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XK S G ™ e EUIN R 2T IR T R 7K
B KA PR KERAIRCR. LR R
i FRIRIE TERR D o KA o (R S B I T AR 7 LA K
NBIEFERT R, T e R AN ] JEE A1 it A P R ] 5 56s
R 2 A AR B U EU B, BRORFRIE IR
IKBEB S Kt P AREA IR LR
RN, DU KB IR R AKHEBE K IR
AR BERL AR T

1 APRS 73

1.1 RIe#Rt

H AR E6 T 2016 4F 10 H 12 H—2017 4 4 A
13 7 VH- 0 3 10 1] 5% AR N A8 55 O A 00 5 B iy
(100°07'43"E, 25°49'59"N, 4k 1 975 m) 4T,
B K FRam RN PO IBRIT B2, &R H YA
2016 4F 10 A 12 H, FMEZER 120 Jitk/hm?,
W g A L, LIREREER
1.14 glem®, RFHFNE KZ 55.0%, AAFR H [AlFF
KA 47.2%. FHHEEEEEN 2.02 g/kg, HAF
0~20 cm 32 M % &l 2.86 g/kg, 20~40 cm 3%
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A S FRPEPOKEEN KK ™ B SR B B R

JZEBEN 117 glkg. FREAMZKELE S50k P 75
tEmh, SEEAEE . FEBKA S CRHREEBIK
JFARE) (GB 5084-2005). /K £ A1 U5 B K
% 1.

A1 BB RRE R

Tab.1 Concentration of nitrogen in irrigation water

TH7K FEFH KK

BOKEM ok, BTN WKE  REE TN/

(m® hm?) (mgL?) (m® hm?) (mg L%
20161208 52.63 6.39 52.63 159.15
20170105 368.42 1.36 368.42 173.86
20170114 473.68 3.43 473.68 84.35
20170205 368.42 1.23 610.53 90.05
20170303 52.63 6.39 52.63 159.15

Mt 1263.16 1400

1.2 R HES AR
R OFEA FREAROK B RN 2 MR, B 54
AEFE: TEKFEEB+ A EAE (CK, ZFEXED . K
WA+ ERIE (CL. HKER+EEZNL (C2).
FRPE K BEB A+ AL (RL) FNFRGE R 7K FE B+ it
AN (R2). FAMFE% 3 RES. C1 A 5E
AR P KA BB — B, RUIE S & 390
kglhm?, FBEE @ AE i) o AT ¢ FREE A CH]=2
1011 EBEEAE. C2 AbFE &4 Wit I =48
O CLALFF) 80%, R 70 W AR EN Kops AL AR
R1 AP HEAT FRIE K ERE, ATt L R2 kb3
T AL 150 kg/hm?, DUFEAETE— U0, ALt
M CLAHE 8, AHEAE. AR H
Wt E N R 2, BACHE KGR, & Ak 2T
(120 kg/hm?, P,0s). #fAE (225 kg/hm?, K.0) LA
o A ) B0 2 — 3. BRAR B I T K 2
F 4 3.25 kg/hm?, C1 AbFEFN C2 Ab3H SRt % &5
AA 393.25 kg/hm? fil 315.25 kg/hm2, R1 AbFEAT R2
Ak P PRSI B it 260 B AR 0 0 VR I R B R K 5 R
R . REKE AN X SERR AR YT, PRt A
B9 CLALH ) 44.5%. 77.6%.
A2 AR HERFHRAE
Tab.2 Nitrogen fertilizer application amount of garlic under
different treatments

SrBe, HITE 0.3 m. & 0.4 m, U FEZEHSEA
M LA 0.4 m BB IEME . W3k 3 Fon, AFRLEF
JA ) TE RN E R R FE YN 0~40 em. A5G 0 1E]
EMB0 S I I 38K 7R 8, 2 THRITR I 2 133K
73 T Z AR ) 57K 251 6006 HEK, E/K LFR
PR R K
A3 RFAFHRHSAELM B XREERE
Tab.3 Division of garlic growth stages and depth of planned

wetting layer in each stage

H 2 ] iﬁﬁﬂ TR 2
i fi/d R JElem
A (20161012—20161023) 12 0~40
YT (20161024—20170203) 103 0~40
5 EAE2E /L) (20170204—20170210) 7 0~40
AP (20170211—20170312) 30 0~40
i =5 H K (20170313—20170413) 32 0~40

i 3 DR /(g im’)
CK C1l C2 R1 R2

20161012 150.00 120.00 150.00
20161114 80.00 64.00 - -
20161208 - 80.34 64.34 9.35 8.24
20170105 - 0.50 0.50 46.03 40.55
20170114 - 1.62 1.62 25.57 22.53
20170205 - 0.45 0.45 57.59 50.73
20170303 - 80.34 64.34 37.08 32.66

st 0 393.25 315.25 175.63 304.70

FH T K F BE AL X 2H v v, ke /D XTI AR A
6 m2 (2 m>x3 m). /INX A HR A FH A7 BB T 50

1.3 JMIEIRS 7%

TRER S R] %/ DXE BRI R Fr g i 3 GERACHTD
fige 2 A0 28 0 A B R R gl 25 IR O B R A
REWRO, OHERmE. A8 R A AR e
. RS S BAGE R, B2 RN
N ZE B A ) b 2 om fRA B BY 2 B L,
R R AR BORE: B FI KAk
10 cm A7 B R, USRI /N X BEHLIZEEL 100 #R K
AACIUEZE . FREE . MR EAN TR E. B
K R B T T R B - 55 A1 0 Y 06 BE T I €
Kok Ja il e o2k 5. 2 EE, [
ISP T8 Km 3B A BT A3 S 0~20 em A 20~40 cm ¥
FER IR, PR AELIRE BIEE .
1.4 HIRAIBS 01

B KA SPSS22.0 BEAT T 250 #r, WAL
/K2R P<0.05.

5 Ak B R 7K R FH 25028 48 s g B RN IR AL )
FH# (Nitrogen recovery efficiency, REn, %) ZEk
4 7= 77 (Nitrogen partial factor productivity, PFPy,

kalkg )« #E WBE /K 4> A4 7= % (lrrigation  water
productivity, WPy, kg/m3), 5/ 151814 .
REN=(U-Ug)/Fx100%, (D
PFPN=Y/F, (2)
WP=Y/W,, (3)

A U A E X R TP A E (kg/hm?); Ug K
AT AR X R R EE (kg/hm?); F O E
(kg/hm2); Y JHR X 5 (kg/hm2); Wy g &
(m3/hm?). 0~40 cm +ZL3E L% =N 0~20 cm F1
20~40 cm L2 HIEAEENTIME, HIEaENE
ORGSR AT S R I 2 .
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2 ZBERE5 5

21 FERETAREBEKFFERTE
211 A A K45

AN F A B K R 5 A B A AR T R R AR
BRZEH . HHRAFES (LAD W3R 4, SEKI8HRM
1T 3 5 25 1K 35 G N A . R4 R
W], BRRTRERIN CL A&, M C1 4L,
THKIRE C2 AbPRFNFRIA I K BE+iE 5 R2 Ab B
TREZESR, CLAFISRL A, R1AMEE KA HFk
THRES CK LREZER; e fEZ2M0 CL 4
PR, MFEACK) C1 AbFE., C2 4. R2 AbFHE
AT ALK R AR CK, R1AHEE CK L&
EZES, M CL AR, JE/KBGE C2 A AIFRE K
IKFEBE+E I R2 AbHE Ak VB A = A B
SO, LAI {ERIN R2 AP, C1 Ab#>C2 4b
FI>R1 4bFESCK, AL C1 AbHE, JE/KIRE C2 AbEE
FIFEFE R A+ A HERNE RL ACHLE PR T LAI
B, ZEZE T W AR, IR K KB+ iEE AL R2
AbFRLRRE Tk IR A

TEG G W-sr B K, kT E RN
Cl Mg, FRIAPE/KER+%EE R2 485 C1
WFRTCIR E 22 R, IE/KIRA C2 AL AN FRAE K HE Bk
+ANiEAE RL AR AT R EE/NT CL &k
#, BEKT CK; M\ R2 4R K, R1 4b#,
R2 4Py C1 ¥ LR 2R, C2 AHY5 C1 At
TREER, HEEKT R2 4, BE&T CK;
RN R2 AL, R240FES C1 AT
E¥EF, C2AHAM R1AHYBE/NT CLAM, &
# KT CK; LAl i R2 4b#ifflt, C1 4b¥E. R1 4b
Hz, C2 AbH>CK; R2 ALFEAN R1 AbFRAIRE
LAl {E3G0E 535 KT CL AR, C2 bBE, Zh 4 A
Ktabr, FRUEHR KB+ EAE R2 AbBE R mid Kix
i, ¥EET C1L A AR KT,

P ZERE KA, FART =R I R2 A # AR,
R2 4b# 5 C1 A TEE#EHZR, RL AHEAM C2 4b#
BENT CL &b, BFEKT CK; HhmRIMA R2
AEERERAL, R1 ACBE. C1 AbPHERZ, C2 4bPESCK;
BRI R2 A H AR, R2 ALY CL AT
FHES, RLAFEAM C2 M EE /N CLAHE, T
KT CK; LAMERIN R2 AbFEFAR, C1 A, R1
WFERZ, C2 MFESCK. %4 4 WidKigks, 775
JR/KHEE+E AL R2 AHEUEF] T CL AH A KK
-, FREEKEEME+ AN EE R1 AbER IR S AN LAI
HIAR] T CL B MAKIKT, TiEKkE C2 kb
Bk kF] C1AbFR i A K KT
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k4 FRAEKGFE LT MO EHRTRE, il
'f?ig*ﬂ_\ “"'IE#RJ}E‘;F{(
Tab.4 Plant dry weight, plant height, stem diameter and leaf area

index at different growth stages of garlic under different treatments

sip g JODAT  GADAT - 140DAT 181DAT

D GGhED  GREMKED (R
CK  0.68b 1.11b 7.73¢ 9.57¢
‘ Ccl1  07% 1.82a 12.94a 16.48a
;;g g G2 077 1.73a 9.24b 12.01b
Rl  0.70b 1.52b 10.66b 13.66b
R2  0.75a 167a 12.56a 16.94a
CK 23350  39.30b 55.12¢ 62.61d
. cl 283 463la 67.09ab 89.25b
H;f}” C2 27292  4416a 63.24b 82.34c
Rl 24000  4054b 67.54ab 90.86b
R2 2871a 4518 83.11a 103.67a
CK  053b 0.54b 0.82¢ 1.10¢
. Cl 06la 0.63a 1.38a 1.90a
ﬁfjﬁ/ C2  060a 0.6la 1.27h 1.78b
Rl 053b 0.54b 1.25b 1.69b
R2  06la 0.63a 1.38a 1.99a
CK  0.38¢ 0.49d 1.36d 1.49d
c1 055 0.98a 2.63b 3.35b
”;Eg(’u\ C2  046b 0.75b 2.22¢ 2.78¢
Rt o030c 0.58¢ 2.58b 3.22b
R2  056a 10la 4.78a 5.59

V£ DAT NFERTE (d): FFVEHR G A RS 5 BER R R — i [R]A ]
AER A B E S (P<0.05), R,
212 %

F 5 AN FELLBR G E 2L 5 K2, MK S
A[%0, Cl. C2. R1. R2 AbFRgE=Er=gAHH CK 45
P 111.30%. 81.23%-. 98.19%. 142.01%. C1.
C2. R1. R2 Wb¥ s~ EAHE CK 2l & &
17.66%. 12.62%. 18.34%. 22.17%. C1. C2. R1.
R2 Ab PR L5 /K HAE 65% LK, MF CK 253 s
5.42%. 6.13%. 6.67%. 5.11%, 74 /&K EEW AT K
R 25 A KRB /N o i SRR TR P A 2
IKE R EET CK, MR LR S ER.

k5 RRIAEK#HZFhsk i kE

Tab.5 Garlic yield and bulb water content under different treatments

()57 2:)/(t hm2) ()57 &2:)/(t hm2) EIKFEI%
CK 14.33b 0.73b 61.81b
C1 30.28a 0.86a 65.16a
Cc2 25.97a 0.82a 65.60a
R1 28.40a 0.86a 65.93a
R2 34.68a 0.89a 64.97a

2.2 FEE T KK AR ARE
221 KRFRAE

* 6 NAFEMIERFFEEAR % E, HE 6 1
&1, Cl. C2. R1. R2 Ab¥ KI5 & CK 5242
5 247.49%. 198.56%. 280.49%. 369.00%. &-4bFH
AN [FRAL T4 i B ¥ o i 25> 28 > FR e, i =e
5 76%~82%, ZEM Y 17%~23%, ik 1%~2%.
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A S FRPEPOKEEN KK ™ B SR B B R

AL FE R 2L A RO R2 AbHEESRL AbHESCL Ak
H>C2 Ab#E>CK, C2 4Hl5 C1 TR EES,

Cl. C2. R1. R2 &P HyEEZE il &8 ES CKAHEL
BFERE 89.18%. 77.09%. 111.46%. 128.60%. %
A B[R] 5B A PR B 1 R ) A wn AR, FRAE IR
KEEMEA R1. R2 WM FmERMSTAEREST

TEKHEBRL C1. C2 AbFE, FRFAR/KEEMAL (R1.
R2 Ab3), BN & 82L& R R K & &
REH A, ZEMEBESEAREHRAEE; BK
EWAH (Cl. C2. CK 4b¥), EMEREEENT
%25, M EACH A S AR EE ST CK, Hit
R (MR ER .

£ 6 RRAEKHSERARE

Tab.6 Nitrogen absorption of different parts of garlic under different treatments

e T4 )5 &/ (t hm2) AL EE BN kgt W
- fi 2% Fy B ik 2% Fr 2t (kg hm2)
CK 5.55Ab 0.138Bb 1.25Bb 10.91Bd 10.20Bc 13.69Ab 78.31c
C1 10.57Aab 0.163Ba 2.28Ba 20.64Bc 17.33Cb 23.05Aa 272.12ab
C2 8.97Aab 0.156Ca 2.60Ba 19.32Bc 17.93Bb 21.89Aa 233.80b
R1 9.75Aab 0.164Ca 2.91Ba 23.07Ab 19.48Ba 23.01Aa 297.96ab
R2 11.97Aa 0.169Ca 2.79Ba 24.94Aa 20.72Ba 23.37Aa 367.27a
VE ARFK ON BERRRAFEM D mfEEEZR (P<0.05).
2.2.2 KK EAF Bz E 14 LR em: B 0~20
— - — a 20~40
AR B RO FIRCRI A% (RED. RIE 812 5 -0
fRAEFE S (PFPN). HEWEAKAMEF=2% (WP Wk 7. & !
o 0.8
C2. R1. R2 ib¥EM) RENZ I EL C1 AbEEHE = 0.08%- ﬁ 05
154719 92.25%, U RL ALHxEREH, FHE =,
,»:] "
KEWE RS T B BRI R % . C2. R1. R2 *i'% 0.2
AbER] PFPN 437l B C1 Ab3E$R S 7.01%. 110.75% 0

F1 47.63%, X Rl /bFEZEREZE. C2. Rl R2 &
H WP 5 C1 Ab3AH LA AR 4643 53l -15.25%
-29.19%F1 2.34%, HELEFE %EHF. Cl. C2. R1,
R2 AL P () WP 14422 5 T CK.
% 7 RRAIZE KFH KRR R E
Tab.7 Water and nitrogen use indexes of garlic under

different treatments

phgi REN/% PFPw/(kg kg™) WP//(kg m®)
CK - - 10.15b
C1 49.28b 77.01b 24.3%
C2 49.32b 82.41b 20.67a
R1 125.52a 162.30a 17.27a
R2 94.74ab 113.69ab 24.96a
223 LRERELR

AN [F) Ab B AE R i T S 3 S T S G A
1o BALFY R 20~40 cm 2 M EEF R E K
T 0~20 cm L2, HZELIBAEMMEEECR. C2,
R1. R2 4b# 0~40 cm L2 HIELRCTF I ELL CL
AL FRy B B#AK 63.40%. 9.25%. 3.89%, 1Y C2 4bEH
ZR . Rl. R2 AHAE 0~20 cm 2 HIE LA
PR EE ST CL A, 43ilitE 170.90%F
255.93%, f1E 20~40 cm +ZE (AR T EY
KT CLALEE, 737 FFAK 36.10%F1 42.49%.

C1

OARK O SEERRAREE B WP REEZER
(P<0.05).
Bl R LEE RFHEE
Fig.1 Average increment of soil nitrogen content under
different treatments

31T g
KA TR, FRIHE K HERERE e i KA R K,

PRI AR TR PR, B2, LAI R
PR, FRAH IR K EB AT it P IR (e A R T
Uf. BB IR R AL 20% )5, FRE KK
WS FRY T R /R VB TR o TR, TR AR 40%
AL FR L= i B R PR AR . AR IR R K E L RE B
RIEMAEKRE, BARREE S LI KK BN
FfE, BT E R HARR, R2 AbH A KR
B BRI T R AT, R KGR E
ARKEEMFRZAEFIHKRE B B,
TERI T K E B BT, Bk ATl 2 K FR40 1 1
TR, BEATLHTEN TR, FRHEEKEBRH (R &
AN R2 A0 TERTIATRHE M AR IR > TG /K HE
WA (CLALFRFD C2 hbFE), RIAH it &AL 9%
PR K HERRALEE (R2 MbEE) KRR KR53/ 7K
VERA O ZE 5, T A it 25N P 97 B 7K R T8k Ak
B O(RL 43D RAEKRGEZE. Hk, Mt — @
0 EUIEE S KRR A B T II R R IR T B B

19
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KB KGNS, [, EHMAETIRGRK. BFE
RAFEDE, WaxAKREER—EEm, H
WG E S s S FH o SRR B S B 5 LI 2 B L A .
3 F 58 2 W A 3 ISk ) SR IR K HE I AT 38 I VE 1
PR, R EWE R R I — e BRI I A F A
G, B REAR. R SEE oo, Rur s
FRE R A EWE A s KR H i R L, — TR
FRHE R K )8 TR A i KR B 1) IR RRAR
B, 53— TJ7 T W] e BT IR IR K B — YR BRI [R]
N 64DAT, N T2, A H v IR R
BUBURII P B . 722 BB ) IR R K HEE 4L (R1
ARERRT R2 AbER), KgrAdKiEts CAbkTHE. %
m~ A LAL D B 7K FE W 8 & 008 Ab 21
(C2 4b¥E) 4f, [FIN Sif/KEM RS IELTE (CL
AEERY 72 FRIRIN, A BA IR G R K AR 98D it
(Rl o] — e AR FARERFEAERKKE, AERK
AR A SRR, — T DR D 7 5 K 7K TR
I R B3 &, 59— 9 T 97 B8 R K R A
Kissfetlt TRR MM HARFR 5. R ALBEF R2 4b
HAHLL CL AbHEEARWA T &, (HILEEEr~&
AT AA ., H 5 R2 /B R EE T C1 At
B, RBAFRGE IR KR N 7 — 58 Y Bl N 1 Rt U
AT DA R mR R = R 3G 7, X 5 a7 A 7t 45 R A
Fra Rz, fERIS MR AE N, R ALBEHHFRAA
SR K EB AN ISR LN CL ALBEIK) 44.5%, AR
RS RN BRI FOK AR B (CL &b
O e, PR EMEAE (W R2 43D, T
BTG &,

AHFFR A, FRPE R K HERE T K aR R & A
B IR A B AR, BSOS TS KA, BT
ORI 26 BRI A 72 J1R0E K HEWRH 2 42
At AR FRFE R K AR B (R 403D IEYIA
REMSCRI 2 BRI AE P s, XS5 EAEA
g AL, FREA K HEE (R AbBEFD R2 AbFH)
() B IRSCRI 2 = Tl /K EE (CL AbEEAT C2 4t
HD, Uk B FRIE R KA B T O sRAE RO BUER
W, SR BRERRI . IR C2 A3 AH
C1l AP RN SOR 2 T B 22 5, T B I 24 0k
/U it 80 B AN 2 Al R R U R IR AR FH 3 SR K R
C2 ib¥ . R1 A FIHEBEAK /A= 2% (WP) KT
Cl 4b¥, 1Y R2 k:FEH) WP =T C1 AbH, C2 4b#
IR AE WP PRI, T RL AbEER) WP BRI
DRI Dl VREBE 7K B R N, 7 5 R KA DA M — R R K IR
M ARBATIHKRERENT, VEWAE K TR 20 2 1K
T, R2 AbBRTERG I /K 5 1 [R] A 4 7= WPy %
AR, BT DMUGHEAT FRAE R K = B E WP, R

20

G WPy PR B AT S Bl DA — 5 [ I3 /B4 = &=,
1A 7 6 G R K = (3G I, AT AR B8 S B 15 L HE AT
B FRUEIR K B e . FRPAIR KR4 (R1 Kb
HA R2 4HD 1 HIREARCTEE (0~40 cm)
BT ClL abEiEA—5, H ClL hHEKE T
(20~40 cm) B EUEMESE, MERE (0~20 cm) 1
WEMRADN, WHRKZHEARBARIRE LT, F7HE
JEKBEBAA R IR EME LR EZR, RL A&
RN R2 AbBEAIRJZ L3 (20~40 cm) R E IR
T C1 A3, MEZIGIEEE ST CL AR, WA
RHRZRED, AEZHNEARF T IRFERE,
— T B T IR R, 5 — A THIm T R E 1
RE 7. BT A I 2 ROE K RO R i i K 2
PR WEAE s i b i 2 BT RS, T R
KT G RS o FREE K E R KA . AR
WA H R R B RS S Rl — R A

4 25 i

1) FRFE R K EEREN Kas A KR B E 1L EM,
IR R AR SR RO R, AR AR B
T FIA R 5 KR E AN EE CL Ab3/KFAH
AR EAR . FREIE AKEEE+ AR R b3
TEBARI R KT N ik 3] C1 AbHKE A Kdgbr, 75
VAR 7K HE I+ P RUIE AL T R2 K KB PRt

2) FRFAPE K HEWERT K57 8 A R i
RE A% 75 B /K P T ik 3 5 2288 i e P /K e 7 2
AbFE CL ARHE/K T I7= B . FREE IR K FE I+t FH 2201
R2 AhFRF KGR e, CLACHE. C2 Ab#H. R1 &b
. OR2 AbFEEEZEES CK ML, 58 ERE
111.30%. 81.23%. 98.19%. 142.01%.

3) FREAIEKHEMEAE bR P K B B AR EE CL b
PR T ORFR R R U RSO 28 0 U8 e A=
707, BRAK T HEB K A5 . CLAREE . R1ALEEAN
R2 AbFE R FM R AR CK 437 BB 247.49%.
280.49%Fl1 369.00%, R1 AbFEFN R2 K AL SR
AR5 C1 AL & 154.71%. 92.25%, ZUIEM
A= T340 I CL ARERSE S 110.75%F1 47.63%, L
IKAF AR E G C1 AL FEAR EEAR NS 2840 73 51l 9-29.19%
2.34%, TR ECT A R L CL AR R 9.25%.
3.89%.

(EH BAALRRIRRBAFZFR)

SE K-
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irrigation was conducted experimentally with the dripping rate ranging from 0.9 to 3.2 L/h. The measured data were
used to calibrate the HDYDRUS-2D model. [Result] The HDYDRUS-2D model can accurately simulate water

flow in all soils under membrane regulated irrigation, with the relative errors less than 5%, the coefficient of

determination and root mean square deviation being 0.97 and 0.007, respectively. The sandy soil was prone to
leakage due to its elaborated hydraulic conductivity. In the membrane-regulated irrigation, adjusting the flow rate in
the drip irrigation pipe was needed to improve irrigation efficiency in different soils. On average, the membrane-
regulated irrigation worked well for all three soil types. At the end of the irrigation, the ratio of the water on the
membrane to the total irrigation amount was more than 70% in all soils, indicating a reduction in water leakage loss.
As the dripping rate increased, the proportion of water on the film in the loam soil decreased gradually; the dripping
rate in irrigation for this soil should be controlled below a critical value. In the sandy soil, it was required to adjust
the buried depth of the drip irrigation pipes to reduce leakage loss. The optimal dripping rate for the sandy clay loam
soil and the loam soil was 2 L/h. As the flow rate increased, there was no significant change in the proportion of
water on the membrane in the silt soil; the optimal dripping rate for the silt soil was 3 L/h. [Conclusion] Our
experimental and numerical studies showed the optimal dripping rate for the membrane - regulated surface drip
irrigation was 2 L/h for the sandy clay loam soil and the loam soil, and 3 L/h for the silt soil.
Key words: soil types; membrane-regulated irrigation; water transport; HYDRUS-2D model
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Effects of livestock wastewater irrigation on growth, yield, and water and
nitrogen use efficiency of garlic
XIANG Meng', LI Ying'?, HAN Huanhao®, CHEN Manyu', LIAO Bin', CUI Yuanlai'"
(1. State Key Laboratory of Water Resources and Hydropower Engineering Science, Wuhan University, Wuhan 430072, China;
2. China Construction Third Bureau Green Industry Investment Co., Ltd, Wuhan 430056, China;
3. Faculty of Agriculture and Food, Kunming University of Science and Technology, Kunming 650500, China)

Abstract: [Objective] Garlic is a cash crop in Dali, but its irrigation with livestock wastewater risks environmental
pollution. This paper studies the combined effect of livestock wastewater irrigation and nitrogen fertilization on
growth, yield, water and nitrogen utilization efficiency of garlic, as well as soil nitrogen in attempts to screen a
sustainable livestock wastewater irrigation schedule for garlic production in this region. [Method] The experiment
was conducted at the National Agricultural Environmental Dali Observation and Experimental Station. There were
five treatments: freshwater irrigation without nitrogen application (CK), freshwater irrigation with 390 kg/hm® of
nitrogen application (C1), freshwater irrigation with 312 kg/hm” of nitrogen application (C2), livestock wastewater
irrigation without nitrogen application (R1), livestock wastewater irrigation with 150 kg/hm” of nitrogen application
(R2). In each treatment, we measured the growth indexes, including dry weight, height, stem diameter and leaf area
index of the garlic at different growing stages, as well as yield, and water and nitrogen use efficiency of the garlic
and soil nitrogen content. [Result] The growth of the garlic was the best in R2, but was comparable with that in R1
and Cl; R2 gave the highest yield. Compared to CK, CI, C2, R1 and R2 increased the bulb yield by 111.30%,
81.23%, 98.19%, and 142.01%, respectively. The nitrogen absorption and use efficiency of R1 and R2 was 154.71%
and 92.25% higher than that of C1, respectively; the nitrogen partial factor productivity of R1 and R2 was 110.75%
and 47.63% higher than that of C1, respectively. Compared to C1, R1 reduced the irrigation water productivity and
soil nitrogen in the 0-40 cm of soil layer by 29.19%, while R2 increased the irrigation water productivity by 2.34%
and reduced soil nitrogen in the 0-40 cm of soil by 3.89%, respectively. Compared to C1, R1 and R2 increased
nitrogen in the 0-20 cm of soil layer by 170.90% and 255.93% respectively. [Conclusion] Livestock wastewater
irrigation combined with appropriate base nitrogen fertilization can sustain garlic growth and yield. Livestock
wastewater irrigation improved the nitrogen use efficiency and nitrogen partial factor productivity, with limited
effect on average soil total nitrogen.
Key words: livestock wastewater; irrigation; garlic; production; water and nitrogen use efficiency
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