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Leached Nitrate in Vegetable Field Under Different Water and
Nitrogen Fertilizer Management Practices
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Abstract: During 3 consecutive years (1999-2001), a field experiment was conducted in an intensively irrigated vegetable soil
in Northern China. The main objective was to study leached nitrate (NO3™-N) characteristics in vegetable field under traditional and
improved water and nitrogen fertilizer management practices during vegetable growing seasons. The soil water content, soil water
potential and extract of the soil solution were determined by a combination of TDR (time domain reflectometry) probe, tensiometers
and ceramic suction cups. The results showed that the amount of nitrate leached decreased because water drainage was reduced when
applied water was reduced. Cumulative leached NO3-N amount under traditional water treatment was 4.4 times and 4.5 times of that
of improved in traditional and improved nitrogen fertilizer application management. When nitrogen fertilizer applied was reduced the
amounts of leached nitrate also decreased obviously. Cumulative leached nitrate amount under improved nitrogen fertilizer
management was 20% and 19% of that of traditional management in traditional and improved water treatments, respectively. The
amounts of nitrogen fertilizer applied were the main factor affecting nitrate concentration in soil solution at the depth of 90 cm in soil
profile. Nitrate concentration in soil solution at the depth of 90 cm under traditional nitrogen fertilizer management was higher than
that of improved nitrogen fertilizer management. In the whole experiment the amount of nitrate leached was 549 kg-ha™X, which was
27% of the nitrogen applied under traditional water and nitrogen fertilizer management practices and nitrate leaching amount was 24
kg-ha™, which was 5% of the nitrogen applied under improved water and nitrogen fertilizer management practices. Improved water
and N-fertilizer management practices greatly decreased nitrate leaching without reducing vegetable yield.
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mg-L?, ARG E 0.6 mg Lt G EE 1 (0~
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1 5755 s N
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Table 1 Main physical properties of the soil in the experimental field at beginning of the experiment
TR iz Liigd HikL HE [FEIHESY/ N A KR
Soil depth Sand Silt Clay Bulk density Field water-holding capacity Wilting water capacity
(cm) (%) (%) (%) (gem®) (cm®cm®) (cm®cm®)
0~30 327 50.2 17.1 1.33 0.337 0.138
30~60 16.4 56.8 26.8 1.52 0.346 0.145
60~90 30.7 476 217 1.43 0.345 0.136
90~120 35.0 46.4 18.6 1.62 0.334 0.140
1.2 K&t 450 kg ha, Ti3Z4 100 kg ha, #%3% 4 309 kg ha;

ARI R FH LK 43 o AR EE, it 5k B A HEL T
HPORI T K E T WL BSEIK o A HECR
FI AR R I I 7 5, — KKy 25~45
mm, {EJ A ZLE W I, #EKESS 5~20 mm);
W2: ALK 3 AL ], RIOREE T3 S K E AR A K
A3 KR (K] 50%~80% (R AEKAT 3 /K =
HEE KR ES KR, Y HES KRR TEYA
KA 2% - 48 5 7K B (1) 50% I I U /K A R 3
TR 80%. Lt A 35 P L ANF ) AR e Al et 22
£+ AR TDR (time domain reflectometry) 5 138
TOKEMTE . BFERFMFEMEWNE 4 PR,

BB N1 B4t a, EARsEalsA

x2 TREMHIRLEMERE

N2: bz, 4% 5% (N-Expert) fifiel,
TR MR R WR 2 . Sl a2 HLae
Rt o I PRy it P 2 204 ] (il FH 2 L3 3)o 5 /N X
[ 12 mx12 m, EAAEEES 3R, DX OAEEY
i 1 R, A% R MP-917 I 38 S SR

(TDR) %34 0~120 cm Ak 3585 /K B34 T W,
T 5K S e AR 75 em A1 105 em ) a3 R,
TDR Flak Jyit4E 2 d Wl5E 1 7. #6144 90 em b4 ¥
RS, AL e 2 R LR, FIHESHRS)
ST (TAACS2000) ll5E I ) NOg-N ¥k
JE o /DRI R SR A T HEBE

Table 2 Nitrogen fertilizer applied in different treatments and different years (kg-ha™)

IS ZEEN E S ] wi W2

Vegetable species Growth time N1 N2 N1 N2
J3€ Spinach 1999-8-31~1999-10-21 309 82 309 82
1M Cauliflower 2000-4-3~2000-6-6 450 166 450 84
Vi3 Amaranth 2000-7-1~2000-7-28 100 26 100 26
#3% Spinach 2000-9-4~2000-10-24 309 81 309 84
1EMB3 Cauliflower 2001-4-13~2001-6-6 450 110 450 62
Vi Amaranth 2001-6-24~2001-7-22 100 - 100 —
J3% Spinach 2001-9-6~2001-10-29 309 126 309 99
i Total 2027 591 2027 437
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4%  TDR #3k TDR probe

O % Jsit Tensiometers

I\ RIS Suction cups

E1 PXABESUFRRETEE
Fig. 1 A map of the experimental plots and the installation of TDR, tensiometers and suction cups

AL 1999 4F 9 H A 2001 49 A, JiFf 3 4.
1999 ¥ JE A1 Hi 7 W=k i, 8 J1 31 HHF UG AR 5 ¢
2000 4 FH 2001 AP AH Y. (1) 2= 5 AR IR B A AR A
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*3 TREFEMANRFG. HEERE
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Table 3 Organic manure, phosphorus and potassium applied in different years (kg-ha™)

ER M3 Cauliflower FE3Z Spinach
Years #HUAE Organic manure P,0s K50 HHUE Organic manure  P,0s K,0
1999 3000 0 0
2000 5000 0 214 KcClI 0 52 Ca(H,PO,), 149 KCI
2001 8 000 180 Ca(H2PO4)2 263 K,SO4 0 52 Ca(H2P04)2 224 K,SO4
BHNES R 2R 9H 17 kgha® (N), 41kgha™ (P,0s), 22.9 kg-ha™( K,0)
The contents of total N, total P and total K in organic manure were 17 kg-ha® (N), 41 kg-ha™ (P;0s), 22.9 kg-ha™'( K;0), respectively
1.3 FHEREMIEERITE 2
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cm in soil profile

7E 13 90 cm A1) NOg-N Wkt Ly nlidid LA R
NI
Ly =D-Cy, (4)

A, DO A (L) THE A 90 em ALK 435
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IEFE A4 90 om AR AE N THE G SR K 3 T
NOs-N Wyt S e ks gk A KNI R 2 fE T
14 90 ecm LA A5 117
2 HRE5SH
2.1 kagRE

3 MgRAKIH AR & B E SXOK BN
HWE 4 Pron. HFEFEEACEES, ALG0K 0BT iR
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Table 4 Precipitation, irrigation and drainage water at the experimental site from 1999 to 2001 (mm)

A4 B Rée W 2 w1 W2
Years Vegetable species Rainfall B i Drainage T 5 & Drainage
Irrigation N1 N2 Irrigation N1 N2
1999 JE=% Spinach 65 176 86 72 79 18 22
2000 TEAB3E Cauliflower 45 294 86 27 209 5 4
=% Amaranth 151 86 79 16 68 20 7
JE=% Spinach 66 128 97 26 89 27 14
2001 TEAB3E Cauliflower 22 290 134 52 220 11 8
=% Amaranth 69 107 76 32 74 13 6
JE=% Spinach 53 123 7 51 85 32 13
Bl Total 470 1205 635 276 824 126 74

IR 45 FIR R, [R]— 7K 2 bR AN [ e 2 A
KB R A o T8 e R IRIL AT RE
JE R i AR M AL B N2 B3 AR R 1K K B AR K
A R ART N, A N2 AR FR B A K RE
AKEI RGN WS B R EAREE T, Rk ZEN
HAHBAKIZES .
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s A4 B R) 22 AN K o BEAE RIS TA) R SE G, AL 2000

SRS 3 F TG, 4k 90 om ALK 3V NOS-N

SR P T a3 v it U S LT NOS =N

PRIV o DA N1 Ab 3 NO5-N 403k B85 e, 43 ) o 94.8
A1115.3 mgL™, 1 N2 ZbFE NOy-N V-39 & W] B 4%
i, 4351k 48.6 F141.2 mg-L™ (£ 5), HMNFE 5i60]
FHil, M 2000 FERAEEE 3 FEESFAG, N1 AbHE
W2 AbPE NOa-N P33R & 34 T WL A # R 1#) NO3-N
SPRIMRIE . XOEHT NL AEEF KR A, 5
Sk S NOg-N 7% B I i, WL A B (1 e /K
O, KB NOg-N k2] 144 90 cm LR, 1M
W2 Kb BRHEBE /K S, SUEKEL Y NOg™-N 5% 1 1-90 cm
PLEd 2. PR K, FIERARE R, Jf
AR Z R 90 cm LA + 2k, Kk, b
PR AEBR A 3G 0, it A HE /K AR N 144 90
cm AR NOg =N P53k 5 5t iy o N2 AR FHE AR 48 5
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Table 5 Nitrate concentration in the soil solution at 90 cm depth during the growing seasons (mg-L™)

by B w1 W2

Years Vegetable species N1 N2 N1 N2

1999 J3% Spinach 20.9 145 12.2 135

2000 1E#F=% Cauliflower 68.6 44.9 30.1 18.3
=% Amaranth 106.6 38.7 117.7 37.8
J2% Spinach 85.6 68.5 175.3 53.0

2001 TEAB3E Cauliflower 120.3 62.1 1335 59.4
Bi2E Amaranth 106.9 31.2 139.2 31.9
JE3% Spinach 154.9 80.2 199.3 74.8

T3 Average 94.8 48.6 115.3 41.2

SRR A E N e T, 7E Bk NOg-N
U B ARG, 44 90 om Ab 3BV P ) NOS-N
PR AR

2.2.2 Gk NO3-N BRUMIEE  freikEKIN
P, 144 90 cm &b NO3-N (1) BBLARGE R AME S5 8 2 e
B A OC, 1T HAZ A= (R 6). Al —Hli %
A 3 O S AR A T B PR R SR TR UK 4B

FHI NOs-N Ik yE R . N1 ALFIF N2 AR W1 &b
PRI 2 NO3-N W40 il & W2 b BRI 4.4 £5F1 4.5
£ o FEIA—7K 73 b 3R B 20 (19 0, NOg™-N ()
MU 3. W1 AbEEH ) N1 463 NOs™-N ik
Vet N2 ARFE 5.0 £5. W2 AbERAR) N1 AbEE R
NO;-N [FbkE R & N2 AbEE) 5.3 £, L, FAECHtAUR
] W S PR S 3H 90 em Ak NO3-N [ BRI &

6 IR 90 om 4k NO.-N B ZFLHEE

Table 6 The amount of NOy-N leached at the depth of 90 cm during the growing seasons in the vegetable land (kg-ha™)

EAy i aLiEN w1 w2

Years Vegetable species N1 N2 N1 N2

1999 J3% Spinach 22 11 2 3

2000 1M Cauliflower 64 12 6 1
i3 Amaranth 96 6 22 3
J3% Spinach - - - -

2001 1M Cauliflower 164 33 13 5
3% Amaranth 83 10 18 2
#3% Spinach 120 37 65 10

M3l Total 549 109 126 24

TERI N, AEZE KA BT R 1 NOs-N [ 5 PRI 2K B

VG IL 549 kg-hat, (EFTA AEEEF A f i, R4t
R 27%; ALK S BT 50T NOs-N R AR
WA 23 kghat, HEARZE 7T NOS-N 1 RBLRYE
TR T 525 kghat, ARG EUR [ 5%, BEIILEER
SR AT AL A I R 2 W) S PR R

F1 TEFEHEFENTE
Table 7 The yield of vegetables in different years (t-ha™)

2.3 HEr2
% 7 770, % 2001 4F WIN2 AbH (R eRp e =
D E AR, RS RSB R () = I AR IA B
|SN =}

ZES A WHIEARWIG 40T, UL RERE AN
il B AT R B S

oy BT B3R Yield of vegetable

Years Vegetable species WIN1 WIN2 W2N1 W2N2

1999 #3¢ Spinach 16.3a 14.4a 18.0a 16.9a

2000 1eMi=% Cauliflower 234a 19.6a 215a 19.8a
3% Amaranth 14.3a 13.7a 13.1a 15.2a
W% Spinach 348a 329a 33.1a 325a

2001 1eMi=% Cauliflower 19.1a 16.0b 19.1a 18.8a
3% Amaranth 22.8a 18.9a 229a 214a
2% Spinach 37.3a 35.6a 37.3a 315a

[ —Fh A [l BER R 5%7K 2 7 i 2

Value in a column by different letters indicate the significant difference at 0.05 level



1854 EY &l RO 38 %

3 it

RELEENEMITE, [FR SR ATGr
BERCMA T B REREAOV I &, NOs-N ¥5 4% ELk,
S G IR Fe 2 — o NOg-N y5 4« %
AN RAFIHZ): B3R e, i KR
5% FA 1) NO3-N.
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AT, A& 40K oAb B 5 A K 3 A BEAR LG,
NO3™-N [R5 B SR8 o 70 B SR A PR ad e
R e B AKIZHE, B TR MK BIRER
N, TTINK T NOg-N Ik X Ry A
A3 NOg-N IR RS, 1 FLYR %% 7 R SR 1
KGR AR, 3 S K ERFRE RS K
HIA 2% 35 K= 1 50%~80%, #isiersm)f K52 %
BRI REI,  BRc AE KM P T 29EBE 7K 831 mm,
I HA 7 7 NO5-N k.

i A R NOs-N [k B &, Jili%(
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B T E K sk BN, AR NOs-N 5%
BT AN, 45T NOS-N HIkvE MG, X —45i8
TEVFZ W A3 SRE MY, ZEACRIG 400, R
RELTEARBRI AR AL, ARGk
A B SE LA K 3 A BE A, NO3-N ke 38 Ky 548
WE R AL IE R 20% 44 . AME PR R E #k R,
T HR KB AR VIR e FH &

NOz-N V5 45 Rk AR = 2 ] 1) 0% F & % A ] 43
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GiKEEFARLG, PoA/K A BN i NOg-N ¥k
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