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PRV R R A 15— B IRIE R 83 0 ok
I, AR AT UAN T G HE A0 4 500 69 445 38 i
JRE Tt L 36 aE JFG A B0 A SRR AR P B A o B PR B K
B2, DAA 0t UAN SRR SR

1 #MR5FE

L1 e H A
RIS T b 5t R 2% XA P b i MM A i
ISVERIRE Y (116° 34' 497 N, 39° 39 46" E ) #

17, ko e £, R E LR W3R
1o B 5T DX 3 I T 7 29 T K i 2 KU e, T
A2, ZAEFHIREKE N 585 mm, TEL P
6 ~ 8 H, Wilidk el 2 h—FE =%, &%
HERBATEENE, ZR s R B SE, —4 4
FREQEN, &F 2, K& 22, WlIemr AR
YA S, ARFRE s ek SR, SR bt
F 1017, WM HOGIRE, ZWEhs, TEERLE
Wi, K 70m, T8 8m, RIGEN.

x 1 BETHEEAEIK

+JZ (em) ASA (mgke) EAZ (mghkg) APUE (gkg) ABBE (mekg) HAH (mgkg) pHEH (1:25)  EC(1:10)

0~ 20 435 2.71 13.0 18.4 88.3 7.60 0.51

20 ~ 40 4.7 0.26

40 ~ 60 14.3 0.01

60 ~ 80 333 0.35

80 ~ 100 20.3 0.01

1.2 gt
KNS, i 5 ALER, 435108 1) AN
i (CK); 2) MiFHREMER (UAN) . i
N 144 kg/hm®, JEHERGAL, 4> IAEREH% )5 56 33 d Al
942 dIBAE, BUHEN S AR 50%; 3) UAN
TR BB F) 5 ket (ND5 )« 3045150 7638
JERTANA, FHHF 2.25 kg/hm®, 43 2 RGN, FE IR
50%, UAN HE it )y [/l UAN 402 4) UAN
IRINRGAMHIF] 8 kg/t (NDS )+ $I 338 AERTAS I,
FHE 3.60 kg/hm®, 43 2 IR, EHK 50%, UAN
5 M AR 5 2[R UAN ABFE; 5) UAN ZIsusam i
710 kg/t (ND10 ), #pIREENER TSN, H & 4.50
kg/hm®, 43 2 WERAN, BER 50%, UAN FH R itiie
J7 i UAN ab#, R b3z 3 kR, /NXTH
Ul 16 m*, [Al—AbERE 3 A/ XARABHES B —4H
Dy A R RE A T RE G AL, S AHBEHLHES
R4 H UAN HALIEA ml 44t (N 32% ), &%
WA 16%, NO-N 8.0%, NH-N 8.0%, AN
A RIFEHE, SR KRR, 57K 0.5%, [
E HAG A JOR T 1 5590 1 T AR AR — e ( NBPT)
A AL 30341 700 U8R (DCD ). 4540 B A4 s 0 I8 AN
HURE FH 2 —5k, ®BEAELL P05 118 90 ke/hm®, £
JELL K,0 it 150 kg/hm®, A HLAELASE) 1T 7.5 t/hm®
(N +P,05+K,0 =4%, Hi N & 1.78% ). BN
PEBERRES , PP MBRIRER, SAPUIE e

e, BEEEA

AT 201744 H 8 HE 4k, 6 H 10 H 3k,
AR R VU e 288 IR, BRI B8 55 em, VA5 25 em,
28 FXATARCEE EAE, 178 30 em, BREE 35 em, B
H 10 BR/m® R XA R G, RITEZER
Jite AL 8 42 ) SR S RS, AR A B 2 B — A
FENEHE, REASZEM BN B — AR, Wk
1.5 L/h, % Sk 18] 5 20 em. A2 7 309 36 9 0K 4 1Kk,
2 AR RIS R T, 2 IR K, A Rk
KFICEME, BUGEB R 518 50, 35, 30,
25 mm, JGE 140 mm, AR 2 5 HUE B A
[ 215t HEMEKASAS A 5 N 3.56 mg/L.
1.3 MEm H 55k

T AR A SROR)E, BANX R E
+, BUFEEEE R O ~ 100 em, 435 )2, 52 20 cm,
B EREERS SR AR HrEE AT [n 505
FIar Bt 5 mm G, FEAMRSIEE20 ¢ A&
W, 105 C R E 3Ky, SEC12 ¢ i A
J A 100 mL 0.01 mol/L. CaCl, ¥ 2 & 4 3% 60 min,
i 38 )5 K FH I 8l 4 74 ( TRAACS 2000, Bran and
Luebbe, fHE[E ) W& 30 A (SR MES
) TH.

M SPAD B : T55— UGB AL S8 BUS FEE —Ik
B ALHET, FH SPAD 502 Il E fH Y A K S LR A
SEAJRIFIEY SPAD fi, Wil &5
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PRI A WA — RO SR M, A X
3w’, FRiEEAYE (BRRE ) PRE LGSR
B, R B RG—ERAMI— 2 R T
R TARXITE

R (%) =% | BEE x 100

A= SR R TR) IR BRURE DN 2 v 25 o ) Y TR
. Voo WEMEREL LA SR, MRS SR
Ve, RAIEEHEREIIR SN E D, 2, 6-
AEEMEE L. MREEEDE ", SRR
O ILICE AR
14 Bt s
REFMIR = AETA - AZEHih
RAEMA (Nkghm®)=0 ~ 40 cm GHT L6 A +
FEAR AU & + P A + A HLEA
REHH (Nkg/hm®)=0 ~ 40 em W3R 1+ TR +
Bl Te

2B SR Rk, KERTEETAE 0 ~ 40
em T2, FA0AEE 40 em 5 R MEFEF T,
A SCER VBT, 0 ~ 40 em 3N FERfHEF T
TR

PR = B 1 BSEEA

K FH SAS 9.1 F ANOVA 8 7 %t B dls ik 47 2

Rl Emr, LSD Ki%, 5% BEHKF.

2 ERE5SH

2.1 AR

PRI R T AR (R 2),
SR ANAMEIF A UAN A BRAR HE, 8 0 30k i
FIRGALFE (ND5, ND8, NDI10) /=g ke, ik
) 18% ~ 21%., ey~ M FEHE, umin
HilFA A AL EE S UAN ABERAR L, 34385 & 2 3 7= K
S, R A 70T A 3 i R 1S VR LA B
o BEAN BRSBTS REAIG
FORLAE, 906050 28 5 10 ket BF, 7= H K
TFE, ND8 b4 i i 2 5 T ND10 Zb 3, 3%
&R 10% . FEREEZIE ™ a2 LA, 3 2
Al UL, UAN ZbFRf SRt o i 5 KT oAb B,
T R0 Ak B 2 ) TG i 2 25 . R LA NDS b
PR, WFE R T UAN FINDIO A3, #sg Rt
P2 TP EE 1 OCBEFR A, NDS Ab 3 i S R 54 )
82%, L UANACERERTE 7 4NE 20, AR T
A

2 ARFE. BEESHEER

. THE A wE
(ho') (k) (ha’) (%)
CK 59.9 ab 0.69 b 438 ¢ 732¢
UAN 549b 0.64 ¢ 413 ¢ 75.3 be
ND5 65.0 a 0.75 a 52.8 ab 81.1 ab
ND8 66.2 a 0.77 a 543 a 82.0a
ND10 64.9 a 0.76 a 49.1b 75.6 be

T RSV R ARG FRER R 25 55 8 P<0.05 K-, R,

ASTa) Ab B R A= 35 5 AR bR 25 S A (R 3 ),
5 CK#H I, UAN 4k 2 F1 ND5 &b 2 (1) fi§ BR £5 &
BRI I, Horh ND5 ZbBEAF) B K, T
ND8 FIIND10 Zb ¥ 5 CK A FE, WA B EER. Ul
A B ST TR A I 30, A SRR R &
IR, AN 0.5% WM HF (ND5 4B ) JL
-V A AR R R 5 e VR ot 2 S o4 i
R AT ARG 5 Ve &5, Hrf ND10 24039 Ve
TR EST CK, BB R 2] — 5 K n]
DL TR Ve B RS I i 350 6] A= 3 f
PR B0 AN B S, R A R
Hm, ND1O &b B ) vl s PRS2 = T NDS b
PH, 3 A NDS A2 T 5 M0 e A A SR R 2
A m RIS A, AR, AR
TR Y RE R AL S R A, Hob NDS b B
WS T CKe LG & TRk F, NDI10 b # X}
AR B A O FE B ., RO NDS Ab B, 1
UAN Kb BEAT ND5 &b B i o1 i el s AR 2D, — i
5. MBS P RS ERER o R TN T e i
BLHERS, X TAO™ i PR A e VR, IR
FEACAH IR R B s SR M NE P e By /e B i), T
—mORFE, FE UAN FhES NG 3 Lo i) i SO i 541
S — P A RO L e p i, Hdr L ND8 Al
ND10 AbFRZEA AT, AMUAEIREL 7 5K,
i LA Bt A5 DA

R3 AxRmRE2ESE

e fismRER Ve AR aAE R
(mg/kg ) (mg/100 g ) (%) (%)
CK 2934 b 14.0b 3.12 ab 3.24b
UAN 3358a 16.6 ab 333a 3.43 ab
ND5 4216 a 16.6 ab 2.84 b 3.53 ab
ND8 2984 b 16.6 ab 3.14 ab 3.64 a
ND10 2569 b 219a 333 a 3.56 ab
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2.2 ESEM MR R AR

MR 2R 3 & T LARAEVE D AR KRB AT
RHLRIEN . M — UGB AEJE 265 9 d i B SPAD
B (E 1) ATRUE N, ANFEAEIEZ BT & 2%
S, BEEMGM T R SRR S, IRl )
ARt R e, (ARREEBORANE
5 UAN LbBEAAHE, NDS AbBRfY SPAD {H & 3 34,
I ND8. ND10 &b HAH e UAN N K 35 2] &g 2 7K F,
VLEBH IS RIS R R I B X R R M4 5 & 2k

S, AR EE RIS (5 ket ) X EUHER A
W F SPAD SN s R, ARSI Ml e 2, nh
SPAD N3N, AT LAE H, AR 0500 s i i
MR T REMNBEN SR, X4 R A=A 5,
{EL 3K Fofr 52 Wi 5 084 77 0 O 8 N 2 5T 4 R IE A G
KR

50 a

30 -

SPAD{H

20

CK  UAN ND5 ND8
4T

B 1 &FFE—XEIEFMF SPAD &
Ve B RN R R b B % S5k 5] P<0.05 K. T,

NDI10

A (kg/hm?)

0 50 100 150 200 250

2.3 WoR)E BT S PT A AR

HSRIARIE 0 ~ 100 em TIEARE L2 P&
BB R WK 2, HmskE AR UHEASA
hE, SRR, ST 5%, ANF
EZE, 2 (0 ~ 20 cm) WEARMEER N
Bz, THERBZESASTERZTFEZMN2M45EE3
VL E o A[RAE IR RS AR Z AR R R
255, W HAE TR W R KA AEfL, UAN &b
FEYE 20 ~ 40, 40 ~ 60, 60 ~ 80 cm 34>+ JZ
AR F AR, HP7E60 ~ 80 ecm T2 3
f THAMAN B, FEAE A B B ke e KU (&
2a ), [FIAY UAN ZbBRR ZEASR & BE S T NDS
AP, 25 B S I i 590 AT A AR R 2R A
A, SBARKBESKAEZA (E2b), T2
BASAGERED, PR EF WAL/, Hrp
20 ~ 40 F160 ~ 80 em - J2 Py Ak B[] A UL i 35 2%
5., CK., UAN, ND5, ND8., NDI10 &AbFH 0 ~ 100
em + 3 Al 245 FBR B AL 400 b 261, 631, 429,
511, 519 kg/hm®, 78 il 350 64 Ak B 285 2R R i
18% ~ 31%, /N T AHAS IR VLI XU -
2.4 HEENEZR R

ARE TR RAEY), KRR R T 14
30 ecm Z N, BESMEH 40 em ZF, RMEBAE
N, P 25— AR R (%
4), HATF, B CK Ak, HoAh AN EE R R R B A
¥4 380 ke/hm?®, Horf 7K HF A AL 4.98 kg/hm®,

A (kg/hm?)

IR (cm)

100

B2 WREAELIEHSENERSEANSE
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A T O AT FK R BRI A A & i, K
GG N s N NV EIE e et e 2
25, MERAL PR R B S CK A H A 3 ma 3,
Hivp ND8 b B 5 3] 18 2 K, ERALEEO ~ 40 em
T3 A B RS T CK, A AL B R R
WL E S . AR FMHBIA T 553 ~ 112

ke/hm® Z 8], B ND8 ZAk, Hofthii 0k LAY A5 2K
PR ERT CK, Mz AbHd, NDS () Bk B
=T ND8 AbF, (K5 UAN AbHUE 2 5. 2¢
kA, ND8 LbFRAEHE T AR MM, deks THAK
REBRIAE

x4 EXEBTHARERUFE (N kg/hm®)
TiH CK UAN ND5 ND8 ND10
AUA

FEHT 0 ~ 40 em TIEH FRA 137 137 137 137 137
FEAE AU 0 144 144 144 144
HEWE K AR 4.98 4.98 4.98 4.98 4.98
FHACE A & 93.5 93.5 93.5 93.5 93.5
FEIM A 60.8 b 61.9 ab 63.7 ab 723 a 71.1ab
BRI 0 ~ 40 em 36" A 120 b 212a 204 a 230 a 212a
LWL = B A - B th 553¢ 105 ab 112a 76.9 be 96.2 ab

2.5 GTREEHT

Ji76 Mhm®, SEIRIEE] 18.8% ~ 31.5%, ST -4k

PLERE RIS N IR, T 4 AN REAR AL B
FIFEATA G (F25). FEAT L, B
I RA SN 124 ~ 248 T/hm®, SR TR INI0HIF]
AHEE, BURIEIE N 102% ~ 20.4%. WA L, Jiiff]
RACHHIR S UAN 945 SE 881 0.93 77 ~ 1.37

FU A BT o i 400 ) 590 S o e A B, AR
W2, ND10 PR F= 4 Lo B0 R R, BB AR Y
WINEAEZ T LARFLAE, 1 NDS Fl ND8 b B i
PRI B T UAN AL BE, H98R M 13.0% ~ 15.8%,
FEI B I 2 B R0 2R

RS BNFHAIN

- U}iN JA i%?i;i?fﬂbmi :J&l/\ AR ﬁilﬂz/\ i%.illﬁz%ﬁ K e — FER L
(JG/hm*) (JG/hm*) (JG/hm*) (%) (JiJG/hm*) (JiG/hm*) (%) (%)
UAN 1215 0 1215 — 4.96 — — 40.8 —
ND5 1215 124 1339 10.2 6.33 1.37 27.6 473 15.8
ND8 1215 198 1413 16.3 6.52 1.56 315 46.1 13.0
ND10 1215 248 1463 204 5.89 0.93 18.8 40.3 -13

IF: UAN, 2700 JC/t; BRG], 55 J/kg; BT H, 1.2 TT/ke.,

3 ipSEl

3.1 UAN BN RESESG F=a L i 384
SibEEe Al

UAN HA ZMARIES, 5REMLE, EX
Jifi T UAN AT 2 2R 38 7= 9 42 s RUIR A R = ) (|
RICIE SR, Z) kKA TR, wrRim
Bt A9 00 T — 2D B i A R W, BRI AU
Fe MR IS5 5 1 ARG EWITE UAN s

XU 550 T LA 28 =t SO, ]k
T EHERIE RS AR, AR T A A R
L AR RO R . BRIASTE]
FI, 5 ND8 AbHAH L, NDS ALHEAY A RS ER R &
R EHON, ND10 Ah B 58 ™ i Fg SR 5 e
i, A kAE, LINDS AbF YRl 78 HR
D, AN ROHE B 75 A 28 1 40 2R T A5 O J ot ok 3
BRI, [RAR T AARAYGERSR I, SRR CE N
VERC, $Em TYE M MIBCSOR . A5 i AU
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450 570 A A AL 30 1R 57 DCD 5 K g 40 1 5] NBPT £
AR, IS B RUIRIE 2 00 1T 2% B XUE AR
FHo DRI, S AE il 350 5 A BC A it A mT LA
RS LR BTG, A -3 R ) N K At ] LA
NH;-N WIESAETE, xR Zmmle ', JRE
Bicsiti NBPT A LIYG I +- A 3 AR B, &1k
WIR Z R S TR E A e U UAN
WIRIE S A AR, BAEMBIE SR 3MES,
SRR A 3, R T DL AR R
WA, T e 2 SRR D Mg 25 2 ) 2 i 28 it Ak R K i
FERFRIAERE IR R AL E P22, R i T
RAFEMI ) RER 2R T - e il te o], %
R AR AR B A PRI E . m AWFIE %
B, RS TG (G R 5 A 75 2R B (0 498 o 7 e e
AR ITIREE, RUIARRE e 7, ity
ORI AT, EehiR A 2R A K A AR R AR
T S A A L S U )
FH 15 UAN ZUIE A AR TR 245 R 2 AE s B) 4 F o
A FRRBER , 55 FUR Z AT NHI-N ¥R
B 5 NOS-N K& WA e, 03 360 5 in-F A,
Fe BRI 2E, S SeE RS = e o A R0R I
AIREIR A . AR H RGOSR p T 2 P AER
HEY) b, o HR E R AUk RS 02 A Rd
A B, KR E A I AR RN
255, HS PR B 2 R0 R, AN
rf B UAN A9 A0 B8R CK 22 (8] B 7= 1 25 701
ANERFE, B CK AHR A BRI, HR A
THVUAE, FERT A Ehim, RIETAEN
BER, HEMA B4 (F4), Wi HIEFRS SR
W, A YRR AN S ik, (HiE s 2 4
W0 s QN N e e L 3 = Sl
BCRSEWAELY, FEASTIS RN T ZUIE 0 i 55 e

MRS, PRBLH ™
32 RACHEAOGN BN B 5 BB L 45T AL AR 1Y
HirIF]

SN 5 400 ) 50 T i FET AT LA 98 R 7
BAR i 28 SO HE R 2 Qiao 45 ) X 4 Bk R ]
i DX it FF A A A 590 AR B8 R T T A, & B
FHAH A0 550 7T LS N,O AT NO B9 HE 3R AR 44%
H124%, W/ REIREE KK 48%, ¥4 N & 5 &
20%, IR SR HEL 16.5%, [RIEREAEE
W, Guardia 25 ") 75 3 i NE o v m &R 76
FI 5 FFEAR T N,O A NO (OHER, 4ok

AR H AT ZEI S5 A3 = s = AR
VLR FEAR A R IR ORI 2EH, EEE
T FE AT, B AR R, s AL
FRSAR B R AR T — 25 sk . I RIZ&A4F T, DCD
FIERAN EL ] A R R 1Y 10% B, ] DLk 2] B pe
U R AR E G 20 SR 30 A
%} DCD #¢ /N, NBPT 5§ NBPT 5 DMPP 4 & 1
BNIRER0.5% ", ARSI TIRMAE 3%
[ DCD J&— ANl P 7 AifEeh ND5 . NDS
FTND1O Ab 35 rbi i S8 im0 5 o AR 1Y 1.6%
2.5% M1 3.1%, HrP KT 3% - ARG, T8
R EARTRR, FR SRS L
F, 0 ~ 40 em + 2R EFRMBURA B 1M
MU 1.6% B, BARA VARG fermr, (HFRW
PORBA AL, ot e h & 5 o &, Hit
ARG R LN 2.5% 9 ND8 AbFE R Bl p= it .
JFRFIFRES 250 R0 25 IR o ANIRER o LAS 1Y
I RS I 2 A VG ) A S R 7 RN A R0 25 P
6], BT XA R A BRSO AL, i PRI 2
PR SRR AR 5 E 2, WARRE TR
T 000 R AR AR PR i . DAY
RG22 DUPRZ N FERE R I E AR S il ), Bk S
[ (AR (] R S A A L e, G RS E A B ik 1 TR
e, AR BOE LA T, AR 4R Do 7
Gy RAE, AR S G0 A ARG i, R
BRI B A AR, AR AR S
IR EIAIR S WEEE 25 S, — BRG], W
Tl 5 AN A G A T KAEE, WA T4
R, BEIRA,
TRIAMERIFIELE T UAN AR LB, Jt
R IR U R0 86 T e 7S U R B A7 R st
6], by A i 3 o ] BERG i 20 K 42k 1Y)
JU . STt FHAM I 5 23 R R A e,
CL A A 2 WA R FEE A A P [ A RO AR i 550 1)
A RARAS ) | E =R a0 S G N (1] i1 K B R
BRI, EE RIS dksE g i el e 0 (A
LA WIS 2 BTG A A 70) AT ARG 4 R i -,
ARG T WA IE S A S e G O =0, R
JE 5 00 351 300 350 50 1 43 B0 TRt B 35 v 28 YR 11
FHERASH R T Z SRR, 5 E A A
DEAR R RENE 0, B H RS A P A K
o, . REE, ARRE TGN 4
5, MBS R EREE A S B, b



rhE EEESALEE 2020 (1)

R R R E B AR, (A RIS R
RS A S R, A R SR
T DT A SE M An T (A — 245

Zi b, WARZEAE UAN a2 (8 ke/t)
FIRCEAN IR, AT ARG AL 32 =6, i HL AT
DI/ B Hp IR SR O i, BT, IR RT DA
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RTINS (5 kg/t) Xt 7 ARk & A 25 ek
AR HOSER BA, BEREnE (10 kg/t)
ZEUE R AR . PR A L AR v 4 R ) 551
SR I e 5 PR 2 AR B3E B

SE Lk
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Effects of urea ammonium nitrate ( UAN ) with N inhibiter on lettuce yield, quality and soil N balance

YANG Jun-gang " %, LI Yan-mei " >, SUN Yan-xin " >, LIAO Shang-qiang " >, ZOU Guo-yuan " >, GU Hong-yan’ ( 1.
Institute of Plant Nutrition and Resource, Beijing Academy of Agricultural and Forest Science, New fertilizer Research and
Application Innovation Team, Beijing 100097; 2. Beijing Engineering Technology Research Center for Slow/Controlled-
release Fertilizer, Beijing 100097; 3. Solvay, China, Shanghai 201108 )

Abstract: Excessive nitrogen (N ) application is still very common in the greenhouse vegetable cultivation, where high-
intensity inputs of water and fertilizers, and increasing planting area result in more and more serious environmental impacts
and none-point source pollution. Increasing fertilizer efficiency and reducing the application rate has become a national
mission. Urea ammonium nitrate ( UAN ) is a new type of liquid N fertilizer which is applied in China recently with the
increase of fertigation facilities in greenhouses, but how to using UAN efficiently in greenhouse systems is not clear. Here
we conducted a field experiment with UAN and a mixed-type N inhibitor composed of urease inhibitor ( NBPT ) and nitrification
inhibitor ( DCD ) applied on lettuce, and five treatments were CK (no N applied ), UAN, UAN plus the mixed inhibitor at
5 kg per ton of UAN (ND5 ), UAN plus the mixed inhibitor at 8 kg per ton of UAN (ND8 ), UAN plus the mixed inhibitor
at 10 kg per ton of UAN (ND10 ). Drip irrigation and fertigation were used, two times of fertigation with total N of 144 kg/hm’,
four times of irrigation with total irrigation water of 140 mm for the whole growing stage. The results showed that adding the
mixed-inhibitor to UAN had significant effects on the yield, quality of lettuce, and environment. The yields of ND5, ND8
and ND10 were 10% ~ 21% higher versus UAN treatment, and the highest was from the ND8 treatment; the leaf nitrate
concentration and soil residual nitrate were also reduced with the mixed-inhibitor, which resulting in less nitrate leaching
and lower environmental load. Applying N fertilizer increased apparent N losses, however, there was a decline trend on
the apparent N losses in the ND8 and ND10 treatments compared with the UAN treatment. With the increment of the mixed-
inhibitor, economic outputs rose firstly then fell, and the output-input ratio became lower at the higher rate of the mixed-
inhibitor. Based on this study, the mixed-inhibitor at 8 kg/t UAN is the optimal dosage for improving lettuce yield, quality
while reducing environmental impacts.

Key words: mixed N inhibitor; soil residual nitrate; apparent N losses; economic outputs



