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Abstract: As an alternative water sources, piggery wastewater has attracted more and more attention.
Study on piggery wastewater irrigation technology is essential for alleviating agricultural water resource
deficit, reducing nitrogen fertilization and protecting eco-environment. Based on a field irrigation
experiment in reinforced concrete lysimeters, the effects of piggery wastewater and clean water (equal
nitrogen inputs) irrigation on soil NH, -N and NO, -N variations in time and profiles were studied. The
inputs and outputs of nitrogen and the amount of nitrogen mineralization of different treatments were
analyzed according to the principle of nitrogen balance. The results showed that the changes of soil
ammonium nitrogen with time showed a similar trend to nitrate nitrogen, which had a peak in top-dressing
stage at first, and then decreased. Ammonium nitrogen content was decreased with the increase of soil
depth, but there was no significant difference in nitrate nitrogen. It can be easily leached and
accumulated. Ammonium nitrogen and nitrate nitrogen were slightly decreased in PWH ( piggery
wastewater with high nitrogen ) treatment after top-dressing stage, while the decrease range was more
sharply in CKH ( clean water and high nitrogen ) treatment. PWH treatment was beneficial to the
mineralization of organic nitrogen, and crop nitrogen uptake, nitrogen mineralization and nitrate nitrogen

leaching amount in PWH treatment were higher than those in CKH treatment with values of 6.91% ,
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21.29% and 11. 82% , respectively.

Key words: piggery wastewater; irrigation; ammonium nitrogen; nitrate nitrogen; nitrogen balance;

nitrogen mineralization

5]

IR AL A 77 R AE W A K R o R
2T B K B R 2 S A AR B T L BE % 2 5
T TR, Tl R K R Y B o K e il
FF ™ 5, V8 22 M X 3L RE T TS K o 4 R Hb R 7K ok
PEATHEME D L Hoep ¥ K AR R RO T BB 58
R REH KR

TR ANE BRI, — 7, 1 T & A8
B R R R R SRR, T R
Sy R A R T G 5 4%, 4 AR A A
SIS 5 — 7 T, U0 AN 2 b B R AT Ak
L E 45 5 3 b S R R IR 2R BT e v
A8 R VR R K R G ke B, 15 e PR
[l A 41 5 T 55 B0 /K R AL T 7 T 0 B e AR
H T 35 B K T T X A0 2 K R R S T x
T KRG RME SR AN R R
w0 Xk M A AR R R S

RERM N EENAEGTE, MY THENRA
50% ~80% K H T A3, (H, -9/ Z R
Gy LA BLAS TR S A7 A, T AL R 45 W e ) 1 2
SRR EEAILA . KA ARA
TE - 38 3 AR W 04 R B AL o RS A g
WAL, X — 5 AR S R AL, e
e S L RRE Sy o RSN T
P K I T LA 3 2 A e B R
TR VR R P A LA R B B
T BT 72 1 2 W1, 5% 420 1 /K R 9 P A K, RO o
B B ST R R, I I v M A R
B, PET R 0 E U R4 . SR, E R
T8 59 B K HE W A5 R L 2 1 I 2 A A B A
AiE BB FEM 0, HLRUET 1k 05 0 09 BF 59 36 B2 L3 A s
Fil e F o T, A Sk R AR L R R 1
ST G, F A M b B B A 0 &, RS 1 Ji]
BRI T 58470 1 7K T e 25 RS A5 R A AR
B 25 6] 1 (978 AR AE , 308 3 R K 5 46 A
35 7K I A B AR EL U A % A 25 S
AE 38 3 580728 50, B T DR 25 F 45 40 BE A R
et , LU O 2 4 i s R B S K 38 8 K A A
R T B35 L TR 35 e 4 R 2 0, A o 3 A R
ek Rk % S B 2020 4R K H AR R LB 4E 5
GIEFE NS

il

1 #R5EFE

1.1 RIEHH

FH [ 32 36 AE T [ Al B 27 e Tl i B & Aol K 4
IRBE T A RE 2 000 K 56 3 b v 32 35 A1 0 45T P E
17,2 X b BT B b4 35°19" (AR 4 113°537 ) ifg
W 73.2 m, ZAEEHS I 14.1C, B 210 d, H
HE ISP 50 2 398. 8 h, Z24F -1 & K & 588. 8 mm ( F 7K
ESMOKAER A2 3 ~4 %) ,7—9 ARk b4
ERE K B T0% KA, £ AFE ¥R K &
2000 mm, HERE N E EK L/NERERR,
I [ 2013 4EJF 4G 2 2015 4E IR (& /N & T EAE
2013 4% 10 H A #EFP, AR 6 H AUk, B £ oKk &
AE 6 AR A, 24E 10 Hp Uik ) o BT, LUEAS
TR R N G, # R SR AR 4 R FE 0 ~ 20 em
20 ~40 ¢m 40 ~60 ¢cm .60 ~80 cm 4 JZ 1 4¢, Xt 1 15
(A TRAL PR HEAT I 22 (R 1) o AR SCEE R IR T
2014 4 10 H—2015 4 6 H 4c/NE 50 (5 Fhoh %
7 18,2014 410 H 10 HHEFP,2015 426 H 15 HIHR) .
W KA B 2 BB BOl A BR A R, A A R
RUGIUAE W IR A8 R e A B R 458, i T /K O 4 3 S K
T I W70 A B K, R COD S il 3 57 03 &
R RS A E AR B B SRR . K pH {E
PR, 5 A BE B (R 2) , R K P Hi A R LU R
(0.36 ~0.40 pg/L) .+ (2.93 ~3.38 pe/L) K45
2(3.86 ~4.07 pg/L) Jy 3, Cd(0.011 ~0.014 mg/L) .
Ph(0.018 ~0.071 mg/L) &t #AK . HEWEFT 5 H /K 4%
He B HEA IR A o

IR BT 2 R K BT (282 b B 3 0K K
NG K ) B IR K BB 2 Fhovk BE PWH (5t W B
1/5) \PWL(JER AR B 1/10) 5 45 R HE K I, 3 7K %) AR
Qb 3T 1 3B e 55 4 7 1 K A5 R ) BUIE CKHCKL;
TEK 2 WS 3, R HE K Ty 2k e HE K E A
900 m*/hm” | BE/K BRI 1 e 3R B K (3 H8 H) (&
WK (4 15 H) . JRAES BRI 15, /e
TEAGRIIE A 75 kg/hm® (AAE%GT) , o R 4t e St
291 kg/hm” IR 41t & 331183 kg/hm” 5 # HRHE Ky
AR — B M R ISR — K P il A 150 kg/hm® (P, 0
78 kg/hm® \K,0 51 kg/hm®) . 4% I [A) 45 B 4% — it
PP T ANRI AR 4 SR AR B E R 3R,
12 AP, RIS L3 3, RIS A AL M T
7 1, 2013—2015 455 X K &= LI 1,



264 & ol HLOM ¥ R 20174
F1 AW HEERBUER
Tab.1 Basic properties of soil before test
IR R/ i HE/ BALEE/ HHURA R (kg ") LEFR L, ABREL/ AU b
cm (grem ™) % ik U2 A R (g-kg™") (gkg™) (g-kg™")
0~20 8.95 1.42 46. 42 157.77 478.97 363. 26 0.50 0.70 15.43
20 ~40 9.15 1.28 51.70 177.50 372.95 449.55 0.27 0.43 8.12
40 ~60 9.32 1.54 41. 89 276. 10 470. 80 253.10 0.20 0.37 10. 81
60 ~ 80 9.31 1.47 46. 42 276. 10 470. 80 363. 26 0.24 0.36 9.24
x2 EBRAKKRES
Tab.2 Composition of irrigation water
. MSEREWRE, ASEATERE/, 2AREKRE,  SEERERE/ SRR K . SR/
K B pH i1
(mg-L7") (mg-L™") (mg-L™") (mg-L™") B/ (g-L7h) (g-L7")
WK 1.70 ~ 1. 81 0.89 ~0.95 3.85~4.26 2.88 ~3.05 7.86 ~7.92 7.52 ~7.58 1.60 ~1.67
IR 7K 1.03 ~3.05 600 ~ 850 651.23 ~890.03  3.25~11.15 639 ~ 652 6.35~6.51  9.14~9.57
F£3 ZNERAWEIT
Tab.3 Experiment design of winter wheat
S i = Ak FR 4 ALK BT IK WK B E 5 K
PWH JEHR B 175 K FRIAIK K IR K T 7K
PWL JEHR R R 1/10 ERIN FEI K FRIH K K K
CKH 5 PWH A #%A K K K i K
CKL 5 PWL A A HK K HK K
1 : PW g Piggery wastewater 45 , CK g 5 7K % BR; H K78 @ AU 3L, T R AR A Ab 3
2501 R TR J5 PR T B B3 T B 5 B
_ 20 Ja FHRLOT ¥ COLIR IR I 28 -2 1 e 1) T 5 ik 5
< 1501 Sk T TR R
& 100] AT L FR D R K R E B
= | | | || TR RSS54RI 5
0 ;Ic'n,lu‘n,l.\ i'_l _'Ir'ﬁ ul s _! Hr I J_ y 5I1' PifE) 5 s pH {E{ﬂ" | & :pH H‘Eﬁﬁi{i(PHBJ —260 7
I8 o 3, 15 0,01 ) A AL
Socococococoocoooooo
“‘”””””””T{;&f'””””””” A T R A AN AT < A AR £
B 1 R A (2013—2015 48 ) H K& Wah 7 M1 A ¥ (Auto Analyzer 3 %Y, ff BRAN
Fig.1 Monthly precipitation amount during experiment

period of 2013—2015
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Fig.2 Changes of NH, -N content in soil profile of each treatment at different growth stages in 2015
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N T Ak LA i) = )2 i 285 280 i o ) A Ak R L 5
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SERGRE3IH 10 H 4 H 16 HASL B 2 Mk
e X FFESE T3 H 8 H.4 H 15 H ABKBEIE
Hrs, BAEFEHN, &L 0 ~20 em RS
SRS I DA U 0 O T, SN RN M TR A gy
fi,5 H 8 HRIWESR IS , i 248 A & = A1k & ¥ 7
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20 em PAF 42 BAHAS A5 ik Bl s R] A2 £k B A AN 1]
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TRV KUK, 3X AT RE & Y T 3 R K AL B RE 5 1L
BEH T IEAPAIE (K 4) . BT K & FH AL
0~20 cm +IEMSRA ST EAE 17.30 ~176.06 mg/kg
Z 0] Tf K B AL 0 ~20 em HIERS S A S
TE 11.94 ~ 184. 15 mg/kg Z ], %% 37 8 W A A& Ak 3
TS A A AL 14.26 ~61. 95 mg/kg Z[A], i K
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Fig.3 Changes of NO, -N content in soil profile of each treatment at different growth stages in 2015

R4 ZNEBENEFTYPNT RETE

Tab.4 Nitrogen balance during whole wheat growth season kg/hm’
e it 2R R A o = WA 48 Rk R A AW Z 2k A
(0 ~20 cm) (0 ~530 cm) (0 ~80 cm) (80 ~530 cm)
PWH 291 218.35 +10. 52 269.57 +10. 28" 240. 66 +11.58" 163.85 +9.17° 164.73 +14. 37
CKH 291 221.65 +11.07° 252.14 +9. 43" 249.79 £17.91* 146.53 +11.36" 135.81 +10. 16"
PWL 183 214.91 +12.18* 212.46 £7.36° 196.02 +13. 14° 78.74 £7.06° 89.31 +9.04°
CKL 183 204.95 +12. 36" 223.28 +15.16° 196.36 £9.17°¢ 66.41 +6.371 98.09 £11.12°

L < [ S B 5 A [l /NG 57 B 32 7R Ak B i) 22 59 P 1 %5 (LSD i, P <0.05)
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R B LR INOR S T RER S A EE T K
MR AL B, 37 TR /K Ak B 4 8 1 25 R0 T R R A
XL/ X2 i Tz A B B IR (3 10 H 4
J 16 H) , H KRB, Gl 25 % T ko 8 A
XFGENG o MO B K BT AT R B R A Rk
RIS OK LT, 25 B+ SR K g R i e
— B 2R IR AR R IR Z . 2015 4R S
HAOy PA S, 4% 4k B (T 2 3 K 4 I8 4k B CKH
CKL) T3 il 25 20 &% & B 4 J2 R 2 3% 0 2 2 i b 7
M, WK 3 Fros,s A 8 HEYIE K m A4l H
TS A S R KRB ML B 40 ~ 60 cm [0 ~
20 cm .60 ~80 cm 20 ~40 ecm )2, 6 A 10 HEF /K
X HRAR B CKH | CKL S 45 505 1t RBI/N R B
9 :60 ~80 ¢m 20 ~ 40 ¢m .40 ~60 cm .0 ~20 cm +
JZ Xk T 2015 4F 5—6 F Bk RGO, A S A
A By i 5 0 A5 AN 5 W S M A I R i K )
TR R, B, 1 e RIS R AR B AT
HK N Y & PRIz 5, BG4 P 7 0T 1, LA i
BRI B R K T TS G
2.2 AEALEMIBERFEHERETLENZN

KRG R AR S R = EHERN . A
iy A A A A B S TCALE A AL 3 I, T
S LS A M N Bk B I BIL SRR R A LA
33520 by S S AR T R AR R LR
TR AMERMIRZ MR, A HE B R = b
TARAR o 5% A5 06 26 22 MG /N R 45 3 aod by A
S R A R i e B B b A T
FLE A 3 5 HE R AE 0. 089 ~ 2. 016 kg/hm® 2
], A J6 1 J5t A HLJC AL AC A I it A 20 + 21 4% Kk
AEBRBUREAE 2.5 ~ 3.8 kg/hm” Z [8], 7 L, 6041k %t
TR (U ) 1 TR L B/ T AL
HRR] 4 SRR 2E 5 0 T T 45 W LT AT 2L 220
it

M 4 ATA,6 J1 10 H & /N2 WAk ), & 4k 7
TER b 7 m R TR A AR A = T
212. 46 ~269. 57 kg/hm’ Z [a] , Wz & & B K B /MK K
4 :PWH CKH ,CKL . PWL, AN [a] 7t ZUK 5644 T, i
R AL PR (s A 291 kg/hm® ) PWH .CKH % & K T
IR 41 b F (i 0 183 kg/hm® ) PWL  CKL, 45 % 4%
A% K PWH 4031 5 7% 7K CKH 4 JAH 1, 1
Yy R R 6. 91% i 4 B AL 3 3 1% K
PWL Zb#E 535 7K CKL A FRAR LY 22 A i 2 . 140k
RS (0 ~80 cm) g 196. 02 ~249.79 kg/hm® , 1~
[ri) &b 5% BR 2R 2 ARt il KB /MK Ry CKH L PWH
CKL . PWL, A [f] jifi & K F & 41, i A 4 4k 3
PWH CKH & # K TLA 44 ¥ PWL CKL, 5 A %

AW Kk PWH 43 535 7K CKH b PEAE L, 1
AR B B EAR T 3.79% , 1 & A AL AR
Yk oK PWL 4b # 5 3% 7K CKL 4k #EAH 1 22 5 AN B
Fo HHMEARIRIZ RBUE (80 ~530 cm) 7£ 66. 41 ~
163. 85 kg/hm® Z [A] , A [ &b B i K £ /N K K K
PWH CKH \PWL CKL, & 4b BE S A 75 W E M2 R
ANTE) il BK O SN HE  K s AL P PWH il
SRWZEZ R W E & AL B PWL 108.09%
K E A CKH A FEAS S AR )2 B 3 w5 K
A CKL 4bFH 120. 64 % , 3 156 B Fifi %5 it 20 5t 09 35
AR V2R = BE 2 35, i EL Ak IE A oK it FH o
BHRERZWHWIZME . 5 H5 A5 IE K
PWH 4b 3 5357k CKH 4 #EAH tb, + 58 8 A IR )2
FER R E Wl 11.82% , 55 A AWM KK
PWL 4b #5357k CKL 4L BEAR L, HIERSARE R
iR Em il 18.57% .

FE U A 7 T4 A B Bk a0 R AR ¢ il 2R
J5 1, B a4l PWH Fl CKH K F it & 41 CKL Al
PWL BERIPI i A C B &2 5 LIRA T bl
89.31 ~ 164. 73 kg/hm”, A [a) &b B + 3 0" b 5 H
KENIMEIK A : PWH (CKH ,CKL [PWL, A [ jifi 7K
TR, AL FE PWH  CKH + A5 1k &
R LA PWL CKL, 3% 36 B & K 1 1k 2 b
E= R ITE Wi OB ITTTR: ) | K N OE 377079 9
PWH 4b 3 5357k CKH 40 #AH I, LA T fb i
FEil 21.29% ARV R S m i 6.91% , IR E
WOk RS T 11.82% 5 & A A B KK
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