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Ao e S i P SRR PR R R AR B 1R 59, AR AR
P R TR s it R SR M R R E SR TR
W A IR E IR U4 R A rh T
W SR 10, Bar-Tal SRR W4 I 0K JE 54
FIPRSORT 2R (R, B TR =0 8.07-9.2 mmol/L I
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Js BEBO™ A o 5 31 5 BRI TR AN R B ARl
AU = BRI o W5 TR R R 18 52 2K 43 L 1 5%
Wi, KRS TR R, SR PN AT AL,
SRR N BRI AR FEAN R K 73 T TR 250
T B T 3 R WLARIE AR SO I WS BAN [R] 74 7 0T
MREIR LI ARAL, SR S7RENS S /K 73 B R B ) 4
ke iih £ o

AR Dy v OB G S R TR 7K 23 R 28038 77 B 7> 1) 2
SR H, AHAR RAIR B RREKER, Ktttk
FUEEL, R E RNV R, 2RO A
HR A AR 1) AWFFTIE L 2 a AR E AT R 1
SRS, 3 LR R RE AT A5 R F ORI &
AR 20 S R R 2 B0 MR, LU P B b X it
S AR AERE A S P I BRI R AN B AR S

1 M5

1.1 HEHRE
111 XEmsL

2a 5 (2014 12015 4F 4—7 H) B b AbBEIE AT
W S X B PE AR R AR R 2 B IX A K - TR
BB E AL = HOGil = N IEAT (34°20'N, 108°04'E)
R 521 m, IR 13 C, ERROKEMZER R
S350 645, 1500 mm. 3N FIE L, A 1.49 g/em’,
FH [F) 457 /K B o B2 % 24.5%, pH i 8.12, H L. A%
AL B 14,634 0764 0.53. 14.25 g/kg, Bl
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RN 71.33 mg/ke, AN 58.93 ghkeg. HIGE =K
76 m. EEE RS E R 7.5 M1 2.8 m, KA TR E A
) 38 RT3l X T N BT NS % (HOBO event
logger, onset computer corporation, USA) , A] H3lic3%
RENTE CRAIE S . MR, oo 2
SRR BHAR S o

112 AXAtH

HEEUS P A SR 50T ) (Capsicum annuum L.
var. grossum Marcomi F1) o R4 AR AN IRZE (N
46%) + HEERES (P,0s60%) FISEALHT (K0 60%) .

TREMENL B 45 0 LA SN S (Netafim) A& 1)
10 2k X GEREME M IE L (NETAJET 3G INLINE) . N
NETAJET 3G INLINE R41&17 K /14 3~5 bar, & i
HO4 0.5~20 m’/h, JL2eds 3 AN B RS, AERLRTZK
It HYDROMIX 7K )R BRI A1 IRA G 4T N L4 E .
REA ARSI AR 1 ST ARk, I
WA 30~~300 L/ho iy R A W geX A L, &
Wit 8 mm, JEL[AIFE 30 cm, Wit 2 L/h, TAEHH
0.3 MPa,

1.1.3 Kt A4

R B HEK B AR 2 AMHE, BMEE 4
MKV WIS EAEW 28 K 751 E (reference crop
evapotranspiration, ETy), % & 4 MK EZKF-: 105% ET,
(W1) . 90%ET, (W2) | 75% ETy (W3) . 60% ET, (W4) .
SIS HIHEA I EUKOF 300 kg/hm?, B 4 AMiti%UE K
2300 (N1) . 225 (N2) . 150 (N3) . 75 kg/hm? (N4)
R s A A3, JL 16 MbH, [P 3 A E
5, 48 ANPIX.

#ANXK 670 my B8 1.25m, [ 8.40 mP . KM
Hh ML 2 A 7 E R B X, 2B 25 em, BE 75 cm, ZE
TSR0, ZETAIRE 50 em,  /NXC ) PSR AN 1 m
WAJE, SHMTRRESALE, SRA 1 B 2 4T, fE 2 AT
MR TR AT B E S, THMORKER 45 cm, 4THE 30 cm, FAEE
SEAH, R 31000 F/hm?.

ST 2014 554 3 HAI 2015 4E 4 1 H Gl
T8~ 12 1 1.0 SEHRE, 2014 457 A 25 HA12015 4 7
H 23 B AORIELNE U R, PeEmK 40 mm, &
MG 15 d FFARREBEALEE, ~P39%E 5 d #E 1 UK. 2014 FI
2015 FEEH I WL W2, W3 Hl W4 [REEK S5k
263.1. 231.2. 199.4. 167.8 F1 247.0. 217.4. 187.8.
158.3 mm. JEMJG 20, 40. 55. 65 75 85. 95d i,
SRR 7 K, BUA CEEAAE IR it T L
H 13.33%- 13.33%. 13.33%- 20%- 20%- 13.33%. 6.67%:
SEAE ST 40 d JFURS5 EE IR, 73 15d 11Kk,
Gt 5 W, P IRAEGE E 8.5 ke/hm?®, AR AE UG
Jii 25 kg/hm?s FEANEF WML, R, B R B
F B A IS . 2 a RIS, = H P D
o4 14.1 °C, B NEN 33.1 Co
1. 1.4 #8540 Rt

M bR RO R R B i AERIMBUE ML 33 544

62 72. 81. 91. 101 A1 112 d ILoHBIAPEIRE 8 ¥, A
YIFEAE 105 CATF 30 min, RJ5T 75 CHETZ1H TR,
WE R B Ay, vhm?. TR IESE 1 mm
i, 22 H2SO4-H202 ¥4 M # )5 il i Wi ) 43 Hr AX
(AutoAnalyzer-III, ##[E Bran+Luebbe 2 7)) M5z 4%
T, SHTARHENSTEKRESHT TV RER
P, kg/hm?’s Rtk B BRE 2R, 1 A B
A R BRI A B b
EYERIE, %.

LU R SCRIUE,  BEICRUS B GRS S
ok, FRBUE I A5 R, thm®s BASRBOIIER
6 W

KA FIHZE (water use efficiency, WUE) A
e Y 5BFE /K (evapotranspiration, ET) ffJLE
fE. ET RAKE AR, il s s H el = W
AT, AR 0. WIS R R HRER, THRAR
SR ZB, R EARIZS IR EWY 0. HFUX K
frfE 50 m LR, HUF/KAMNA N 0. i)

ET=I-AW, (D
[ 7oK R, mm; AW R EHIHAARIE 0~100 cm
THOK AR, mm. 405 TS HTRIECR S 2 d
€ LKy, RTINS S ACERS 20 em W T AR
K, TZE 100 em K. HEAKE TN

=K. "ET,. (2
X K EM RS, Y5 FAOS6!™, BB A= KR bl
HOIHAE A RIVEY) R Keins Kemias Keena BB 5124 0.7
1.05. 0.9,

HG = A ATECh 0, HZE KR FGEHE AT R A7AE,
R 08 2509 H iR % Penman-Monteith 14 1F 2
X5 EToe

0.408A-(R, —G)+y - 113 —€)

T+273 . (3)

ET, =

0

A+1.64y
K ETy WS EAEW KGR, mm/d; TH 2 m &1
WSS, Cs R, MHVERERS, MI/(m>d) 5 A Ni
AR T Ze R, kPa/C; G 4 HIEHGE &, MJ/(m*d);
e, WFKIRIE, kPa; e, HEBR/KIRE, kPa; y T
RKHEH, kPa/C. RIS ZIRK AR EANA L.
1.2 1BEEA
L2 1 VB RURE AR ZARA

Py AR A A= ) 1 1) 3 2 B R it 42 0 20 5
e m SRR FEAR,  BVBEANSZ A28 7RI U AR A
FEHEEWREAR IR A RIR . SR FEE RN E
SOAVE A K2 W FE IR, B U 2 B35 1 n 1
YT B AR EE BRI U EYE
KAZREZRS, WHEEASHE N TYmERE, H
2 BE RIS R . SALEEZ )i B M
Wt 7 =N, WA BE N 0.05.

W Tustes 22011994 4L H R PRI BE V57
SEA T 2 2 A I TR SRR i 2 A (1 A A



517 3

W RS AE: T A SR AT 1) G = AR RS TR 2 91

AL ML T B AR R I AR B R i e i) P
BRAUF s 1) W05 B R EBURF P M358 A= 40 i R L% T R L
WA 20 SHEY L LR AT 5 254007, WA
WIEKZ R E TR S SR ERE 7 A R E TR A
FEHERIZA; 3D ARE WAL Ay & ILA
WA 2 IR R AL U, BRI 4l i
AR R T IIER R AW R N E, BRI 38
I S R 5 P 3 fh 8 R D K2 0 DAy A A o (1) s 28
FIAE SRR s o FE T Hb 1 5B 5 1 e S R %
N, =a-DM™", €))

K N AR R R, g/100g; a Kb EEp A
1.00 t/hm® B RIRR IR SRR E ;. DM B3 T4 549
H, thm’s b WG AR ERB AR G4 S5,

AWFFCR 2 77 1% 2 (root mean squared error,
RMSE) FI#r#EAL 3 J7 R % % (normalized root mean
squared error, n-RMSE) REIGHIARGE, FF B S
SLIAETET 121 55 Bk EW R A 2 (R 40 B R mT 42k
RE>1, FoRmfli, <1 ZoRflfli. RMSE S BHUE A
SEMME T34 2 5, RMSE RN, SR AR S5 52
w2 N — B, n-RMSE<10%, AP BE
Belifs 20%<n-RMSE>10%, BLAUBIIPERERUT; 30%<
n-RMSE>20%, FBIBAUTERE—f: n-RMSE>30%, #i4
MR 2=,
1.2.2 RETHRMIAER

KA Lemaire 5P H (1% %8 72152 (nitrogen
nutrition index, NNID  PPA/FH B FR A& 8 & 3278 TR

NNI=N,/N. . (5)

Arf N A B AR R FE S, /(100 g)o NNI
RAEAEDERAR N AR ETRDL: NNI>1, BRI A EE
FEidF: NNI=1, HEETHORGUG E; NNI<I, RIHEHE

BT,
1.2.3 RERMAER

o E TR ERSCE (N kg/hm?®) Ejdth F3R2E
Yk 2R (maximum dry matter, DMy, kg/hm?)
ZIHHIK RN

N,, =10N,-DM, (6

(4 RSN (6) 15 20 BRI 57 S0k
et
N, .=10a-DM.’ . €

upte max
A Nypee NI EWRCE, kg/hm?s 1-b NAEKSH, £
E AR X OO 26 5 A B R 2 L
1.3 HuELEBS SR

I B VA 48L -G T 32 3 S S 2 R R it 4 22 B AL
(2014 4F) , KM 2015 4F A7 e Fh v g A T
KriiE. SR Excel 2013 JEATH R #EF AR 22734, SPSS
18.0 i AF (M) 2 B LBk i /D i % (least-significant
difference, LSD) #4775 2430 #1, W& MK €A 0.05,
1 ] Origin 8.0 #AF1E

2 HR5SH
2.1 FRERKFTREHMB EHEMERTRE

B 1 AR N AT R FTAOh A
HNERBLRE. HETUEL, EHEMAETHA
g, EiAO B RO, RS 54 d AR
R 225, B G 22 B8 K. il 2R R 1 A8 4k ]
A1, AHFEREKOE R, @S 62 d A4, N2 JEL
R Hb B AR R RN, N1 R N3 AR A3 2 [A)
TR 2R (W3 HEKEERSL, I N3 A A 1t
BRAE R KRR, N4 SRR AT 3B B
AR T AL A FE(P<0.01). PEHIAIK D &1E F—E L
Pl A 4 e S5 AT T R R R AR KR, it S 8 i
AR FE TR T oK, SUBHR X AL, AR T
PRWISCRIFH 38 5 (0 7K 20 R 38 78 o L N A A 1l
PRAED IR B o ARIGAAE T, 4 NREBEKCT T
L ERAE YR AR AT 4 5 0.15~12.84 (W1), 0.15~
124 (W2), 0.11~11.90 (W3) , 0.07~8.40 t/hm® (W4) ,
FHEBEKCF R N4 AbBEETAROE b3 A ) g T
flabFE (P<0.05) .

— NI -0-N2 —4-N3 —a-N4

o 15 o 15¢
E E
i = i 12}
B E BR g 9t
.9 = .2
e =S
T3 £z
kS E‘ 48
29 2937
=3 Q
S 0 E]
< 30 60 90 120 < 730 60 90 120
SER G R RPN
Days after transplanting/d Days after transplanting/d
a WIAbEE b. W2/4bEE

a. W1 Treatment b. W2 Treatment

o =
= =
= I &
< Hs
= 2 5 S
B £ = 5
W e = .8
§% g3
H- £ 113
11 9 = &
29 -
z (=]
5 g S -
S . . . < . . )
< 30 60 90 120 30 60 90 120
pLiEVEPS ¢ PREIEPN 3
Days after transplanting/d Days after transplanting/d
c. W3AhE d. WakbFE

c. W3 Treatment d. W4 Treatment

T NI~N4 25127% 4 MEZEAKE 3000 225, 150, 75 kgkm?; W1~W4
Iy RIRIR 4 REKEIKF 105%ETos 90%ETo. 75%ETo. 60%ET,, ET, A%
s, FR.

Note: N1-N4 are 4 nitrogen levels of 300, 225, 150, and 75 kg'km'z, respectively;

WI1-W4 are 4 irrigation levels with 105%ET,, 90%ET,, 75%ET,, 60%ET,,
respectively, and ETj is reference crop evapotranspiration; same below.

B 1 2014 R FAEBEKE T AR E 4 L3R Y F 6
ot
Fig.1 Effects of nitrogen application rates on aboveground

biomass of greenhouse bell pepper under difference irrigation
levels in 2014
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AR I ATAL, BEIE K E A A, SRR
TEE SRS . NIRRT A, AR AR AR
B R e S kN E A R A W W BB AT T & A
BT, HA5 3 W2 T W3 KT R
PARLE, WA FEE KT N AR G A Ak W R T
MEME AT o 4 DMHEEACE T (W1~W4) SRS 5
S BTS2 900 1.43%~4.65% 1.45%~4.43%.
1.36%~4.33%. 1.04%~3.42%. HilWiE &K HE N A
FIT AN BB TR IWOBCRI T, eI g RN A R E
FEH A RSP R R, Rl T RS A KRS,
BEACT I G5 T AR S TR A, Sk iR B
Gy PEE AT I AR D) BRI K 93 AN A2 JE 15 A2 R IE 5 2 K
oK, WEEE TR Z B4

—-NI1 N2 +-N3 &-N4
50 5
4 4
ﬁ B B
* 8 g
I# & =
w3 3
=< 2
3 3
= =
1
30 60 90 120 130 60 90 120
SE MG RE SE MG REL
Days after transplanting/d Days after transplanting/d
a. W1 4bF b. W2 4bFE
a. W1 Treatment b. W2 Treatment
5 5-
S S
Z Z 4t
.ﬁ B B
= =
.8 k=
23 5
w8 <
= & &
3 3
= =
30 60 90 120 30 60 90 120
PPN 3 RV EPN
Days after transplanting/d Days after transplanting/d
c. W3 AbFi d. W4 AbFE

¢. W3 Treatment d. W4 Treatment

B2 2014 4 RREBEKF TR E 8k L3R Qa3 AT
Fig.2 Dynamic of nitrogen content in aboveground of greenhouse
bell pepper under difference irrigation levels in 2014

2.2 REHMIERAHEHEERNMESEIE
2.2.1 B FHARE R ROR AR o ZALR M

JEME G 54 d 207, RERR U B A RE AR ) B X 8 n ke
BERE, HAEWER/DN, KT 1.00 thm?, KA
R IG SRR I G R AU %I B RIR AR, DA L
WEEHEARL, % BN A R 20 4 PR AR P 5
NG P 5 52 R A AR R ) e K SRR B 1R T 304, &
THE W1 W2, W3 Fl W4 FEREZKE T I T R0 B £y
WA 4.54, 472, 4.64 F1 4.38 g/100g, HHMN e/ NEME
O350k 1.220 1.364 1.29. 1.19 thm?. R (4) x5
MG 54 d I S S JL6 Y 1) Jb b3 A= 4 i 250 A T
PG, 133025 HEE AT FEARUR I S 0k BE AR R it
LRI . T, 4 ASFEBEACT N HEPARUG SRR R
ik 2 i A A Rk A

c

Wi: N —{4~53DW*"3” DW>122, R*=0936, P<001

4.54 DW <122
0318 '
w2, N = [519DW™" DW>136 R*=0.901, P<001
" am DW <136
-0320 2
w3: N <[47IDW7 DW>129, R =0908 P<001
464 DW <1.29
.308 _
Wa: N = 3ADW ™ DW>L19, R =095 P<001 o
438 DW<I1.19

ZH a BHHEREZK T R4 i 5L 58 39K 5 vk b ka3,
W BH 3 B R HEZK T B AR I A RO B, 8 R AR NS
REEFRMAEMGE S, RIEDEK, EWEER, T
SRR R A PR TR IR . S50 @ FIHE/K & 1 HUG
SRRt vT AU RIK 22 451 240 a 1A

a=-0.0004-1>+0.197-1-17.830 « (9)

A NEKIKF RS 50 b W 25, DI AR
[FZK 3 46 AF P IR AR BB e 250 b, IR RIRE W
B S SLX I B /N AR ) 1R DAV AR B KA 4.72 /(100 g) F
1.36 t/hm’ i}

gr by ARG 2 A ARG S 0 S R 1 2 A
BIRIEAN
v _{(4).0004 -I* +0.197-1-17.830)-DW"*" DW >1.36 o

4.72 DW <1.36

(10

c

2.2.2 R EHMRIE R RUR AR ZALR IhE
SR AT () 50t I A R R it 2k 2 I B A gE AT
B, BRI 2015 SEANFEREBE AR T (W1, W2, W3,
W4) R 45 SO0 FITRUIR SRR B R B & WA T AT
IOAUE, HODIRUWIR: KA REREKOF R K S 1
e CERG 624 72, 81, 91, 101 A1 112d) 2 las
AR (10 P EIR AR BRI FEAEL n=24) ,
A I A AR 1 1:1 HO5 K, @ik RMSE M
n-RMSE SKIFMM AL IR RE, 258 K] 3 fros. AL 3 n]LL
FH W1, W2 H1 W3 7K TOUIME R 08 &R R 4F,
W4 KRR Z, BEER] W4 B 5 HEAc R, 7
A S e R HE AR BN, WOWIE AR 2 ) A
KA. BERRS EEPEHIE n-RMSE 4 16.63%, T
10%~20%2 A, IAE] TEUFK, BHESKHR HAR
WFRUREEE, LA — 2 H TR I RE TR 12 .
5.

RMSE=0.372 g'kg'!
n-RMSE=16.63% 1
R*=0.906 L1
P<0.01 3
13
3
A
a

w ~

W1 Observed value/%
(3]

—

2 3 1 5
B Simulate value/%
B3 2015 4F B REE #ARIE R SUR EALI L WLaHE
Fig.3 Simulated and observed critical nitrogen content of solar
greenhouse bell pepper in 2015
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W RS AE: T A SR AT 1) G = AR RS TR 2 93

2.3 ETREFEBHIRENEFTSH

MRPE (5) THHANFIEME A A N BHARE &t AU Ak 3
TN E IR (NND 824 B 4 Fis. A
Kl 4 AT LU H, FHAR NN Rt A 6 30 % R s E . W,
W2, W3 fil W4 7K NNI ¥{EAL X (8] 4371 4 0.88~
1.21. 0.92~1.33. 0.91~1.13 1 0.89~1.08, M NNI
[SERY: = DI E=R e L) e RN ) S5 ) &7 e 3 o O
N1 Fl N2 & ZALPE NNI>1, RWIECE IR E, N3 N4
AP NNI<1, REJEEFEAL, — RS 1A
PR B N1, N2, N3 Fl N4 /KF R NNI S A4k X
[8) 53504 1.04~1.35. 0.99~1.14. 0.84~1.03 F1 0.75~
0.93, BHlAE MG 2B NG S. 55 H 8 K%
PERREAN R W RGE TR, TR f5 e it S A
F N2~N3 (R 150~225 kg/hm®) 2 [i], HH T N2,

NI N2 -aN3 -aN4
1.4
5 5
&S O 1.2
= = =
%8 #£.8 1.0
g g =
® 2 & 23
Z Z

K
30 45 60 75 90 105 120 0'630 45 60 75 90 105 120

SEM G R SEM G R
Days after transplanting/d Days after transplanting/d
a. W1 4bFE b. W2 4B

a. W1 Treatment b. W2 Treatment

1.4
] %
®He mol2
= £ gt
2 £ 510
=} i g
Kz K208
Z z
063045 60 75 90 105 120 63535 60 75 90 105 120
PN FRVEPN
Days after transplanting/d Days after transplanting/d
c. W3 4bFE d. W4 ibB

c. W3 Treatment d. W4 Treatment

B4 2015 4 REEBEAKF TREHRERIEHRGHDE T
Fig.4 Dynamic of nitrogen nutrient index of greenhouse bell
pepper under difference irrigation levels in 2015

2.4 ETREWRWRILHNEEFRISHT

MAL (7 TS AN R REBE A5 F T AU 540
ULl Ei
N, =10x(=0.0004- 1 +0.197-1-17.830)-DW,o" o (11)

X (1D ATLUE W, K L R AN 2
I ECE FRCIRGL, B RE AR 3G IO R R
Fr IS RE g 5 e 38 I 9d s ke FA, il WY B HE K
A AR R 3R TR R

TR R VAL I e 2 e R M A A P 48 o S 3
hasse (B 5) , W2 BEBACE TR E R CE B m, W
FIW3 ACEFZ TG B 75, Wa KE R 2l B K
T ALK, HLA R KPS OB R it 2 2 b T
N3~N2 (B 150~225 kg/hm?) Z[d], HEEE N2, X
HET NNI (T2 diie—30 UolhE e K544
AR T RO B R L, 7K i & D AT g 2 B A

FO RSN, SRR, K AR TR
SRR TR, Fre 11 BEAK. BL W2 2KSF 40 43 b
IR 25 1 AU A ) B ARURN R0 AL 2 (i)
IR, LA H N2 il & A H ) Z R s N1 AR
(Bl 5b) , Tt B Ay R E T N1 AR (B 1b)
N3 ACFE RO BT N1 AR (8 sb) , Tt I
WA RS N1 A 2 W REER (H 1) , SHEE
SR AT A T4 s RO LB AR i B R, A
FWGL 2 S AR A ) B A, RN
SETCHRI AR A IR AE FR R R, IR AR, H b
Ay AN AR AR

~N,,, NI "oN2-+N3 -»-N4

300 300

250 ° £ 250
g =t

] __;0200 WL 200

§ <150 % < 150

= E 100 = E 100
B B

Z 50 Z 50

08 0
2 4 6 8 10 12 14 2 4 6 8 10 12 14
b A A b LA
Aboveground biomass/(t-hm?) Aboveground biomass/(t-hm?)
a. W1kb# b. W24k 5

a. W1 Treatment b. W2 Treatment

FUTE

N uptake/(kg-hm2)
FUTE

N uptake/(kg-hm?)

2 4 6 8 10 12 14 0™ %72 ¢ 8 10 12 14
iy b A A Hh LA A
Aboveground biomass/(t-hm) Aboveground biomass/(t-hm?)

c. W3kke d. Wakb s

c. W3 Treatment d. W4 Treatment

e Nupie NI T E IR
Note: Ny is critical N uptake.
B 5 2015 F RREIEBEAH TR E MG LHEHEL
RAMZ X A
Fig.5 Relationships between crop total-N uptake and
aboveground biomass of greenhouse bell pepper under difference
irrigation conditions in 2015
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Fig.6  Effects of N application rates on economic yield and water
use efficiency WUE of greenhouse bell pepper in 2015
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Nutrition diagnosis for N in bell pepper based on critical nitrogen model
in solar greenhouse
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(College of Water Resources and Architectural Engineering, Key Laboratory of Agricultural Soil and Water Engineering in Arid and Semiarid Areas
of Ministry of Education, Institute of Water-saving Agriculture in Arid Areas of China, Northwest A&F University, Yangling 712100, China)

Abstract: The unreasonable application of water and nitrogen significantly affects the growth and the yield of greenhouse
vegetables in northwest China, which has raised the need to adjust the crop irrigation and nitrogen (N) fertilizer requirements.
Based on the aboveground biomass, the assessment of crop N status is an effective approach to optimize N management in
greenhouse vegetable production. The research was conducted in a sunlit, ventilated greenhouse at the Key Laboratory of
Agricultural Soil and Water Engineering in Arid Areas, Ministry of Education, in Yangling District, Shanxi Province, during
the spring-summer (April-July) seasons of 2014 and 2015. The site is located at 34°20'N, 108°04’E. There were 4 irrigation
levels (W1: 105%ET,, W2: 90%ET,, W3: 75%ET,, and W4: 60%ET,, ET, is reference crop evapotranspiration) and four
nitrogen levels (N1: 300, N2: 225, N3: 150, and N4: 75 kg/hm?), resulting in a total of 16 treatments. The plant samples at
different treatments were taken 8 times during the study periods, i.e.,33, 54, 62, 72, 81, 91, 101, and 112 days separately after
being transplanted, which were used to measure the aboveground biomass and total nitrogen of bell peppers. The yields of bell
pepper were measured during the harvesting time. Soil moisture was measured before transplanting and after harvest using the
time domain reflectometry. Water use efficiency was calculated by water balance method. Results showed that the total N
uptake, aboveground biomass, yield and water use efficiency (WUE) were affected by the irrigation levels. The diagnosis
results of the greenhouse pepper’s nitrogen nutrition based on critical N model were the same between the model of nitrogen
nutrition (NNI) and the model of N uptake. The optimal N fertilizer were between 150 and 225 kg/hm™, but more closer to 225
kg/hm™. The irrigation levels of 75%ET,and 90%ET, were more favorable to the increase in nitrogen nutrition uptake. The 2
irrigation levels economic yields were 34.14 and 35.33 t/hm* and WUE were 17.07 and  15.30 kg/m’, respectively. However,
the economic yield and WUE could not achieve optimal results at the same time. The aboveground biomasses of bell pepper at
the 2 irrigation had no significant difference when the N application rate was more than 150 kg/hm”. The optimal N application
rates were 194.00 and 192.69 kg/hm” based on the economic yield, while the optimal N application rates were 191.13 and
191.83 kg/hm® based on WUE. Considering the water shortage condition in the northwest China, the irrigation level of
75%ET, (N fertilizer application rate of about 190 kg/hm?) was suggested to be optimal for greenhouse bell pepper production
since it could save water by about 11%, while the economic yield only declined by about 3% compared with the irrigation
level of 90%ET,. The study can provide theoretical basis and technical support for improving water and nitrogen management
of greenhouse bell peppers in northwest China.

Keywords: nitrogen fertilizers, irrigation, greenhouse, bell pepper, critical nitrogen concentration, nitrogen nutrition index
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