl 25
FrERSE R AE 210 d ), BRSNS A T
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