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Abstract; The application of excessive amounts of nitrogen fertilizer in dryland habitats continues to result in an increase in
the amount of residual nitrate found in dryland soil profiles in the southern Loess Plateau of north central China. Efforts to
use this resource have attracted considerable attention. A two-year field experiment was conducted in the southern Loess
Plateau to investigate and compare how residual soil nitrate is used in winter wheat and alfalfa fields. Crops of alfalfa and
winter wheat were grown in fields with six levels of residual soil nitrate, measured as the accumulated nitrate at soil depths
of 0—3 m, with continuous alfalfa and wheat-summer fallow-wheat systems. Both crops exhibited similar yet different

changes in the levels of residual soil nitrate during the two year study without the application of additional nitrogen fertilizer.
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During the first wheat growing season, soil nitrate at a depth of 0—3 m decreased by 42%—66% in the wheat fields
while it decreased by 41%—73% in the alfalfa fields, compared with N levels before sowing. N uptake (63.9—130.3 kg/
hm®) , the proportion of N uptake from the total residual soil nitrate prior to crop sowing ( 18%—27% ) , and the proportion
of N uptake from soil nitrate reduction (29%—62% ) was much higher for winter wheat than for alfalfa. The apparent
reduction of soil nitrate in the upper 0—3 m of soil in the wheat field (62.1—317.1 kg/hm’) was lower than that in the
alfalfa field (95.0—614.1 kg/hm”). During the second wheat growing season, N uptake of alfalfa was 593.8 kg/hm*, six
times higher than the N uptake of wheat. However, residual soil nitrate in the alfalfa treatments increased as a result of
strong N fixation by alfalfa. Compared with the N levels prior to crop sowing, the residual soil nitrate in the alfalfa field
declined by 72.4 kg/hm® while it declined by 158.3 kg/hm’in the wheat field after two growing seasons. These results
indicate that winter wheat used more residual soil nitrate than alfalfa during the two year study. If the goal is to reduce
residual soil nitrate levels, winter wheat has the advantage of reducing nitrate levels faster than does alfalfa in a short period
of time.

During the first wheat growth season, N uptake by wheat had a significant positive correlation to the levels of residual
soil nitrate at a depth of 0—2 m (r=0.920"") and 0—3 m (r=0.857") while it had no significant correlation to residual
soil nitrate at depths of 0—1 m. On the contrary, N uptake by alfalfa had a significant positive correlation to residual soil
nitrate at a depth of 0—1 m (r=0.846") prior to alfalfa sowing while it was not significantly correlated to residual soil
nitrate at depths of 0—2 m and 0—3 m. These results indicate that residual nitrate in deeper soil contributed more to winter
wheat N uptake when compared to N uptake by alfalfa.

The uptake of N by both wheat and alfalfa was significantly positively correlated to the levels of residual nitrate in the
soil at depths of 0—3 m prior to the first season of wheat sowing. However, with higher initial soil nitrate levels, the
apparent loss of N also increased. These results suggest that with increased levels of residual nitrate in the soil, crops were
able to increase their uptake of soil N, resulting in the removal of higher amounts of N by the crops while higher amounts of

N are lost from soil profile.

Key Words: residual soil nitrate; winter wheat; alfafa; dryland
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A, &K S5, AR 12.9°C, F 7 & 7 1400
mm , J& 0 S S IX
1.2l EEMEY

TG T P AC AR AR 2 9 W a0 0 47, it
i+ 28+ (Lou soil) ,0—20 em +E A 1.31
g/cm’ ,pH A 8.25, AHLIL & #E 9.63 ¢/ kg, &4 1.07
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B, Hor N6 A B ) i A S D i R HE o A A
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FHE 2 MERBIFAE, THEMSARBED
WK LSS 1 2/ N AT @ K 0—3 m +
R AT K 547.5 ke/hm?, HUES 1 45T H 57
Hrenih 69.9 kg/hm®, {H AL FEAS S A RS A

W25 5, 46 2 MAER R RS AR w8 55
I AMERZERHY,0—3 m + 2 WA A&
170.5—277.5 kg/hm? | H: 5 24 25 /N3 4 A5+ LGl 24
RBFREM L BEY 42% (KT 1 (P 49%)
b5k A 1 e A A R AR AR I, 0—3 m RS
R SRR AR AS A A B, &=
952 MERZELE G (2005 45 6 H) ,0—3 m + i
FR B RS AN 212.8—364.9 kg/hm*(F-14 4 319.3
ke/hm?) , 555 1 /N2 BT L 5858 B A 53%—
9%4% (V31 69%) . Fift 2a /NEST ,0—3 m T EEA
R /D 24.0—314.8 kg/hm® (F 3 158.3 kg/hm?)
(£1),
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Table 1 Fluctuation of soil residual nitrate of 0—3 m depth in wheat field during 2 years

TSR RS AT 5t Residual soil nitrate background
Soil residual nitrate N1 N2 N3 N4 N5 N6 1 Average
ERIESYIN 3 FE il &5 Al Residual soil nitrate afl
% 1 BANJMCRIR LR Residual soil nitate after 0 21002 2744 2265 3074 2275 236.0
wheat harvest
51 /N A KW E] R S A B0 5 Reduction of
1 2NREHELRWERNBLDE Roduction of -, 163.3 199.1 259.4 236.4 4474 241.6
soil nitrate during the first growth season
HEAS Rt o R AT 36 A 0 E 43 L Proportion of
soil nitrate reduction in residual soil nitrate before wheat 46 44 42 53 43 66 49
sowing/ %

A 00 1) 4 A A AR S0 Increment of soil nitrate
ELPRIBNTE] SR & MO IEIAR ncrement of soil mimate 310 005300 3190 339 2576 303.0 3115
during summer fallow period

) 2 Z2/ N BT+ JEAE A5 A Residual soil nitrate bef
%2 /A A L EMAER Residual soil niteate before 0, o 548.4 594.1 559.4 565.1 530.6 547.5
wheat sowing of the second growth season
%52 CJa HHEAS A A Residual soil nitrate afte
2 ARG A RMHER Residual soil mitate after ) o0 395 3166 328 3639 360.1 319.3
wheat harvest of the second growth season

} 2 Zx /N A KT A] - AN S A 2D & Reduction of
B2 2 NZERBF L REERLNIBD R Reduction of ), ¢ 198.8 277.5 246.7 201.2 170.5 228.2
soil nitrate during the second growth season
552 F/NA AR IA] - e A E A A 2 FRANAE

FHT RS AW i soil mitre
R j: %ﬁﬁ . AW .ﬁﬁ Lt Proportion of 5?11 nitrate s6 36 4 " 36 0 0
reduction in residual soil nitrate before wheat sowing of the
second growth season
2a [B] HHERS A A9 98 2> B Reduction of soil nitrate afl

2 FILBRMA R B B Reduction of soil niwate after 1, 24.0 156.8 173.1 180.0 3148 158.3
2 years
2a Ja RHEEAR G 1 AR /N AT RS S AR
Proportion of soil nitrate after 2 years in nitrate before wheat 68 94 67 64 67 53 69

sowing 2 years ago/%

N1,N2 N3 N4 N5 N6 7353 R (5% B A A o, AR LI 1

2.1.2  EE AR IR A AT

FE/NZESR 1 AR FEE (2004 4F 6 A ) REIE
WSE T H A RS A i AR R B
R B A AS A IR N . 0—3 m RS
ARl 127.5—648.6 kg/hm? (3] 354.0 kg/
hm?) , o5 3% 57 A4 25 A B R 10 419%—T73% (-3

53%) , BE TIERERTAS S A R R R, A
oD S H o 7% A A AL SR AR R Y L) 2
O H P NS A N6 AR S AW SRR E ST
N1—N4 Zb B (P =5%) ,N2—N4 &b B )6l 25 Ak 2>
EUEST NAP(P=5%) ,N5 fll N6 Z[a] N2,
N3 1 N4 Z [0 B s A8 /b i 22 7 ¥ R B 3
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A MERERE AR, 0—3 m A & =i
91.8—262.6 kg/hm*(“F1J 197.9 kg/hm*) . N4 FlI N5
SR RS A IR AL T H B (R 2) .

HAETEI IG5 2 MK ZEZHT (2004 4E 10 H ),
0—3 m T IEARSA A FF G L 7610 (2003 4F 10
) B>, Sz E HIEESARRERA
2SS, % 2 MEKZEE (2005 46 H), 1
B pR S AR AR T 0—3 m AR

(RS 25 AN 391.3—678.3 ke/hm® (F- % 554.2
kg/hm?) ,SFHIHCIFUREE 2 A K22 1 (2004 4E 10
H)#4m 83.7 kg/hm*, R, il 22 B 75 )5, L4
NS R TR N il = = A SR 2= T (1 R S
0—3 m +ZAR L 72.4 kg/hm® | FEIEH
TEHE T 7% B A S A A Ab B (i N3 N4 N5 I
N6 ) 9 /bt 55 K, 1T 47 i 4% P R/ 1 A B (N A
N2)2a J& TIEAHA R E MM T 66.1—88.2 kg/
hm?*(%£2)

F2 BRELEKHE0—3m TEHESANETL

Table 2 Fluctuation of soil residual nitrate of 0—3 m in alfafa field during 2 years

TR A A

FR B TS A% T 7 Residual soil nitrate background

Soil residual nitrate N1

N2 N3 N4 N5 N6 S5 Average

%1 AERKRER HEMESA/ (kg/hm?)

Residual soil nitrate after the first alfafa growth season
B | AK R IEMS A &/ (kg/hm?)
Reduction of soil nitrate during the first alfafa growth season
B 1 AT R A e A A R A A A
W E S L %

Proportion of soil nitrate reduction in residual soil nitrate

175.6

127.5

42
before wheat sowing
T B Ze A KA S AN/ (kg/hm? )

Increment of soil nitrate during summer growth season

of alfafa

262.6

RS 2 4 KT 8h A - MR 25 20 (2004 48 10 )/
(kg/hm?)

Residual soil nitrate before alfafa sowing of the second
growth season( Oct. 2004)

B 2 A KB5S R A A (2005 4F 6 A )/
(kg/hm?)

Residual soil nitrate after the second alfafa growth season

(Jue. 2005)

B 2 M IR B A A ) e e A U D e/
(kg/hm®)

Reduction of soil nitrate during the second growth season

438.2

391.3

46.9

2a 8] + AN ZS A M0 U8 /D & Reduction of soil nitrate after
2 years
2a Ja HHEREAS A A 1 AR /NG AT LSS AR L ]

Proportion of soil nitrate after 2 years in nitrate before wheat

-88.2

129

sowing 2 years ago /%

306.7 267.3 346.0 297.6 242.7 272.6

209.3 249.4 370.2 519.0 648.6 354.0

41 48 52 64 73 53

213.0 262.2 122.7 235.1 197.9

519.7 529.5 468.7 389.4 477.8 470.5

582.1 505.3 583.5 678.2 584.5 554.2

-62.4 24.2 -114.8 —-195.1 -200.4 -83.6

—-66.1 132.6 138.5 306.8 72.4

113 98 81 83 66 95

N1.N2 N3 N4 N5 N6 5 5ICFAR 5% 88 12 AR LA 1

2.2 AR R R LS R S
A MK HR
221 /NE

Bt Ty e b B AS AR, 2 M E R
ZER /N E IR R R B R,
K ZE(2003 4F 10 H—2004 4F 6 H) ,/NERZ#

W AT RIS AR 21%, QR4 A A
R AR AR A E 7 AR
FA R 5, IR 4, R AT 3 b g A A R B
1, M R K . N6 4bFE 0—3 m +3
ST & 10 2 5 T HoAh 5 DMAEFRE(P=5%) ,
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N4 ZbFRA 35 T N1 N2 b3 (P=5%), %52
K2 (2004 4F 10 H—2005 45 6 H) 5 BIEAA
T AL BR/NE SR R S A S A

EL AU AR 55 5, 0—3 m - Al A U3 AR R 4
flR(%3),

£3 TRRBREFHTHNERZEHENLEHSRRURKE

Table 3 N uptake by wheat and soil nitrate apparent loss under different levels of residual nitrate background

TR AA T 5t Residual soil nitrate background N1 N2 N3 N4 N5 N6 S Average
%5 1 Z2(2003 4F 10 H—2004 4E 6 H ) First growth season
(Oct. 2003—Jue. 2004 )
INERZ N uptake by wheat (kg/hm?) 63.9 101.2 94.7 85.1 116.5 130.3 98.6
AFEHE I S HRAT 0—3 m TR B S AR E AT I
Proportion of N uptake in residual nitrate of 0—3 m soil 20 27 20 18 21 19 21
depth before wheat sowing/%
0—3 S A A

m IR SR , 80.2 62.1 1044 1743 119.9  317.1 143.0
Apparent loss of soil nitrate in 0—3 m depth(kg/hm*)
5 2 2 (2004 4F 10 J1—2005 4 6 J)
Second growth season( Oct. 2004—Jue. 2005)
INERZ R N uptake by wheat (kg/hm?) 112.0 134.2 135.8 132.3 158.0 164.2 112.0
0—3 m EHEMMAS A FWAR G i

m SRR b 162.6 64.6 141.7 114.4 432 6.2 88.8

Apparent loss of soil nitrate in 0—3 m depth (kg/hm?)

N1.N2 N3 N4 N5 N6 5 5ICFAR 5% 88 12 e, AR LA 1

AN ERREE N E SR LR B SR
SREMMECRE, BRI, 1 BNLZARE
S/ R IR S A B EA AR,
Hp50—2 m Ml 0—3 m +EZMAER R ML
PEIRS B (P =5%) Stk B ZKF(P=1%);3 1
AFRE (0—1 m,1—2 m,2—3 m) + 2SR 2H
F4 NEREHHBSE 1 TNEENLENSARRBOEE
EX

Table 4 Correlation coefficient between N uptake by wheat and

residual soil nitrate

T IERIE/m EIREAT A 52 FNE
Soil depth The first wheat season The second wheat season
0—1 0.802 0.799
1—2 0.600 0.699
2—3 0.091 0.192
0—2 0.920 " 0.958 **
0—3 0.857 " 0.919"*

(0.05,4)=0.811, r(0.01,4)=0.917

I G AEE A OC R B TR B R IR, 56
2 Z/NEREWE RS/ (2003 4510 A) +
AR BRI IEAR OGO R AT A 2 3 wlob bl 2%
KA
222 HfE

1 K ZEN (2003 4E 10 H—2004 4F 6
) BETEAR SN RN 43.8 ke/hm”, HEHTE
FEnr IR S EIR R 4%—11% (K3 7%) 3 5
B AR R 5 A RO (2003 4FE 10 H—2004 4F 9
AW HA 77.6 keg/hm? 755 2 DMK ZEN
(2004 4E 10 H—2005 4F 6 H) , B AR &
ik 485.2—695.8 kg/hm?(F-14 593.8 kg/hm?) , il
EREAT0—3 m HIERASEGR A I, B 1 FE
TERZE N E SRR 0—3 m AN R 1
P A /D 1) L A 357 S S AR AR i S G 2 R A
AN ERIN(ES) .

x5 TRZRBEXFGHTHEERFIBHENTEMSARARKLE

Table 5 N uptake by alfafa and soil nitrate apparent loss under different levels of residual nitrate background

RS AT 5t Residual soil nitrate background N1 N2 N3 N4 N5 N6 S Average
55 1 Z2(2003 4F 10 —2004 4F 6 ) HFEH =

N uptake by alfafa during the first growth season ( Oct. 32.5 50.8 54.3 40.0 51.0 34.5 43.8
2003—Jue. 2004) / (kg/hm?)

55 1 2 (2003 4F 10 H—2004 4F 6 A ) R FE 5 H & 5 56

s 9B B S 4 (1 |

i 0—3 m HHER A A RN E oL 1 10 1 6 6 4 7

Proportion of N uptake during the first growth season in
residual nitrate of 0—3m soil depth before alfafa sowing/%
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RS AT 5t Residual soil nitrate background N1 N2 N3 N4 N5 N6 Sy Average
5 1 2%(2003 4 10 A—2004 4 6 7)0—3 m HIEME
- b 2 L
ENESUE LS
Apparent loss of soil nitrate in 0—3 m depth during the first 930 158.5 195.1 330.2 468.0 614.1 310.2
growth season/ (kg/hm?)

551 =+ 2 % (2003 4F 10 H—2004 4F 9 H) AEH N

=R

Jos B

Total N uptake by alfafa from Oct. 2003 to Sep. 2004/ 60.7 929 751 707 89.5 76.8 77:6
(kg/hm?)

55 2 7% (2004 4F 10 4 —2005 4£ 6 7 ) WA I It

N uptake by alfafa during the second growth season 662.5 572.9 695.8 574.9 571.6 485.2 593.8
(Oct. 2004—Jue. 2005) /(kg/hm?)

2 FEFE AL EAI(2003 4F 10 —2005 4F 6 1)

Total N uptake by alfafa from Oct. 2003 to Jue. 2005/ 723.2 665.7 770.9 645.5 661.1 562.1 671.4

(kg/hm®)

N1.N2 N3 N4 N5 N6 5 5ICFRA (19 5% B if A AU

1 ARFEE AR LR ST 0—1 m -
SR R B IEM KR, M 0—3 m L+
SR RBELIEA I A B, 2 ERF
Ere BRI SRR AT (2 1 A RBITIART) 1A
BRBPUENE ALK R (K 6),

AR LA 1

*6 HEAZBHESHEENIEMNSRNEXRE
Table 6 Correlation coefficient between N uptake by alfafa and

residual soil nitrate

B F+EHFE H2E
(2003 4 10 A— (2004 4£ 10 H—
- 2004 4£ 10 ) 2005 4F 6 A)
R - - g =
BIRE e e it H R

il depth
Soil depth/m Total N uptake by alfafa

from Oct. 2003 to

N uptake by alfafa during

the second growth season

Sep. 2004 (Oct. 2004 to Jue. 2005)
0—1 0.846 " -0.568
1—2 0.316 —-0.435
2—3 0.158 -0.784
0—2 0.652 -0.554
0—3 0.489 -0.716

r(0.05,4)=0.811, r(0.01,4)=0.917

3 WiREHSR

ANFFE B, A B AR B ol A 2 ek 2D - A
BEGR SR R B AR R R
W, 20— /N AR K 0—3 m S5 AR 5k B
SRAF 42%—66% (V34 49% ) 5 7] — I 48 40 2R
P E 15 ,0—3 m L2 SRR 41%—T3% (11
53%) o FRUTT UL, KB AR ml A a5 A A 18 5% B
ASRMEE, R, T E S B AR R, 7E55 =

AR R A R AN AU BE 8 /D - S P AN S R,

Piok B FE T IEAR B AR, 6 N LR, 5
G EEGE | PR KRR B A 0—2 m 45k
SRR, WA K, B A K0 E T
ANREREAR - 18 50 T 10 A A R R A, LR R — T T
ETHREERMEN, 5 — 7 T 5 2w i
AT A VAR R ET L,
ANFEVEYI A E A WOSOR I RE A B
250 RGeS IR, T A I T A R v Ay
BRMFARRETLNED R, AR, 1
551 Z/NEARKWIN 21 0—3 m H)Z AR AR
b b R HL o 5 AR B A S R 1 B A T TR Y
FfE b3, /N A R (63.9—130.3 keg/
hm?) R #5 a5 % n gk B A A E
(18%—27% ) A F it iz B K FER AR W
] (29%—62% ) ¥ 18 3w T R T B AE b
B, XERMLNEXNRBHESANAHERS TH
T8, MAEFAR B 15 25 T R RS A A 3 m
TR /N T, A5 RA—800 R R AT g
TET A&/ N 1 ARAEAEY) TR A KRR R Re(h
K3 4 m WBR)Z; MTETE R ZEAEY, BR 6 R4
KA TE R R IRE A 6 m DAL [HR7EE 1
SENBRAERK AT 1.5 m HY, Wk, 78
TEAERME AR M TRAAREEAR, Hik, X
3T R A A AR BE ) IR A& N
TESE 2 A K ZE P (2004 4F 10 H—2005 456 H ),
HE AR k3] 593.8 kg/hm?*, B/N A %
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T A AFEAEYN Rk 5 R

AR NAHZS 3795

AR BRI 6 5 (Bl T HRE A EH®REL S
B2 KRB GAIHEL, TS EAMA RS, &
o2 AR K BREE TS (HI 2005 4£ 6 H ) ,0—3 m IR
AAEESEERETAE L R8> T -88.2—306.8 kg/
hm?*( 744 72.4 kg/hm?) 122 H 0—3 m HIERASA
B 5/NE BRI LI T 24.0—314.8 kg/hm* (1
158.3 kg/hm?) . HBL AT UL ZEAGHA N ( L 4n 2a) G5k
RELIER 3 R A 00 3 s T Y R B A A A, &/
ZIWWHTE AL

AWFFEAERELW | BEREHT 0—3 m 1 5k B il
BRI, /A dib bR R A i SN 5
P EABEEMHE S 1 ERSHEAZSE LR
53R 0—1 m HIERSH EM %ﬂz;ﬁ%ﬂi*ﬁ%
KFR, N, BERER 0—3 m LHIREHER
Hahn  GHAS AR R B I, wT i%&ﬁi i
TS RMZE X EFEAEY R R W 5Tk K, (H
BN NP B7 Rk 17 BN DN EORTEN; NI v B O - o
ISR MR R R EPBUR IR AR
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