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F1 GHREBRBHE (0 ~20em) + 3 H AR M4 R
Table 1 Basic physical and chemical properties of top soils (0 ~20 ¢m) of the fields in the experiment
s T O 2K gw& gaw !sﬁwz ﬁﬁ/\ﬁ
Soil No. (e kg" , Total N Available P Available K Ammonium N Nitrate N
(gkg™") (mgkg™') (mgkg™") (mgkg™") (mgkg™")
Y-1 8.34 0. 868 10. 1 207 0.1 4.4
Y-2 9.87 0.726 12. 1 152 0.5 4.0
Y-3 9.11 0.676 8.3 425 1.2 4.4
Y-4 11. 68 0. 867 13.3 258 0.0 8.0
Y-5 10. 71 0. 866 14.0 182 1.4 13.1
Y-6 12.25 0.990 13.1 258 0.3 10.0
Y-7 10. 24 0.814 11.7 200 0.7 6.7
Y-8 9.87 0. 761 6.7 200 1.8 7.9
Y-9 11. 13 0.904 17.3 332 3.0 12.9
Y-10 9.16 0.709 12.6 134 1.8 5.5
Y-11 10. 66 0. 409 16.2 225 0.2 6.9
L-1 10. 84 0.712 10.2 130 2.4 13.2
L-2 13.99 0. 985 8.5 235 1.1 15.3
L-3 13.71 0.978 12.5 200 1.8 28.6
L-4 15.03 1. 025 10.0 170 2.5 20.9
L-5 12. 85 0.964 10.2 155 2.5 18.5
L-6 11.58 0. 852 13.3 157 3.2 15.9
L-7 12. 48 0. 945 13.3 204 2.5 12.6
2.2 ARAESEBI/NEFENEIT
2 %z R TR T A e 4 I A A 2 R X/
AR BAT — 2 TR 22 5 A B e — Rl &
2.1 EMtERAFTERSENBESESE RABRCR 5w T 5 —Fh, A R 25 4 1 )
D7 5 2 0 P b e 9 e G S R AT B AR 5, PIF A R SR LA R 5.

i
PR M LA, e % A7 3.6 mg kg™
SIS A T RS, kA LR BRE N
45.7 mg kg™ H/ME N 2.9 mg kg s i T2 Y F
KR AR & 20 2 i m BTk, % B
R R R 28,6, AN N 2.2 mg kg R F
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Eéﬂ‘ﬁ/] i T%z i 25 R O A5 A [ i A

HAE AR 8] — T 25 W6 A RUIE 5 A 22 [i] R0 G Fef
WEZMKRZ TR E2ES . Pk 114Dl ik
$iﬁfﬁﬁﬂéﬁ Jiti A AL B (AC) =5y 4 478 kg

LM ER B (AS) R 4 475 kg hm 7 AT
ﬁﬁ;ﬁﬁﬁﬁ@&%ﬁ](smfﬁiﬁ 4 866 kg hm ™ ; jiti fiff iR
%%(CN>F£%5%J 4 813 kg hm ™*, Wi & U A1 2 53 ke

o IR A RN B A R AN S R B
<SN + AS) 77 iR 4 667 kg hm 7 S Bl R 5 5 B IR
ZHA (CN + AS) , =& 4 653 kg hm (LA 2% 14
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®2 FAEALERSEMNMHSALE(mg ke ) RMSARRE (kg hm™?)

Table 2 Ammonium and nitrate N concentrations and nitrate accumulations in different soil layers

B A & B NH, =N concentration fili 2 % & & NO; -N concentration A A RAE NO,-N accumulation
TS
Soil (mgkg™') (mgkg™') (kg hm %)
o, 0~ 20~ 40~ 60~ 80~ 0~ 20~ 40~ 60~ 80~ 0~ 0~ 0~ 0~ 0~
20em 40cm 60 cm 80 cem 100 em 20 em 40 em 60 em 80 em 100 em 20 em 40 em 60 em 80 cm 100 cm
Y-1 0.1 3.0 1.6 2.1 1.4 4.4 5.8 11.6  13.0 6.2 1.1 26.2 557 89.6 105.6
Y-2 0.5 2.2 2.7 0.2 2.0 4.0 4.9 8.5 8.0 4.9 9.9 221 44.3  65.2 77.8
Y3 1.2 1.5 0.0 0.4 1.6 4.4 5.0 6.8 9.2 22.2 10.9  23.3  40.9 64.7 122.3
Y-4 0.0 0.6 0.1 0.5 0.3 8.0  20.5 28.7  19.9 7.6 19.9  71.1 145.8 197.5 217.2
Y-5 1.4 0.8 1.2 0.5 1.3 13.1 19.2 24,2 36.1 45.7 32.6  80.6 143.5 237.3  356.2
Y-6 0.3 0.3 0.3 2.1 1.8  10.0 6.3 5.2 6.6 6.0 24.9  40.6 54.2  70.6 86. 1
Y-7 0.7 1.8 4.3 2.6 0.8 6.7 5.7 8.5 12.4 21.5 16.8 31.1 53.3 855 141.3
Y-8 1.8 0.3 0.8 0.3 0.7 7.9 13.6 4.2 13.0 11.7 19.7  53.7  90.6 124.4  155.2
Y-9 3.0 1.5 0.6 2.3 1.2 12,9  18.8 4.7 2.9 3.5 322793 91.5  99.1  108.1
Y-10 1.8 1.4 1.3 1.9 1.9 5.5 8.3 10.8  12.3  15.4 13.8 346  62.5 945 134.6
Y-11 0.2 0.0 2.2 2.4 0.6 6.9 9.6 14.0  10.0 9.0 17.3  41.3  77.7 103.6 126.9
L-1 2.4 2.3 3.6 2.1 1.9 13.2 7.9 4.2 4.7 3.6 3.7 50.6 61.6 73.9 83.3
L-2 1.1 1.1 0.3 0.8 1.1 15.3 8.3 4.0 2.2 2.3 36.7 56.7 67.1 712.7 78.8
L-3 1.8 1.1 1.7 1.5 2.0 28.6 10.5 7.5 6.5 8.2 68.6  93.8 113.4 130.3 151.7
L-4 2.5 1.2 1.6 2.0 2.0 20.9 12.3 10.5 6.1 4.3 50.2  79.7 107.0 122.9  134.1
L-5 2.5 2.1 1.0 1.2 2.2 18.5 11.0 9.9 4.0 3.7 44.4  70.9  96.5 106.9 116.4
L-6 3.2 3.1 2.1 2.5 2.4 159 9.9 6.3 5.2 3.4 38.2  61.8 78.3  91.8  100.7
L-7 2.5 2.3 1.6 1.5 1.5 12.6 8.2 5.2 3.9 2.3 30.2  49.8  63.4  73.5 79.3
%3 AEAESMITNEFENTME
Table 3  Effects of N fertilizer on wheat yield (kg hm*) relative to variety
e L b A 0 s
T e, Ammonium N WA Nitrate N Nﬁf‘fi*ﬁifﬂi it ﬁf}
Soil No.
AcY ASY SN CN*Y SN + ASY CN + AS®
Y-1 3 564a 3 682a 4 173a 3952b 3 884a 3 962a
Y2 3 495a 3 487a 4 186a 4 056a 3 871a 3 783a
Y-3 4 106a 3 958a 4 228b 4518a 4144 b 4321a
Y-4 5 100a 5078a 5234a 5014a 5 032a 5 166a
Y-5 5 689a 5 645a 5722a 5 642a 5701a 5 693a
Y-6 3 776a 3 914a 4 853a 4 710a 3 799b 4 479a
Y-7 4501b 4 944a 4 813b 4 974a 4 801a 4799a
Y-8 5 341a 4 811b 5 425a 5023b 5123a 5 189a
Y-9 4 4281 4 800a 5 068a 4 908a 5298a 4 146b
Y-10 4912a 4 832a 536la 5263a 5 385a 4 945h
Y-11 4 343a 4 079a 4 465b 4 887a 4 300b 4702a
L-1 4 477b 5733a 5848 — 5210a 4 974a
L-2 5481a 4 821b 5 445 — 5318a 5 458a
L-3 4 003a 4 173a 4143 — 4 143a 4251a
L-4 4 953h 5234a 4950 — 5394a 4 250b
L-5 5 174a 4 500b 4700 — 4 410a 4 250a
L-6 4 476a 4 221a 4 852 — 4 236a 4 860b
L-7 5 230b 6 038a 51737 — 5 560b 6 230a

1) AC: &1k % Ammonium chloride; 2) AS: i i£ £ Ammonium sulfate;3) SN : 7§ i 4} Sodium nitrate 4 ) CN ; ifj iR 45 Calcium nitrate 5) SN + AS 7§
R 4N + B2 %% Sodium nitrate plus ammonium sulfate; 6) CN + AS: i RS + fii ik # Calcium nitrate plus ammonium sulfate. [F]17 A6 FHf RN 27
1E p < 0.05 &3 Different letters in the same line indicate significant difference at p <0. 05
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2.3 MNEFEELTEHSERNENXER
Ve SR AR A 7 19 2 bR, ROt T 24
FAE BAM 1 1 255 R . A R /R SRR

YA PRI R W 1 S R/ R i B PAY 18

LSIA
52
B/
5

AN T e/ 22 7= o B E o, LR R TE 2
i, AR R A AL, 77 i 4 639 kg hm ™ dR ol
A AUIE , 772 4l 4 940 kg hm 75 B S AU S A A A
B 4 L FIL ), 72 5 4 752 kg hm ™* (3£ 4)

x4 FRAESERINNEFE EFEME = XM

Table 4 Effect of N on wheat yield,yield increment and yield increase rate relative to N form

- 7t PR 37
LIRS Yield(kg hm =) Yield increment (kg hm ~%) Yield increase rate (% )
Soil No,

cK" AN? NN AN + NN*¥ AN NN AN + NN AN NN AN + NN

Y-1 3194 3623 4 062 3923 429 868 729 13. 4 27.2 22.8

Y2 2 825 3 491 4121 3 827 666 1296 1 002 23.6 45.5 35.5

Y-3 3569 4032 4373 4233 463 804 664 13.0 22.5 18.6

Y-4 4671 5089 5124 5099 418 453 428 8.9 9.7 9.2

Y-5 5653 5 667 5 682 5697 14 29 44 0.24 0.5 0.8

Y-6 3 069 3843 4782 4137 774 1713 1 068 25.2 55.8 34.8

Y-7 4153 4723 4 894 4 800 570 741 647 13.7 17.8 15.6

Y-8 4321 5076 5224 5156 755 903 835 17.4 20.9 19.3

Y-9 3717 4614 4988 4722 897 1271 1 005 24.1 34.2 27.0

Y-10 4184 4872 5312 5165 688 1128 981 16. 4 27.0 23.4

Y-11 3564 4211 4676 4501 647 1112 937 18.2 31.2 26.3

L-1 4991 5105 5 848 5092 115 857 101 2.3 17.2 2.0

L2 4520 5151 5 445 5388 641 925 868 14.2 20.5 19.2

L-3 3918 4088 4143 4197 170 225 279 4.3 5.7 7.1

L-4 4723 5 094 4950 4 822 371 222 99 7.9 4.7 2.1

L-5 4317 4 837 4700 4330 520 383 13 12.0 8.9 0.3

L-6 4020 4349 4 852 4 548 329 832 528 8.2 20.7 13.1

L-7 4977 5 634 5737 5 895 657 760 919 13.2 15.3 18.5

SE45 Mean 4133 4 639 4 940 4752 507 807 619 13.2 20.9 16. 4

1) CK: X} 1, Rt Z A Control without N fertilization ;2 ) AN : £ 2% %, Ammonium N;3) NN i & %A Nitrate N;
4)AN + NN 2 A% + A % Ammonium N plus nitrate N. T [i] The same below

VN e i IR AR &, AN B2 S A B
JAA R UAEER. hE 1AL B AN e EE,
/NG 7 i i A A R BR R A A G iy 8 =5, 0 ~
40.0 ~60.0 ~80 10 ~100 cm + EMAS R EM &
HNErEERERE LR, R /5N 0.287,
0.332.,0.319 F10.290, 83 p <0. 05 119t & /K
(n=18,R; s =0.219) , Jiti FH 4% 25 S AE 0 T/ 4
B AR X I B 7 R N AR el AR /)N
A2 77 i Bt b A S A BB B 0 B K R

0~40.0~60 &% 0 ~80 cm +E2MASREHE 5
P A RIS /N2 7= BT 5 B 3 MO, R 49 31 oh
0.287.0.243 1 0. 211,353 8347 p <0. 05 () &
Ko 5 A B, it P s A IR B 7 R K,
A E e HI T 22, 3R W AE AT 4] 2 A R AR
A g it P A 2 BUIE YRR 78 4 R HEAE T, 1N A
FE IR B H A (K, RS A R
it 5t A AL G /N 22 7 i 2 ) TG Rk
KR EBREMAEESENMEE A AL H A T Ho ]
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Fig. 1 Relationship of wheat yield with nitrate N accumulation in different soil layers relative to fertilization treatment

2.4 NEEFESLIEHSERNENXE

/INFE 1 it 8 4 7 BE RE SR AR A FE B R R 1
HIERCR  Wae s B AR e A R R s . A
[) 1 25 UL (0 3 7= P B 25 R R B - 5 0 IR AN i R
HHEE G i 285 RUAE /N 22 9 38 7 i e o, 8 O
77 807 kg AR B ASRMEB G K Z, B WU ™
619 kg B R, B ALY ™ 507 kg

PL/INAZ 877 g R 6, DL HEAE 25 R R PR
PSRERS (VRS (I BUR: IR RN e 1§ P
GUREM AR RS AR L EHER R R
A B &R (8 2)  FEARAT )2 /N 22 it 208
7 P o SRR 0 i 2 SRR 1Y i e 3 T R
il P B2 285 G A 2B e R, ¢ W 094 7 o A T A
JE/IN s IR 2R Bt /), 3R B0 7 B A S A R
BRI T R 22 EMa TR B TEER
Ay /NZZ B P25 5 0 ~20.0 ~40 10 ~60 cm + 2
+ 3 ERUN R A EUR YRR 535 A, H At s )

I BNk G R A W OK O . 5 M I it
il 2 R0 T 1 4 e, 9 G 7 R A I
Hs A R AR B, R R RS A B
H I TR, S A VS AR A E R

e A AR B i A R e R T
FHRTA) SRR T 9 1 7= 8 S0 2 o ok, R
PEAIR IR 25 1, Al A A 0 ~ 100 em £ )2 BRFW
AR RS =2 (1) AR BB HE <100 kg
hm 245 5 A~ B, it FH 42 45 088 7 AR J Ak, 1
WA 5T1 kg hm ™75 T AS AU PR AR R O 2 4
721050 kg hm 5 & B R AR S R B A 5, F 8
57792 kg hm 2, (2) WS A BN T 100 ~
200 kg hm > Z (A1 A5 11 A4 B B, i 4038 7 RO 45
B2 R, A EUIE AL B R B Bk 3 it
AL B 8 P R W R 531,771 il 611 kg hm 2,
G SR E/ME >200 kg hm > F 2 MHH,3 4
b3 P YA TE 25 5. BT L SRR B 1
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Fig. 2 Relationship of wheat yield increment with nitrate N accumulation in different soil layer relative to fertilization treatment
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RESPONSES OF WINTER WHEAT TO AMMONIUM AND NITRATE NITROGEN

Miao Yanfang' Li Shengxiu® Xu Xiaofeng' Wang Zhaohui’ Li Xiaohan® Fu Yanyan' Luo Laichao'

(1 Agriculture School ,Henan University of Science and Technology ,Luoyang ,Henan 471003, China)
(2 College of Natural Resources and Environment , Northwest A&F University , Yangling , Shaanxi 712100, China)

Abstract Field experiments were conducted with 11 sites laid out in Yongshou, Shaanxi Province and 7 in Luoyang,
Henan Province,and 5 soil samples for each site were collected in 20 ¢m increment to 100 ¢m depth , for analysis of initial
nitrate N contents. In Yongshou,each experimental site had 7 treatments, i. e. control (without N fertilization) , two kinds of
nitrate N fertilizers (NN) ,two kinds of ammonium N fertilizers ( AN) ,and two combinations of nitrate N + ammonium N
(NN + AN) in a ratio of 2: 1 ,while in Luoyang,each experiment site had only 6 treatments with only one kind of nitrate N
fertilizer. In N all treatments,the N application rate was 150 kg hm ~* as basal fertilizer. The experiments were carried out
to explore wheat responses to ammonium N fertilizers and nitrate N fertilizers and their relationships with nitrate N accumu-
lation in different soil layers. Results show that the difference in yield increase between the two kinds of N fertilizers with
the same N form was significantly smaller than that between N fertilizers different in N form. Comparison between the fertil-
izers different in N form in average of yield,yield increment (kg hm *) and yield increase rate (% ) ,Treatments NN were
the highest in yield and yield increment, followed by Treatments NN + AN and Treatments AN in the end. In the experi-
ments, yield increment and yield increase rate declined significantly with the increase in nitrate N accumulation in soil pro-
file. The lower the nitrate N accumulation, the higher the crop response in yield and the more significant the effect of nitrate
N fertilizer. It is,therefore,clear to see that nitrate N accumulation in soil profile is the major factor determining crop re-
sponse to N fertilizer and effect of N fertilizers different in N form. Only in soils low in nitrate N accumulation,can N fertil-
izer be brought into full play,and can nitrate N show its significant superiority.

Key words Wheat;Nitrate N fertilizer; Ammonium N fertilizer ; cumulative Nitrate N in soil profile
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