5 35 55 6 ] FEHXRLHFR Vol.35 No.6
2017 4 11 H Agricultural Research in the Arid Areas Nov. 2017

X E 475 :1000-7601(2017)06-0166-07 doi: 10.7606/j.1issn. 1000-7601.2017.06.25

KEREAGFRBIEREXHESR
%5 Z2RFMm
I, AL R

ORI TR AK AR 5 TREBE, 1P 5 030024)

B E: N THRARMAAAEN L EHAALIHRERN Y H, E T HAEAE(375.750 m*-hm=2) |
=N AE K F (100,300 kg hm™2F2 500 kg hm=2) 41 7% 6 K R4 &, HATH LB R, FFEW KANLELE
BT HERO~60cm) I EHSEAT AL ETHALRRELZRLE, RAMMELEH 0~60 cm LHEHA
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Effect of irrigation and nitrogen treatments on nitrogen migration and
accumulation in soil phase transition during freezing-thawing period

LIU Shan-shan, ZHENG Xiu-qing, CHEN Jun-feng, WU Bo
( College of Water Resources Science and Engineering , Taiyuan University of Technology, Taiyuan 030024, China)

Abstract: In order to study the influences of irrigation and nitrogen treatments on soil nitrate migration and accumu-
lation during freezing-thawing period, nitrate transfer experiment was conducted in freezing-thawing period under six irri-
gation X nitrogen treatments of two irrigation levels (375,750 m®+hm~2) and three levels of fertilizer application (100,
300, 500 kg*hm~2). The results showed that fertilizer and irrigation significantly increased the nitrate accumulation of
the 0 ~ 60 ¢cm, and the accumulation was significantly different. In unfrozen and frozen stages, accumulation amount at O
~ 60 cm layers increased with the increase of irrigation level and nitrogen rate, and increased with the increase of the fer-
tilizer during thawing period. Nitrate accumulative area moved down from 0 ~ 30 ¢cm to 30 ~ 60 cm in the prophase and
anaphase of freezing. Nitrate migration amount was increased with the increase of irrigation level and nitrogen rate, and
the migration effect was obvious at N500. Pre-period of freezing, with the increase of irrigation level, relative nitrate ni-
trogen of soil in 0 ~ 30 c¢m layer decreased, and that of soil in 30 ~ 60 c¢m increased. Relative nitrate nitrogen of soil in
0~ 30 cm layer increased with the increase of nitrogen rate in freezing period, but decreased in 30 ~ 60 cm depth. In
thawing period, relative accumulation of nitrate nitrogen in 0 ~ 30 c¢m soil increased with the increase of nitrogen rate,
but decreased with the increase of irrigation level, while the 30 ~ 60 cm soil layer showed the opposite laws.

Keywords: irrigation-nitrogen treatments; freezing; thawing; nitrate nitrogen; soil phase transition; migration; ac-

cumulation
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A RGP AR T2 s R 0 O Rk
XHAERS . R TR, Bk, £k Mz shiE
I E RS R A, ol R EHE REER
KT RPN B AR, B LA K IS S T
BRI HESA S B ANEEENE R, [
I, R 2 ) S R B A, A AS R DA R g A
DLVE, URAS SR R R P AR S 0 1 SRS, 12
2R IR G S A, T BRI R P A
FUKAE A G T RE SR e R 257 H
BT, E A2 B AR R A R A S R R
PO T PR 1 AEL R R A 5 7K R
B T AR R S AT B BB RO
ARSCVIASE TR PR i 7 3t R ) L 9 4 K B R X
AL, AR EA DR AR A A T ARG ZREL £
B RS R R EBULAE, b Ty R HE X i
"B U B R FUKAE A 255 8 B (RIS S0

W e

1.1 X5 XHEER

R T 2013 4 10 H £ 2014 4 3 ALEINTEE K
Ji P o 20 0 R R 4 2 PSR X Betf A T i b e
WIGLET 11 Ha), 12 A 10 B G H3Edossdss 1
T AJHE KR E RG22 K BH v R S RN IC 2 i sg B
YERsZm 2 AN A2 S gL, 3 g s 5
T o AR R XA A FE AR A AR R Rl R R
BEAVRRUI 73 ARG (1L H 17 H—12 A 8 H).
HEH (12 H9o H—1 H 19 H) HR4EH 0 A
20 H—2 H 27 H) MR (2 H 28 H—3 H 16
H), a6 30 1] £ 5 fe R ZRE5 R 58 em, FEK &
FAEHTE 11 H 8 HAI 1 H 10 HATJG, BN =451
2.4 mm F1 3.5 mmo G0 5EHE 1 5Tl LASE T A

TAEE R E MR K RS FE 1.0 ~3.0 m
Z 18] o R DR AR R, DI IR EEZY 30 om,
B 1 AR BN, RN 10 em A4
EE LI )2, REIZAVURE R, 731G FEE 10%
A pH 2 8,28 0.1% , 4 0.089% . %
] U 43 A 3k 0 ) T 45 1 2 OB B A BLT
B K FREE AT BRI 2 40 BT, A5 R AR 1 R .
1.2 RIwigit

TR M B A R K, PR R 2400 500 1
FR-hm™2 . BKUCE XK H R T BRAE - Hb o
HH 30 em /5 .40 em a9 HEE43EN 3 mx 3 m )
RIE/NX NXZEEEL 1 m PAFTILE, K
DA RPE IR 2N AL &R i g o B g ik 7K 1
REVEE ZR AR R E TR R 8 H 58 2Rl T /K 5 B
TR ST H o AR R 2013 45 10 H 25
Ho WEKIG, K3 #5 R 2 78 T 38 50 i i 47 00 A
AV v B PR AR KT R e 4
XA, 4t 6 ASAb B, DL A FRAR H ok ) IR, A5
HEWE3IANEE, L 21 MRK /DX, ERKHA
RIBENLHES 77X KRR BT 3R 2,
1.3 HRRERINE

ZR BRI 5 M G 2R 5t , 1056 i s
MR BT BCA 2013 4F 11 H 2 2014 4= 4 H o WY 3=
BUE Sy H IR KPR SR KU R [ K R
T URBESE . W] 2 R K 1 7F 8:00 AR/ 19:00

T b e A FE it A I (B 20k 10 20 H HEEE
o HHOK B A A —E R B R A i .
TS ZUR AL EURE 2 43 51 2 10,20.30.40.,50., 60, 80
em 1 110 emo 35 A VR Fill B B2 L 38 B[] 0 2R 4 7 R
FELBFEH I M 11 H 10 H 12 H 1 H 12 H 22 H .1
ANNHAOA1TTHIA2H2HA16H3HA1H
F3H15H B A R El o IR B9k 4 R A I

x 1 AEMRERE T IRRR
Table 1 Soil properties of the tested plots

+HERAE/mm % LA TIEWIIG
- A ;

FHREE/em AL % Soil partical size . ik . FIRAES %
. . Soil texture Bulk density o

Soil depth Organic matter lassificati _3 Soil initial

< 0 002 0 02 ~ 0002 2 _ O 02 C asslhcatlon /( g' cm ) water content
0~10 10.2 31.2 30.3 38.5 BT+ Loamy clay 1.12 6.5
10 ~ 20 11.8 27.1 31.8 41.1 ¥ %+ Loamy clay 1.12 14.8
20 ~ 30 8.3 33.6 28.9 37.5 TR+ Loamy clay 1.45 16.7
30 ~ 40 5.7 46.3 37.0 16.7 Fit Clay 1.45 17.8
40 ~ 50 4.6 38.5 29.8 31.7 HZ £ Loamy clay 1.37 20.9
50 ~ 60 3.3 4.3 40.0 15.7 BT+ Loamy clay 1.37 19.4
60~ 70 3.5 46.9 41.6 11.5 Fit Clay 1.46 20.3
70 ~ 90 2.5 43.0 32.6 24.4 T 1 Loamy clay 1.40 18.7
90 ~ 110 2.0 35.2 31.3 33.5 HeiZl £ Loamy clay 1.47 18.6
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Table 2 The experimental design

K& it AT
45 No. Trrigation amount Fertilizing amount
/(m®+hm~2) /(kg*hm~2)
NoWo 0 0
Nigo Wizs 375 100
Nigo Wizs 375 300
Nsoo Wizs 375 500
Nigo Wso 750 100
Nigo Wso 750 300
Nsoo Wrso 750 500

[ 4 8:00 ~ 10:00, 45 )2 3 AL I a] 5 FH
6 B HL FREFREL 6.000 g, JITA 50 ml mol- L~ KCI
TR IR, 22 AA3 U 8237 3h 43 M S0 5 18
PSS A S .
1.4 HUIEHALE

IR AR R = RS A S E x &
HRE x HJRERE/10

FIXF R = G — 2SR Rl /%
A T A R BB ) x 100912
2 WIS R

H P AR YR 0 0 (7] A A BEAR M [ SR R RICIR S
TR R EEIRE LM E 58 ecm, H 0~ 30 em 3
JE SR it I I 5 M 5 Ry SR B, A SR ISR
AFEZK A A S T REGAHAZX (0 ~ 60 cm) S AHE
JZ(0 ~ 30 em) RHERSAE A A0 B REUFOL
2.1 TEWISEEE

WA Va i , 55 F A 2 20 ZEBE VA K
TR, F2 EHOAR P S A b T2 LR i
BURAE T 3% BETR RGN, 3R A A B
D TR 30 em AT IU/IME . HIE 3 AT DL, Nygo
NaooFH NsgoTE Waso T 0~ 30 em T3S A A & i 0 ]
g 11.45.13.15 mg- kg™ 'H121.60 mg kg™, 7E Wyys
SR 14.18,15.53 mg - kg™ 1 16.36 mg- kg™ !
W750$H W375T£ Nlm‘Fﬁﬁﬁ/ﬁgiﬁ\%Uﬁﬂ 11.45 mg*®
kg_l%ﬂ 14.18 mg* kg_l,ff: N300Tﬁ%”j‘] 13.15 mg*
kg™ 11 15.35 mg- kg™, 7E Nsoo F 4354 21.60 mg-
kg™ "1 16.36 mg- kg™ ', T NoW, filf & & & = ALK
5.90 mg-kg ™!, T I 4% A0 B 4t e Al 25 RUKOF B
T NoWo, HFER—#EK &, TSRS EHH
P I I B 0. 7E Nygo M1 Nago 5514 T, il S 4
B i Y B KRG IR D (B TE Neoo 55448, 1l
B G A E K BRI misg . X B K

RN, I A R A R R IR AN S A R
M 30 ~ 60 em FJZF, Nigg  Nago Fl Nsgo 76 Wi ¥ 1358
AR SRS BN 15.57.16.66 mg-kg ' Fl 17.27
mg-kg ™1, E Waps N 4358 12,78 ,11.82 mg- kg™ ' Fll
10.30 mgrkg ™' WosoFl WapsTE Nygo TSR & i 43
M 15.57 mg-kg™ ' F1 12.78 mg-kg ™', 7E Ny F 4351
4 16.66 mg-kg™ 'F1 11.82 mg-kg™ ', 7E Nsoy F 53514
17.27 mg kg™ "F110.30 mg-kg ™', 1 NoW, Hibkt 30 ~
60 cm iAA E AN 4.15 mg-kg™'o BEH] 30 ~ 60
em PSR S E 0 & 5 TR UE KRR, LR
KRR T BE A0

ZG, TR B VR ZE RS, R IERIX
VTR AL TF AS BAEURES A TR 1800 B in ik Joa 4 i
] LR X AR RS AR oA b o an &l 1h F 3 AT
L RZE AT Nygo « Nago Al Nsgg 7E Wasg N 0 ~ 30 em +
R AR SR 18.36.21.74 mg-kg™ ' H1 32.30
mg-kg ™1, TE Waps N 43518 17.25.20.04 mg- kg™ ' Fll
26.40 mg-kg ™' Wisofl Wyps7E Nygo N AR & =5
4 18.36 mg- kg™ A1 17.25 mg-kg ™", 7E Nagy F 4371
4 21.74 mg-kg™ VR 20.04 mg- kg™, 7E Nsoo F 43900 H
32.30 mg- kg~ 'Fll 26.40 mg- kg™, NoW, HiEt 0 ~ 30
em SR SN 13.68 mg-kg™ ', BiHH 0~ 30 em 1
RS E S BB K BRI ., HAEXE
FAREM,0~30 em TIEAA RS 103G 185 R W]
2, NigoNaoo Fll Nsgo £ Waso = 0 ~ 30 em 34 1 43 51y
6.91.8.59 mg-kg™'Al 10.70 mg kg™, 7E Wyy5 4351
9 3.07.4.51 mg-kg™'A1 10.04 mg- kg™, NoW, fi§ 2%
R B 7.78 mg-kg ™!, FE MRS R 0K 2 il
SRS 5 e 20 1 0% 39 0 T 15 I, 24t S £ Ay
500 kg hm ™2, IS ZEBACR B %

RS0, 45 Ak P 285 R0 ) T S O B0 v
P 1) o Woso il WasE Nsgo I 0 ~ 30 em IR
BTN 45.55 mg-kg™ ' F130.74 mg-kg~', &
TREETTIA S BN T 41.029% F1 16.44% , T et Ak
AR . VLT 500 kg* hm ™ 2B, A AR A
VKA B BT T TE Y I (B) S, & 3 n . BfE 7R
SEE TR )R R, 60 em RLTF R XS S AR TR
AWM AT RS 2 30 ~ 60 emo H13E 4 AT AT, Nigo Nago
FI NsgoTE Waso T 30 ~ 60 em HIEFE S & =09 R
14.40,15.89 mg-kg™ "H127.16 mg-kg ™', 7£ Wys [ 43
Bk 11.55.12.75 mg-kg ™ "A1 17.19 mg-kg™'s Wi
F1 Wars7E Nigo N AHASZ T 50510 14.40 mg- ke ™!
F11.55 mg-kg ™", 7E Nygo F 405020 15.89 mg-kg ™'l
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12.75 mg-kg™"', 7€ Nsoo F 435K 27.16 mg- kg™ ' il
17.19 mg-kg™', NoW, bk 30 ~ 60 em A2 A & =AY
7 3.86 mg-kg™ ", UMK AL I E G AN 30 ~ 60 em
RZMHAS RS &, HRE KR A=A, mAA
SR, AT RS BeRi i, R Z 30 ~
60 cm A AR f G I AL B W I, Nigo + Nago Fl Nsgo 7E
Waso A A AL & B 1 3G 08 23 4 1.71.3.64 mg -
kg™ 'F19.58 mg kg™, 7E Wyys [ 439 °01.52.2.83 mg
kg™ RN 8.18 mg kg™, M NoW, iHA A & &34 IR N
~4.62 mg-kg ™, ULIARSS J5 WIE K & — 2B, M
R A M T ARG RS T A S A 30 ~ 60 em +
JBiER . LEERFE , RS B P R A A X A R
BRMITINT £ 2T VR 45 0 ) T 1) & i
o BAVREEHIN Nigo Naoo Fil Nsgo £E Wizso T 0 ~ 60
em P S A S50 15.08.16.83 mg- kg™ ' Fl
30.65 mg kg™ ', 7E Wys N0 514 13.96.15.63 mg-
kg™ VR 20. 84 mg- kg™ !, Wyso Fll Wygs 7E Nyjgo ™ 0 ~ 60
em FYASZ S T ME 2 51 15.08 mg- kg™l 13.96
mg-kg ™', 7E Nygo 0514 16.83 mg-kg ™ 'l 15.63 mg
kg™, 7E Nsog F 43524 30.65 mg- kg™ ' Fll 20.84 mg:
kg™, T NoWo BN 871, BE/K Z A &35 n,
HREEHIN 0~ 60 em 3R AR EIE N,

TH R AR B BB IR B R S5 HTAKF, +
RN ZRZ TS E S B I RUKZE R B3R AR

FHVEHI A A S” AR A (] 1d) , LA 40 em A FH7E 148
RIZHC)ZIE LS IX . 3 4 ATAl N0~ Nago Fll
NsooE Waso ™ 0 ~ 30 em filf 2 & & & YW AE 5 9
20.11.31.88 mg- kg™ 'l 34.83 mg kg™, J& NoW,
1.23~2. 14 f%, 7€ Wys F 43510 17.02.22.38 mg-
kg™ 111 38.80 mg- kg™ ', 5 NoW, i 1.04 ~ 2.38 £i%,
Wisofll Was 75 Ny I AH S A& #4090 20. 11 mg-
kg 'F117.02 mg-kg™"', 7E Nygo I 43514 31.88 mg-
kg™ 'H122.38 mg-kg™ ', 7E Nsoo 4351 34.83 mg-
kg™ 'l 38.80 mg- kg™, VLA [R] — KT R, R 2
A A TR o Y (R e SR A 3 . 7E
Ny N300%ﬁ:1: RS R B e A Bl 7K 1 o i 1
T ABAE Nsoo 251 T, B8  1at Y{ Bl /K 15
/N 30 ~ 60 em A 1) T i 25 BN 0] 7% 1 3 %
L, AR B AL T S A S B AR TE 16.75
~20.73 mg kg™ ' Z[A], ZFEN,
2.2 ITEWTSEERE

B 5 AL AR A A T HIEMSA
SRR AR L AE 112.07 ~ 162.73 kg hm =2 2Z 7], J&
NoWo 19 2.82 ~4.07 %o Ny Nago I NspofE Woso 0
~60 em T HEAE A A BFE0Ch 120.28.124. 68
kg: hm=2 fl 162. 73 kg * hm™ %, £ Wys F 50 5 K
112.07,112.25 kg*hm =2l 114.01 kg-hm~2, W5, il
Was 7E N Nigg FO ~ 60emfi AR 2 &= 05K

R3 AEPMELIHARRKEAEEA TIEIEHSERE (mg kg™ ')

Table 3 Average nitrate nitrogen content in the soil profile under different irrigation-nitrogen

models during the non-freezing stage and frozen prophase

AU K] Non-freezing period

YRZE AT Prozen prophase

v
Soil depth Waso Wirs Waso W35
Jem NoWo NoWo
Nigo Nano Nsoo Nigo Nano Nsoo Nigo Nigo Nsoo Nigo Nago Nsoo
0~30 11.45a 13.15a 21.60a 14.18a 15.53a 16.36a 5.90b  18.36a 21.74ab 32.30a 17.25ab 20.04ab 26.40a 13.68b
30~60 15.57ab 16.66a 17.27a 12.78ab 11.82ab 10.30b  4.15d  12.69ab 12.25bc¢ 17.58a 10.03bc  9.92bc  9.0lbc 8.48c¢
0~ 60 13.51a 14.91a 19.44a 13.48a 13.68a 14.33a 5.03b 14.53a 16.00a 24.94a 13.64a 15.48a 17.71a 11.08a
T A=A TR FEERR « =0.05 KF 2R 8%, T,
Note: The different letters in the same columns mean significant difference at the 0.05 level. The same as below.
x4 FEREMEMARRKAASHS TIEIEHSEASE/ (mg-kg™')
Table 4  Average nitrate nitrogen content in the soil profile under different irrigation-nitrogen
models during the later freezing and thawing period
- HEE G Later freezing period T Bl Thawing period
v
Soil depth Waso Wazs Waso Wazs
/cm NoWo NoWo
Nigo Nao Nsoo Nigo Nao Nsoo Nioo Na Nsoo Nioo Na Nsoo
0~30 16.74cd 19.40cd 45.55a 17.0led 21.39¢d 30.74b  11.82d 20.1lab 31.88ab 34.83ab 17.02b 22.38ab 38.80a 16.30b
30~60 14.40b 15.89ab 27.16a 11.55b 12.75b 17.19ab 3.86c¢ 17.26ab 20.73a 17.93a  16.91ab 16.78ab 16.75ab 11.69b
0~60 15.62ab 17.65ab 36.36a 14.28ab 15.77ab 23.97ab 6.34c¢ 18.69a 26.3la 26.38a 16.97a 19.58a 27.28a 14.00a
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——— NioWrso ———— N30 W50

——— N3oWayss ——&—— N5poWags

1
Fig. 1
120.28 kg*hm™2F1 112.07 kg*hm ™2, 7E Ny F 2351 K
124.68 kg*hm™2F1 112.25 kg*hm™2,7E Nsoo N 2351 K
162.73 kg hm ™~ 2F1 114.01 kg*hm ™2, 387K AL H 2
FHEIN T BHART 0~ 60 em IR S A BFE, HLEf
KRR I3, - S A A B A
NIOO \NS()()*H NS()()%E W75()‘F O ~ 30 cm j:igﬁﬁ%;ﬁ*ﬁxﬁ
SRR B K 45.30% .48.58% F1 50.07% , 1E. Wags
T4k 51.80% .55.00% A1 66.03% o Wiso Fll Wigs
TE Nigo 0 ~ 30 em fiFf & & AH X B 5 4 5 K
45.30% F1 51.80% , £ Ny F 43 5] Ky 48. 58% Fl
55.00% ,#E Nsy 43512k 50.07% F1 66.03% , 15
Woso ok I 28 )2 6l 245 A AR X B2 R8I, 30 ~ 60
em 2R HIF—HEE T, AFKEGAHZ
[i1) - S 2 RURE X SRR o ) 2 (0 i R0 P St P 38
[[iE:HI
UREE W TR UR S5 A ] 0 8 0 B 3 i O 2P
R kRN . MRS UL, FRESATH 0 ~ 60 cm
T RS R BRI 109,18 ~ 201.60 kg hm™?
ZIA] 2 NoWo 19 1.29 ~ 2.38 55 Ny Nago Ml Nsgo 7E
Woso I 0~ 60 em HIEASASA R F 5300 127.05,

—%—— NsooWoso

fiti &% & 1% &/(mg ' kg™")
Nitrate nitrogen content

0O 10 20 30 40 50 60 70
20
40
60
80 (b) ST
Frozen prophase
100
THE&AE S /(mg kg™
Nitrate nitrogen content
OO 10 20 30 40 50 60 70
20
40
60
80 (d) VK )
Thawing period
100

——a—— NyWiss

NoW,

FR T IEREHESESH

Distribution of soil nitrate nitrogen in freeze-thaw period

131.83 kg*hm ™~ 21201 .60 kg*hm ™2, 7E Wy5 N 43501 K
109.18.,122.16 kg*hm™2F1 137.07 kg-hm™2, W50 Fll
WissTE Nigo I 0 ~ 60 em AR R FLE 5 127.05
kg*hm =21 109. 18 kg*hm ™2, 7E N30 F 43512~ 131.83
kg*hm™2F1 122.16 kg-hm ™2, 7E N5 I 43514 201.60
kg*hm =21 137.07 kg-hm=2, Bl/K & A3 0,0 ~
60 em TIEAHAA BRI RIEIN . NigoNago T Nsgo
TE Waso I 0 ~30 em IS A B AR R 5510
52.79% . 59.26% Fl 64. 68% , 1t Wys N 43 5 K
61.15% .65.33% 1 73.45% o W50l Wyys1E Ny I 0
~30 cm i & A A X 2B & 55 52.79%
61.15% , TE Nygo I 3514 59.26% 1 65.33% , 7E Nsgg
TN 64.68%F1 73.45% . VEHIARSSETIA 0 ~ 30
em 2R S AT SRR S B it S S %) 3 o g 3
30 ~ 60 em 2 WFEAL. (AF—E&ET,0~30 em +
SRR AN RURE O SRR s T i 4 K A P G I g B AR
X5 ERAT Wosolb HE 0 ~ 30 em - 3FEAH A Ak K 5
BKRAR, B, KA HES A R &
B B R . AR 6 TR, 0~ 60 em A A R
AR ALAE 120.13 ~ 237.53 kg hm ™2 2Z [f], & NoW,
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f)2.48 ~4.91 % Ny Nago Fll Nspo7E Waso N 0 ~ 60
em TIEGH A A BB 4300 130.75.146. 78 ke
hm =21 237.53 kg*hm™2, 7€ W5 43504 120,13,
138.83 kg hm~2fl1 190.63 kg*hm™2, Wiso Fll Wyys 7E
Nigo I 0 ~ 60 cm fiff 25 A R 5 43 5]y 130.75 kg
hm~2F1 120.13 kg*hm ™2, 7€ Ny F 435514 146.78 kg-
hm~2F1 138.83 kg*hm ™2, 7E Nso F 43514 237.53 kg*
hm ™21 190.63 kg hm ™2, A [FZK & & A3, 0
~60 em 1 ZHAR R EIE I, H &AL A S A
ZREZEF B E . NN Ml Nsgo7E Woso F 0 ~ 30
em IR FARNT BFE 7 51°h 48.20% .50.33%
F162.33% , TE Was I 4390l 4 52.51% . 54.71% Fi
63.74% . Fififita U5 A3, 0 ~ 30 em )2 A A AU
X BRI, 30 ~ 60 em +Z A . Waso BT Wigs
FE Nigp B 0 ~ 30 em filf & 0 AH X B B 2 5 K
48.20% 1 52.51% , 7E Ny F 435 A 50. 33% F
54.71% ,1E Nsgy R 43510 62.33% F1 63.74% ., [i]—
JEET , ANFEHEKE 0~ 30 em A S E MY 2R
FHZEEUN

R 6 AT UL, A A RK A EHA T 0~
60 cm TIEMHER R ALLE 102.09 ~ 162.73 kg
~hm =2 ZJA], & NoWo B 1.24 ~ 1.91 4% . Njoo Nsgo FH
NsooE Woso B 0 ~ 60 em T IEAE SR R E 5978
114.75.158.78 kg+hm™2F1 163.53 kg*hm ™2, £ Wy
435k 102,09, 120. 38 kg hm =2 Fl 171.07 kg
hm ™2, Wisol Wags7E K Nigy N 0 ~ 60 em Al 25 2

3914 114.75 kg hm ™~ 2F1 102.09 kg* hm ™2, 7E Ny
4352k 158,78 kg hm =2 Fi1 120.38 kg*hm ™2, 7£ N5y
T34 163.53 kg hm~2H1 171.07 kg* hm~2, )i ]
TE[F]—HEE KT, 0 ~ 60 em Al 25 20 2 AR i Bl AT
AU3EITTHE IN o 7E Nygo B N 2510 F, i S A R
I B K SIS ARAE Neoo 2510 T, iR B
55 [ P 7K 3G T A A U8/ e Nygo  Nao FHl Nego 7E
Woso I 0 ~ 30 em - 38 il 25 A AH X 2 A 1= 43 0
50.57% . 52. 23% M 66. 32%, 1E Wys K 43 5 N
54.11% .55.77% 1 73.30% o WosoH1 Wyys1E Ny I 0
~30 cm fif & A AH X R 55 50, 57% F
54.11% , 1E Nygo 2514 52.23% F1 55.77 % , 1E Nsgg
T35 A 66.32% F1 73.30% . i B3 Al 2K A Ak
BEHbIR 0 ~ 30 em - JZ A A5 AU X 58 AR o Bl it L o
(AR TN T 38 A, it B K S8 B 38 T 920, T 30 ~ 60
em 2 ] S BUAH SR

39’

PRl e RS K A3 AR AR B R 4 R
SERHAE X FRAHAE XU+ S0 46 1 2 P A S R
R KT KA MARNEA S+
BEAHAR X AR (Fr e i A A, T R 1% 00 28 VIAH ¢
KEH 0~ 60 em T 2SR BB ERK A WY
IR, X 5 O A g g R — gl e 18 kg T
TG RS T SRR w0 T HERE, R A X
i 0~30 cm BWHI P E 30 ~ 60 cm, AES A AHAS

£S5 REPMFEENHAARKERAEES TIRIEHSEARRE

Table 5 Nitrate accumulation in the soil profile under different irrigation-nitrogen models

during the Non freezing stage and frozen prophase

R i AV B Non-freezing period HREE Y EERTE Frozen prophase
. Ale \E
Soil s
dem[h S Waso Wazs Waso Wiss
P Unit NoWo NoWo
/em Nioo Naoo Nspo Nioo Nago Nsoo Nigo Naoo Nsoo Nigo Naoo Nsoo
0~30 % 45.30 48.58 50.07 51.80 55.00 66.03 — 52.79 59.26 64.68 61.15 65.33 73.45 —

30 ~ 60 % 54.70 51.42 49.93

0~60  kg'hm™2 120.28b 124.68b 162.73a 112.07b 112.25b 114.0lab

48.20 45.00 33.97

— 47.21 40.74 35.32 38.85 34.67 126.55 —

39.96c  127.05bc 131.83b 201.60a 109.18be 122.16be 137.07ab  84.66¢
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Table 6 Nitrate accumulation in the soil profile under different irrigation-nitrogen models

during the later freezing and thawing period

W B HREE B G Later-freezing period T Eh B B Thawing period
S .1 R /\L -4
o AL Waso Wazs Wiso Wass

depth Unit NoWo NoWo

/em Nioo Nago Nspo Nioo Nago Nsoo Nio Naoo Nsoo Nigo Naoo Nsoo

0~30 % 48.20 50.33 62.33 52.51 54.71 63.74 — 50.57 52.23 66.32 54.11 55.77 73.30 —
30 ~ 60 % 51.80 49.67 37.67 47.49 45.29 32.26 — 49.43  47.77 33.68 45.89 44.23 26.70 —
0~60  kghm™2 130.75b 146.78ab 237.53a 120.13b 138.83ab 190.63ab 48.43c  114.75ab 158.78ab 165.53a 102.09ab 120.38ab 171.07a  82.38h
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4D B T 5 o A ARG, B R TR A U SR ALK
B, T30~ 30 em 2 A ZU X 5 B A
BN AN, 30 ~ 60 cm +JZNIFEA%. THEHH,0
~30 cm = JZ A U G B2 o i it 280 o 19 344 Jon i
B, BEVE 7K S A 3E T 1 30 ~ 60 em )2 ]
SEPUAR SR . Bt AR B A R TR A A
JR AL SR AR K BN T RS A A ) W2 ik
ek

ARYIR G A PR AT VR Rl U ) A 2 R B A
SHRRBysZm , R oy gs I e AR 11 H 8 HAI 1
A1 HZE 1420, 11 H 8 HANREH, BT
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i 0~30 em B FHZE 30 ~ 60 em. A 1 B A
DX 1) A o i 7K 2R3 1) 385 0 T 350, 76 Nooo 25148 F
TERE R 3

2) VAR Z AL E N T 0~ 60 em £ )2
SRR E S THARARPEEREE,
RFHAFARSE I, B K 2R B, LS A R
U A3, R, 0 ~ 60 em TSR 2
e B IS 1 1 n RS A

3) REWI,0~30 em HIERAS R AT BB
Bt TR /K BTN P AR L 30 ~ 60 em )2 I8, 445
A, BE R AR, 0 ~ 30 em 2 A A AH X 2
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