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Effects of biogas slurry application on nitrogen leaching in rape fields with typical yellow soil in Guizhou, China
SUN Fangfang', JIANG Tao', CHENG Jianbo™*, HE Tengbing"*?, QIN Song*, WANG Guoying’, HONG Jianming®

(1. College of Agriculture, Guizhou University, Guiyang 550025, China; 2. Institute of New Rural Development, Guizhou University,
Guiyang 550025, China; 3. Guizhou Engineering Research Center for Technologies in Control and Recycling of Livestock and Poultry
Breeding Waste in Mountain Area, Guiyang 550025, China; 4. Soil and Fertilizer Institute, Guizhou Academy of Agricultural Sciences,
Guiyang 550006, China; 5. Guizhou Agricultural Ecology and Resources Protection Agency, Guiyang 550001, China; 6. Yuping
Agricultural and Rural Bureau, Tongren 554330, China)

Abstract: Biogas slurry is commonly applied through irrigation in the karst mountainous areas of southwest China. However, the resulting
leaching of soil nitrogen (N) has yet to be explored, and the environmental threshold of the slurry application rate has yet to be determined.
To assess the resulting N leaching and plant growth and the threshold rate of slurry application, a pot experiment was performed in a

greenhouse, simulating biogas slurry irrigation using materials including yellow soil, rape, and biogas slurry from a cattle farm. Six
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treatments were employed, including triplicated pots containing rape plants without N fertilization (CK), containing no plants with slurry

application at a rate of 480 kg+hm™ (NP480), pots growing rape plants receiving urea at a rate of 480 kg+hm™ (CF), fertilized with biogas
slurry at rates of 120 kg + hm™ (R120), 240 kg - hm™ (R240), and 480 kg - hm™ (R480). In each treatment, 25 mm of tap water, urea
solution, or dilute slurry was applied periodically once every 12 d, for a total of 12 applications. According to our experimental results,
biogas slurry irrigation enhanced soil N leaching, predominantly consisting of nitrate (NO;—N) leaching. The NO; - N leaching was
accelerated by increasing nitrogen application rates, accounting for a total amount of N in the R480 treatment that was 2, 1.8, and 1.4 times
that in the CK, R120, and R240 treatments, respectively. In addition, the slurry resulted in lower N leaching than that with urea, as
demonstrated by the TN, NH; =N, and NO; =N leaching in the CF treatment at 3.8, 2.3, and 2.9 times that in of the R480 treatment,
respectively. Although biogas slurry application at a rate of 480 kg+hm™ (R480) triggered N leaching, 34%, 30%, and 32% of the resulting
TN, NH;-N, and NO5—N leaching was likely reduced by plant uptake, respectively. In addition, biogas slurry applied at a moderate rate
(R120) promoted rape growth compared with that under chemical fertilizer application; however, too much slurry application (R480) could
undermine rape growth. Applying biogas slurry through irrigation to rape plants in the karst mountainous areas of southwest China may

enhance N leaching from yellow soil. Furthermore, a slurry application rate lower than 240 kg+hm™ might improve the balance between N

leaching control, plant growth enhancement, and slurry recycling.

Keywords : biogas slurry application; yellow soil; rape; nitrogen leaching; application rate threshold
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Table 1 Nitrogen application rates and irrigation times in rape growth stages

O i 1 Seedling 75 42191 Bolting FFAEH] Flowering £ U Maturity
RSN (72 AN
. BRI £=5 S 25 S £-5" S £=5 S
GRFE Nitogen SRS BREL e WRE e BRE pen BRE o
Treatment  application/ 8 Nitrogen " Nitrogen L Nitrogen oo Nitrogen "
pp time o Irrigation Lo Irrigation Lo Irrigation Lo Irrigation
(ke+hm) application rate/ ; application/ i application/ ; application/ ;
g 5 time 5 time > time o time
(kg+hm™) (kg+hm™) (kg+hm™) (kg+hm™)
CK 0 12 0 5 0 4 0 2 0 1
CF 480 12 200 5 160 4 80 2 40 1
NP480 480 12 200 5 160 4 80 2 40 1
R120 120 12 50 5 40 4 20 2 10 1
R240 240 12 100 5 80 4 40 2 20 1
R480 480 12 200 5 160 4 80 2 40 1
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£ 5 B CF b B NOS-N ¥k (157.5 mg- L) 2 &
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Figure 1 Temporal changes in leachate NHi=N concentrations
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Z(P>0.05), &A4LFE NOS-N #E & T 23.1~128.9
kg-hm™, i TN iR it 1Y 39.29%~60.7% , R480 4b HE{%
T HoAth 5 A [ i 20 b B e CF Ab FR 8 25 FRAIC 64%
(P<0.05) , tt NP480 &b B [ Ik 32% , FLAth 4% 4b 3L 1] 2
SRR E(P>0.05) . &40 NHI-N#E A T 2.9~
38.7 kg-hm™, 5§ TN ki 119 6.6%~20.2% , R480 b B!
R T A 9 A ) i 20 o A R Bb CF A i 2 R AR
57% (P<0.05) , kb NP480 4k F %A% 30%, L CK \R120
AEBRA BT T 4.8 £5 1 2.7 £%
2.4 ANEEBERE MR

B Ab BRABR A T 86.0~100.4 cm, &b BRA] G &
HEF(E Ta) . BABRE) FHFA LK EAN T 22.0~
31.7 em, R120 2031 F 46 5 A 2K 2 1235 5 11 R480 Fl
CF #b 31 44% F1 40% (P<0.05) , Ho 43 4b 31 i) 2% A i
F(P>0.05) (El7b) o #54b BEA B RE A SR B F 22~
354>, R120 &b F Y FABR A1 REUE % 2 T CF b FL (P<
0.05) , HAY B Ab Bl 2 1) TC g 3 22 57 (K Te) o A0 BE
B K B E 22~35 mm 22 [], R120 b B F) Ff 4
5T CF AL (P<0.05) , HAR S A B 22 (] UG 8 2%
Z5(E7d).
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3 iTig

3.1 BREBRELERMEXE

A SCIH W R NH-N R BE A F 0.2~44.8 mg- L,
W NO-N IR BE AT 1.2~157.5 mg- L™, KIF IR AR
PANO-NH 3, HAEIMSEHT 75 2210 FF e A A 2R
G () KV MR NOS— N ¥R B2 43 J31) J& NHE-N VR B2 1
3.7~18.0.4.1~9.0,2.8~7.1.9.5~1 1.0 %, X 5 A 4R iH
— 5, BN, # TR B 4 A B MRV T NOS-N ¥k
JEH 8.0~54.4 mg- L™, = T KIA W NHi-N ¥k &2 (0.08~
0.34 mg- L), AHF5EH, CK.R120,R240 1 R480
AEFER TN RIS ok 42.7~87.4 kg-hm ™2, HLrp 53.0%~
60.7% 3 NO;-N, 6.6%~19.2% “ NHi-N , &I &5 A ik
VS 15 I it R0 R R T AR o it 280 A O 3 2 480 kg
hm™, 2 TN BRI 1.04 4% % a3 S5 o 4
SO i — 2, B M N 48 TN A 2 () S A
i (x, A F 0~340 kg - hm™) # I 3 1E A 56 (y=0.251x+
85.87,R?=0.999 3**) . M TN JE 45 # K F , NH;-N
(6.6%~19.2% ) FX} NO3-N(53.0%~60.7%) /5 TN [ Lt
AR, 5 A SMF 58— B0, NHI-N bR 12 b it &
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Table 2 The total amounts and proportions of N leached as three regular forms and their differences between treatments

EAVI 2 R N leached/(kg-hm™?) i U HE Proportion in leached TN/%
Nitrogen form ¢k CF NP480  R120  R240  R480 CK CF NP480  RI20  R240  R480
TN 427c  3285a  1183b  442c  539c  87.4bc — — — — — —
NHi-N 2.9d 387a  23.9b 4.5d 6.7cd  16.8bc 6.6 11.8 20.2 10.2 12.4 19.2
NO:-N 230c  1289a  682b  247c  327c  463bc 541 39.2 57.7 60.7 60.7 53.0

T - AT AN [l NE B R A BT 22 57 B35 (P<0.05) ¢

Note: Different lowercase letters in the same row indicate significant differences among different treatments (P<0.05).
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Figure 7 The height, active length of primary inflorescences, number of siliques, and silique length of rap plants

HEIET (N 0 %) 480 kg« hm™) 111 T+ 83%, 5 A EMF5%
H A AUIE AL FE— S0, AR5 TR AL 3 NH-N
di TN () F K 6.6%~19.2% , i T AH SR B L G A L
NE AR ) 2.2%~2.5%"", 7] fig -5 73 W 19 NH;-N/TN 7
A TAGEAPUIEA 5. NO--N I b it 0 5 1
IO 0 5] 480 kg« hm™) i3 /il 509% , i 55 A0 X He 1 AH
BR300 {5 G N F = K B A it & A 135 kg - hm™
142 315 kg - hm ™, RV NO3—N ¥R B2 391 79.9%;
/NFE PR L DA 0 4351138 2 180,360 kg+hm™,NO:-N
MK EH 4.6 kg hm243 HHE 2 12.1.17.1 kg hm™, 1
HUiti 2801 5 NOS—N PRI £ Jd 35 1R OG5 Tl A e =2
it & 24 M 225 kg - hm ™34 % 400 kg - hm>, NO3-N i
O BB IN 53.9% F161.4%, 45 |, 165 ULt &
Y L 0~480 kg -hm™ PN, VA VR R A7 16 0k XU
AR L NOS=N fafar Jg 3 o NOs—N A Sy 32 2 UK [
T, 2 b b A LRV RRAEST — Ty 1T, NHE-N B
Sy BT SR B R AR BT E LAY NOS-N T &

T B R 5 55— 7 T, TR NHG-N 1E AHBFZ 5 il
£ NOs=N FEik i1,
3.2 BiEER R AE XK TR

Jiti & 7] 480 kg - hm™> 15 0 &, 7 W &b B
(R480) £ TE 45 A K bk ¥ 12 L AL B &b PRA 56%~73% o
Horp TN NH:=N  NO3—N Ik 5 o5 it & He B 78 CF
Ab H R 4350 R 68.0% . 8.1% . 27.0% , 1 R480 &b F Ff 43
T AR A 18.0% .3.5% .9.6% , Wi/ Ab B () Uk 75 22 5
HOAE 80,0 F SCESER R B, AR RS
M1 3E e /R 00 v, fR AR AL #T A HLAE &b TN IR 3
400 18.47 .10.55 kg - hm ™, BAVEBRAR_ AR 40 BE TN
IR 126.56.65.81 kg-hm™, FERBSEA FASE4E A
R AR A FLAE AL FE NOS—N ki & Fb Ak B 4b 3
53 AR 44.4% (43.6% 5 3 5675 SE 58 A3, AHXT T
40% A HLIE+60% FLAEAL ], 100% L AE 4L PR NOs-N
PR S 3TN 11.4% ; X7 0 SO g TR 7105
R IREATt AT 8 TCHL UM 1t LU AT S5 A HUIE TR i Ak
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PR 39%. L7 b FEnt A AR = I L T (480 kg
hm™) , VAV UM KU A AR M A 3L, 322 XU 22 5
B S R AT BB AE T — 7 I, AR SCH TR AR 29 27%
A LA, AT PR 200 5 46 52 7K ff o NHE=N, = o
NHi-N SEiMifs A NO-N [l R oo 1821 5 —
T, AR AU DL AL S A NH-N 88 NOs-N 2 3=, A% T
TRWUR ZE 5 B Sl Ak ™ A= NOs-N HE Itk
33 MEEBAEBI 240 kg-hm? Hil3E @R Z R s
B A% Ltk i XL B

1B RS 8t 3 NOS-N R R bkis ™, pe Ak
FROPIREE KU, A5, AR L& R 0 1Y 25 1
Qb PR it 2 240 kg - hm™ i R240 {3 AL BLAY TN
NH:-N NO3—N #3573 51 155 26% . 131% . 42%, Jiti
AR 480 kg hm 1Y) R480 4b ¥ TN \NH{-N \NOs =N ik
RS T 105% .479% 100%(£2) . HE, A&
SRR E D A B BT B SR TR R REAK
A5 EEHST NH =N T NO3—N 5 9l AR 1 Ac M T st 5 3k
%5, it A ) R 480 kg - hm 2 B B0 K L iS¢ R480 7
WAL FE TN (NHi-N \NO3—N ki 5 Hb JG/EY) i NP48O
b BRI 34% . 30% . 32% , A B 76 B AR 50 T 1
CK . R120 Fl1 R240 4b 35 (1) k%5 M NOS-N [~ F- 337 vk i
A3 14.9 .17.3 mg- L1 21.9 mg- L7 ARG (LR 7K
JEEEARE) (GB/T 14848—2017) g £h & F K i 2
AR 43, 13k 3 b B A A s T 2R (RA NI,
fiF IR ER &% <20 mg- L) IV ZE (AR L 7% 5 <30 mg-
L), 1 R480 &b P b %5 ¥ NO3—N ~F- 44 ¢ i 4y 33 mg -
LA VIOKORBEYE R AETE K. 25 5, BT A
IR IRV , il 280 AS EL BB 48 240 kg hm 2, it ik
#1480 kg-hm > Z )5 , BRVEYR ISR 2R, IR XURs A
FITREAR  (EATEAS 1) .
34 EEHABRENERERSER

TS AT A RO B AR A A A R
FE il 2N 120 kg - hm™ (478 B A0 HLGA B K, 3
52 T R R 480 kg - hm B A0 BB Ak 341, 22 B A %
T HErH WA I it P AR AT, 3 it FH VA VR B 8 i
YEPIA Z AR, 3 15 AH DG HE — 250, TR WO AR IRl
IKREFI/INGZE 53 3 77 9% F 16%" . IR AERLHE Tk
JE F S DR 32 A — T T, TR R A RS A
PLAS , Hor A DL AR I A B Rk, s 1)
GEM SRR TR 7y — T TR & 2R
W) BT AE R N A 3R AR R VR A R
H2 , T8 W 3 1 ] RE AR 3 246 7 A R0 (1A
. ARRSHETSAESE AR MEEA
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KPR g b 3 e VA R it
120~240 kg hm™) BEHCE ISR AR MR, 2o £ J0) AR G
AFITF AR

4 ZEig

(1) 725 ULt 20 55 Y2 [l 0~480 kg - hm™ P, ¥
TR A7 UM XU L 3% XU DL NOS =N 7 fuf o8 3
NO3—N IR 5 IR i it 22 2t 385 iy 38 K, A6 056 A 7Y
CK.R120.R240 4t #E k%5 W NO5—N V- 49k B2 AR T
R480 b HL K 64.8% .59.4% .48.2% .

(2) 7 it 288 2 FH OV A 8 Lt 20 — BOM S L
(480 kg+hm™) , VA VRVE % 20k Vs KUBSAIR AL M A 2
TE I 56 ] ) R480 Ab PR A9 ihR ¥ W NHi-N \NO;-N F-3%
e B4y KT CF AL PR 55.5% .50.9%

(3) 2 Uk I i R 6 75 R 1 30 mg - L B 455
i) N 24 e, R240 40 B 1 K75 W NOS-N -9k iy
21.9 mg- L, PRI 0 577 2000 3 XU, it S8 4 A ‘R
240 kg-hm™, Jiti & &k %) 480 kg hm™>Z Ji5 , i Tl
S R O E A, 12 RS AT BT (B A1)

(4) X F v it 20 P A S Ak 3 YR 9 1 vt 2
120 kg - hm™ B B BB W0 T SR MR TH G
(Jiti & 480 kg« hm ) WIASF] Fi A .
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