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The ammonia volatilization of anthropogenic-alluvial soil in summer
maize farmland under different fertilization methods in Gansu Province

YANG Xiao-yun', YANG Hu-de'*
(1. Academy of Resources and Environment of Gansu Agricultural University , Lanzhou, Gansu 730070, China;
2. Institute of Soil and Fertilizer and Water-saving Agriculture , Gansu Academy of Agricultural Science, Lanzhou, Gansu 730070, China)

Abstract: The effects of different fertilization methods on the ammonia volatilization of anthropogenic-alluvial soil
and maize growth and nitrogen balance were studied by intermittent closed chamber pumping method. The results showed
that the ammonia volatilization of basal fertilizer and topdressing fertilizer continued for 15 days and 11 days. The accu-
mulation of ammonia volatiles during basal fertilizer period was between 2.970 and 4.123 kg*hm™?2, accounting for
0.81% to 1.65% of the total amount of fertilizer, and the accumulation of ammonia volatiles during topdressing fertilizer
period was between 6.240 ~ 8.347 kg*hm ™2, accounting for 3.1% to 4.6% of the amount of fertilizer applied; The
loss of ammonia volatilization was lower under the condition of film and urea fertilization, and the utilization rate of nitro-
gen fertilizer was higher than that of conventional fertilization. The mass of 1000 grains was higher than that of conven-
tional fertilization 3.6% to 11.9%, and yield of maize was higher than that conventional fertilization 24.98% to
36.73% ; reduce the nitrogen surplus of 40.46 to 68.67 kg-hm™2. In summary, the application of film mulching (urea
deep application / surface irrigation) can reduce soil ammonia volatilization loss, promote the growth and development of
summer maize and yield, increase production efficiency, decrease agricultural non-point source pollution. Therefore, film
mulching will be large-scale used in anthropogenic-alluvial soil of the summer maize planting area in Gansu Province.

Keywords: ammonia volatilization; anthropogenic-alluvial soil; fertilization method; summer maize; mitrogen balance
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TGP AR, [ NG T & R R ST E A
TR 75 7K e FEAS [ it A =X vt 2R o X 28 4 K 5%
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1.1 R X

BT 2015 AEAEHOR A 22 M2 7 R BB
AR5 T AR B 5T i i 5 L 1l (36°57 N, 103°
4'E) AT, 12 X vl R Bl A, AR T B R
10°C , 4E -2 K B 360 mm, /K FEEFLE6~9
A EFEZ) 180 d D b, M4k S FE 1550 m, Wil A
MPCPE & R, BRI IE T AP, B
FEEE2%0.95 g kg™, 2 0.70 g- kg™, 4
20.4 g kg™, B 65.4 mg kg™, AR 8.90 mg-
kg™, KA 88 mg- kg™, AL 11.22 g-kg ™! AHES
A.103.36 mg kg™, E AR 2.53 mg-kg™', pH 8.20,
1.2 REAE

1.2.1 &R&E&d 8k 8 MEP (£ 1),3 IkKE

2N AL 4 n?, BEALIX ZLHES , it IR VR BE 20 em.
AL ZEFPAE , 2258 60 cm, 18 55 30 em, 2B 10 emo AR
P NI, I 98 80 em, JC7E IKIAIHE 30 em,

FEAE 5B AR 1:1 E (300 kg hm™2) 4351 F 4
H 27 HHUtBI#E (20 em ¥8) (FEAE) ;7 H 11 H F47
At 37 B R /K I (GEE ), ETBE /K 3 1 050 m? -
hm =2, BPAEA/NX 0.4 wd Ko HJE AS R4 HE 0
FLT IR BEAR A A T
1.2.2 BEXAH (1) JRE: M 220 KA
A7 B R 46% 5 (2) Tt ] F5 A 08 : 1L 2R s PHA
AR By A BR S w4272 NP K 44 18% 5 (3)
PRGN 242U B2« 73 N K AT 52 5 A B Wl A
PR R > 99% 5 (4) MU R 0.01 mm, =M 4+
BRI A PR AT 5 (5) EKRFEFF:10 em /NBBE
T 5 (6) Z2 B MU B JS 2 A1 e /MK AR S
B3 (7) A A 398 X R £ 5 (8) fbialAE
Py 5 AP E R SE K 335, SO ML e R A A IR A
Al
1.3 HMRERUE
1.3.1 &&MKF & SRR A = 3R
SE G RS ) I R TR A A R
W I A R 1) NH; Bl EE AR WOR T, 2R )5
FE MO T [ 28 I (J 1) o D i, ) B 3
FUE T e B A, T AE 10 ~ 15 romin ™
TERE S 24 R I U I , R B ICBE A 3% 1
3em IR, A5 L. BK 09:30—11:30 i1 < 2
h, LR IZET B BE . ARG DLG % BT
NG 2 WSO & ] 238 =5, SR 38 3 A A R R
TE R A KRR . DB A f5 il 3
it I A 34 55 25 0T BR A 22 4 R 4 R i TG 25 S R Ak
(10~ 15 d) o TEIRIETF 1A AT FNZE 05 X5 /N X 4 4
AT REE (0~20 em fif 4 B EBENL) , T+
e K NOs~ = N FINH,* = N & 50l e o
1.3.2 E2ERAKRAZAFHREAZTEZHMNE T X% X
KA K LTI HITE T AR WIS A 28 H) 3k
e A 11 H) k(7 H 15 H) ERINGT A
28 H) Jl2J (9 H 29 H)HEAT HI )45 /NX 4, 78
TR BRI R A Pyt 7 i TR AR T
i o

FORWEIEF A /N X B AL B 10 B 58 %
1) FRAB R [ 5L 56 22, SR S5 K 5 RS FF R RLRE
A URETTAL 3, SR PR B R T &L 45 6 B 3l AU
e FORFEFFFFFRL R R & &, ARG TR E A
E
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Table 1 Test the handling of fertilizing and nutrient inputs
5 Kb ﬁﬁHEi/(kg'ﬁﬁ7m_2) mﬂﬁﬁ/(kg'hm_z) /]\KHE*iﬁ@}Hi/(g'plnt' )
Code Treatment Fertilizer amount Fertilizer amount Fertilizer amount in plot
A XT R CK 0 0 FAE + ANt Flat + no fertilizer
o REREL R . - B + % 30 g
The plastic mulching + urea The plastic mulching + urea 30 g
o PR R " w0 RBOPAE + K 30 g
Flat film mulching + urea Flat film mulching + Urea 30 g
D AR + Rt R 0 300 FAE + IRFE 30 ¢
Flat + conventional fertilizing Flat + urea 30 g
E AT + it e AT 51 %65 A+ T AL 76.6 ¢
Flat + compound fertilizer Flat + compound fertilizer Shikefeng 76.6 g
P AR + IRFE + PREE I 20 300 TAE + BRE 30 g+ LIEENGIR 0.15 ¢(100 g+667m=2)
Flat + urea + urinary enzyme inhibitor Flat + urea 30 g+ acetohydroxamic acid 0.15 g
C AR + IRE + FRFEFF 20 300 AR + PREE 30 g+ FAREFFE R 1.2 kg(800 kg 667m™2)
Flat + urea + maize stalk Flat + urea 30 g+ maize stalk mulching 1.2 kg
- AR + IRFE + Wi A 20 300 TFAE + JRE 30 g+ BIIEEZ H 0.75 kg(500 kg 667m2)
Flat + urea + crushed wheat straw Flat + urea 30 g+ crushed wheat straw 0.75 kg
A Airflow
e

ot

i
PLAR A
Vacuum pump
NHM 7
NHs absorbent
2%H3BOs

1 HERGCRELZZA

Field in-situ ammonia volatilization airtight room air exchange device

Fig. 1
1.4 HWHEFAE
30 o BT TR RS B ] P Y NH 455 % 38 &
THEAS 2 R, s H &8 R, 11
N-WIR
Wy =(V-Vy) xCxM (1)
A, Wy 5 557 B[] PN AR P W R R B () 5 V
R R THAEFR R R ) i (mL) 5 Vo 7S 2 TH AR
ERRPRE A (mL) 5 C NFERIRPR AR (0.01 mol
LY s M IR AR EE R (14 g - mol™!)
NHy - N = (Wy x24)/S (2)
A Wy H8 A7 B[R] P B ER T W S0 ) A
()5S MlcHEde & iy 0 AL (m?) o AR 4 JIE J5 H
AR A INBGE AT A R N BRI &
%(kg chm2-d1),

B P
Ammonia absorption airtight room

2o iy = i

ERSXHREEETREE

TIRGIERIR R (%) = (i NEAL PR IX 245 Kk
St i - X R P X R BRI
Jiti & x 1005

REAL A R 3 2

FIERARATF (%) = Ko BE DX W 0 i/t A Ak B
X & & x 100

NERRR AR (g g™ 1) = (HIEAL I X 77 5 -
X B IX P o) /it A o

HERE T HR R (%) = (i JE X ™= & - X B X ™
1)/ X = x 100;

RACFI AR (%) = (it AE Ak HH XA R R R -
Xof B DA PRI R RE ) /i AU RE x 1005

HR AR - 49 T T A5 K

REFMK (kg hm™?) = (ili & = + & IHTC
PlAEE + B fbs) - CEBMI + 23R THLA
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H);

TIERZGH LR (kg hm~?) = X B8 X H FA
R ZBUE + X R DCH T 5% B LA - 4 IR XGR 4G
TSR

AR (kg-hm™?) = AR BUBUR & + LIEK
LA S .
1.5 HEHH

K Excel 2003 F1 SPSS 17. 0 B 14F %t Bdhs #k 47
ZH AT 225307 o

2 gER 5
21 HEBEEREMELE T ESESEENE

T

N 2 AT LA H i i AR I 45 Ak B A4 O 5 2R
HR LU i AR A 1H B R R K /NS AN A T
25 b PRAE Tt FEE )5 2 4 & AR T, ALC.D &b
FRTESS 2 RiA2IE(E; B.E.F.G . H AL FAES 3 Kik
FNEEAE , 2 )5 R BREAR R Bl B (R A4 RS , 4%
Ab PR A — YA N BT s, B 11 KA,
5 A B R A R AR AR AN Z S
G R B WIRAR, HEIEE 15 KIS, S b # 5%
IR EZES . AP S X A M, A
[Fi) b BTN ) 24 R R W S T Ao BLC.D.
F.GOMM R R EFA R & T AEHAH, &
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Fig.2  Change of NH; volatilization after

application of basal fertilizer at planting
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ML 3 0T LLUE it I8 f5 25 Ak B 5 4 R
OB LU R B A (R A4 R R KNS AT
AL i L E 5 R R R AGE BT, BR ALG
ALPRAERAE S 1 Rk BIWE(E, AR AL BARLES 2 Kk
FNEAE , Z )5 R IREAR A R Bl B (] 4R, 4%
AOFAR R SR A — 2 U B U Bl T B B R 2R
11 KRBT, £ A0 B X B 0 8 5 25 570 AN Al e
EFREXF IR A ML, S R ORI B R S . AR
FHHERIMEK N F>HS>E>D>G>C>B>
Ao Gt Z T R I, Bt IR AL B 5 7S 1 2 6]
ZRBERTBSECDSCESHES FAH
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Fig.3  Change of NHj volatilization after

application of fertilizer at side-dressing

2.3 AEBEELENERXKRKBALESELXRERE
=ap=Al

MIENE 25k R B E (B 4) AT RLE
AL PR K i A AE 1~4 dF1 10~ 14
do M\ B~ HAFZEAE K SHKE (3R 2),D A
RAYER RN 4.123 keg*hm ™2, E &L E b
H2.970 kg hm=2, A X B8 (4% & H R 1. 850
kg*hm™2,B. C. F. G\ H Z ¥ & &t 73 5 4 3. 243,
3.732.3.419.3.938.3.399 kg hm~2, K/MEKIK N D
>G>C>F>H>B>E> A, Jiti I P& 5 K& &2
X BB e 1 W) Ol S 4 A i S o, AR R )V
P MR YEEIAE 1.120 ~ 2.273 kg hm ™22 7], (5 it
NE&ER 0.81% ~1.65% . s HrRMI (£ 2),B% B.H.
FZ[,D.C ZHEHEK BREEFAREI, LR
FIH Z R B EER T E
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5o kg*hm ™2, K/MEIR AN F>E>H>D>G>B>C> A,
45 SRR BB FTE 4.223 ~ 6.330 kgrhm™?
T 2], IR 0 3.1% ~ 4.6% . ST ILBATE
£33 WI(3£2), B8 T E.F.HZ,D.G Z ), B.C Z[i%
2239 PR B2 AN SN, HoR b PR e) 22 5 .35
= 2.5
=%, 100 —e—A
%g ool —a—B
wE LS : ——C
Wél.o g 80p D
< G —»—E
0.5 ‘=2 70 —e—F
1234567 89101112131415 22 00 —m
i 1) Time/d UHTHHE sol
=E
B4 MEEEELIESIFELRRENDITE ng 40t
Fig.4 Change of NH; volatilization accumulated i%é 30k
figure after application of fertilizer at planting <§ 20tk
Tt AE AL 5 S A ke R AR AR AR & (8] 5) n] Lor
VAR A AT AL B % A i E AR TP TERT 7 do A T T T T e,
B LA B R SRR (3R 2) , F A K i I ] Time/d

5, M 8.347 kg*hm =2, C />, /7 6.240 kg*hm ™2,
THE A BHER TN 2.017 kg*hm~2,B.D.E.G.H %
VER BN 6.337.7.104.8.081.6. 888,7. 791

5 HEERELIESEXRRENNTEN
Fig.5 Change of NH; volatilization accumulated

figure after application of fertilizer at side-dressing
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Table 2 Soil loss rate of ammonia volatilization and flux

RIS (g2 BRI % PR S/ (kgm0 1)
L3 Accumulative loss amounts Loss rate Time flux
Treatment S S LA S A S A
Base period Topdressing stage Base period Topdressing stage Base period Topdressing stage
A 1.850a 2.017a 0.00 0.00 0.137a 0.286a
B 3.243b 6.337b 1.01 3.13 0.243¢ 0.474b
C 3.732¢ 6.240b 1.36 3.06 0.275d 0.490d
D 4.123d 7.104c 1.65 3.69 0.308e 0.524e
E 2.970e 8.081de 0.81 4.39 0.221b 0.808b
F 3.419b 8.347e 1.14 4.59 0.255¢ 0.935¢
G 3.938¢ 6.888c 1.51 3.53 0.295¢ 0.953de
H 3.399b 7.791d 1.12 4.18 0.254¢ 0.948¢

I AR AL B PR AR R B 2R TR E V2R (P>0.05), T

o

Note: The same letters denote no significant difference ( P >0.05) between the treatments. The same below.

2.4 AEMEELENEXTRRBERKEBTHEME

FER KRR R B R, A it A Ak B oK
PAE R HERA AR A, WFR 5 AT LAE A R e
AR FR T A AR, R A VR
K, BEEBRZ 3 TE 95% ~ 97.5% Z 8], H:
AAL TR R AR TE 92.5% ~ 94.2% Z 6 1E H K
KISl AN BR 5T 3, A ) it S Ach 8L ) 6 R A R o2
FERAZE /N, BB 3] B OKR PR s #B7E 35 ~ 37 em 22
(£ 3) FEHRTWILIG ERFFRIREAE K, £ £

KA A R RE AR AL BEAY EoR R R RN C> B> F
>D>H>G>E>A, R ERMAERKE
HEZAER 78 TR, A [R] it AE Ak 34 8] i<
FHZEANTK (R 4) o PRI IO S04 e 10, 28 1 7 J A
STAE 7 B it S Ak B 8 A K, W R AE 27,49
~33.05 em. FEAH At ARG OL T, 4% it A Ak 2 R
KI5, FE AN [ S R B0 0 A Kt A S K Bk
T AEARL, 2BV IR TR Tt A A 5 R S A
PR (8] 25 AN
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o535 &

TE T K BROR B, Xt T K AR Wk 1) 4% T 36 s E
FTIE S50 (36 5) . 78 B RMRE & B 7 T, 45
Jita JIES Ak B vy B 2 BE AN W Wb, Y R 7E 232 ~ 246 em 2
(] 5 PEARRR I R 500 T, %o BE A B P Rk e e e
FAL.5 A4S, H At AR A B B RfE 12.4 ~ 13,6 4
Z I MZEAR K ATt AR AL BE R K AR T A
—E M 225, O R T E e R R RS AT
THEALEE 2 3.96 kg, 22 BBy i 5 R 410 i 5]
+ PR Z it 8 Ak B AR T EE AN, 4 ik 2.69.2.70
kg HA AE AL FRAF AR T EAH 22 AN K, 7E 3.03 ~ 3.49
kgo TEFKKFRLE K FT7 I, ZEAER B VR BT
Jit A Ak BB A AR T B AT AR B, O 0. 156%
0.219% ; I PREGIN 7] + PR 2 522 500y 1 340 e FES

REPRE K R g =, M 0.386% 0. 390% 5 Hi 43Tt A 4k
S 7K HTE 0.309% ~0.350% . 16 EKFEF&G KR
D517, ARG FORMPRL & K R AL, 2BV EE S
ST 7 B it A Ak 3R 5 7K SR A i PR B R + IR 2R
5 2 RO IR P A A B 5 K R A

2.5 AEHEAEAL IR F KA AR TR E R =

=0
ANTR) i AR AL R ) oK TRLEE Q3% 6 iR, 2

T AR A T, 2B I 5 VR st AT ik
FR) KT 2 R Rt A Ak B, Y-
Jiti JIES A2k R KA T R K, ZB VR IR AL BER 2
ik 278.33.300.68 g, # AGEAL TR 5K 268.76 g;
B a5 B OK RS R B8 22 B R OK TORLE 4 i

®3 AREEELEERFEEKFARKS cm

Table 3  Different fertilizer treatments of summer maize plant height

AT ARFIHENEALHE Different fertilizer treatments
Growth period A B o D E F G H
B Seedling 35.20+1.83 37.58+2.11 36.50+1.25 40.12+2.59 35.55+3.48 35.64+2.44 37.16%2.45 35.23+3.04
AT Jointing 42.36+1.90 48.90+1.12 50.20+3.25 45.35£4.20 44.63x0.78 43.50=1.12 44.86+1.34 44.56+2.35
HER] Tasseling 79.85+1.99 133.50+1.75 158.05+1.69 85.60+4.32 79.95+1.88 92.38+2.57 81.10+3.69 82.52+3.84

HES ) Tilling

203.30+£3.42 201.24+2.37 204.85+1.40 199.70+7.14 205.00+2.38 201.09+3.79 207.71+4.52 200.50+3.47

JEEIH Mature 237.35+2.86 232.30+£2.16 234.55+1.20 241.64+1.12 243.17+2.20 240.07+1.58 246.42+4.40 235.59+2.21
x4 AEHEELEERAEERMHAHMS/cm
Table 4  Different fertilizer treatments of summer maize leaf length
B A AEALFE Different fertilizer treatments
Growth period A B o D E F G H
I Seedling 33.05+0.80 36.15+1.96 35.47+1.23 33.49+0.89 34.65+3.17 34.31+2.46 34.24+1.31 33.18+1.11
P Jointing 49.25+3.31 59.24+£3.25 60.47+3.66 52.65+5.12 50.33+4.14 53.28+3.70 55.65+1.56 52.85+2.46
FMHEHA Tasseling 78.54+6.15 89.98+4.00 91.62+1.90 80.38+2.58 80.47+4.25 81.95+2.08 82.50+5.14 80.66=+2.46

WEHIY Filling
JREAH Mature

100.15+0.78 106.13+0.99 108.09+2.20 104.30+2.69 100.40+2.88 105.60+1.77 110.10+£2.50 104.47 +3.65
131.15£2.22 130.21£2.37 135.60+2.22 130.21+2.36 133.00+3.06 131.00+2.33 136.00+2.20 130.45+0.98

RS ERMMEERT M AR S TSR

Table 5 Each processing maize the indicators data statistics

\ " . % A o GRS KR /% TR EAFERT Sk R
ﬁ%%/% %tﬁﬁﬂuf}#fﬁ/ﬁ\ E}Z%?&ﬁﬁﬂfﬁﬁ//l\ 3% E}qq:ﬁ/ko i Eﬁ%}*ia'ﬂ(i/% N Eﬁ*nﬂ:ﬁ'ﬂ(}:/%
gl . . Plant dry Maize moisture Straw moisture
Seedling Plant leaf number Plant leaf number R
Treatment . welghl at content at content at
emergence at tasseling stage at mature stage
mature stage mature stage mature stage
A 94.2 10.8 11.5 2.91 0.309 0.663
B 95.0 13.6 12.6 3.11 0.219 0.512
C 97.5 14.4 13.6 3.49 0.156 0.536
D 93.3 11.0 12.0 3.03 0.321 0.690
E 93.3 10.6 12.4 2.70 0.386 0.740
F 93.3 11.7 13.1 3.96 0.350 0.548
G 93.3 10.0 13.0 3.21 0.340 0.700
H 92.5 10.5 13.5 2.69 0.390 0.742
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286.37.276.44 ¢, Lb & FLjit AL TR 8 /5 18.61.7.68
go AT FARENE 5 IR0 6177 + PR R i NE AL 2R T
REHE 2> R 273.32.274.05 g AS[A] it HE 40 3R] Y
TR BAAE—E 25, WAL, 2B E A
55 1 7 B A B %) T K™ B L i R S Ak 3 o
o PRt AEAL FE ™= ik 15 082.5.16 500 kg hm ™2,
LU H Rt I b BRI 77 24.98% .36.73% ; 74 7 oK FG
FFAE FR % T 22 BB BG83 0l o 12 355,
12 250 kg hm ™2, HoH HUMEAL &5 2.38% 1.51% ; Jiti n]
TGN 5 PR E R+ R R AL T 4
12230, 12 175 kg + hm™2, Fb 3 B HE &5 0. 45% .
0.89% , L2, ZB A7 I 5 -1 7 e Ak
R EOK R S H e R B oK R B
®6 FEMIEGEERKMATHE. ETE
Table 6  Different processing each district maize

1000-grain weight, spike number, output table

g
THEg M e IO
SO . o (F=5)/ %
1000-seed Grains  /(kghm™*) .
Treatment eicht - aik Yield Compared with
wes per spixe e conventional
A 265.8% 36 11562.5a -4.18
B 278.33¢ 38 15082.5b 24.98
C 300.68a 38 16500.0b 36.73
D 268.76g 38 12067 .5a 0.00
E 273.32f 35 12175 .0a 0.89
F 274 .05e 35 12230.0a 0.45
G 286.37b 35 12355.0a 2.38
H 276.44d 33 12250.0a 1.51

2.6 AEMIELEMEXRHEEZNARRES
TR

AN TR AEAL BT FORFEFF FFRL & Al FAL R
FIRRCEA AR (R 7). MFEERE R T L2
VR IEE 5 - 1 78 58 it JIES Ak HL % 4 B K, 43 301
240.125,266. 345 kg hm~2, H 8 M it AT Ak 2 7 M
37.892 ~ 64. 112 kg~ hm ™2 ; 33 19 il HE A BHAR A T 20
B IRE 59.203 ~ 85.423 kg hm~2; Hi 4t Il ik
PR PR 20 340 o T U IE 4. 462 ~ 32.544 ke
hm™2, FEABECEAHF LT, AR H AR
FIHZRKIMEK }:B>C>G>F>E>H>D, Z&{F
T 555 A 70 OB ot I Ak 8 4 28 ) %8 b e
ZAL TR 19.45% ~ 21.82% ; Fo 43t JIE Ak B4 5 )
FHR MR 2.95% ~ 8.70% , {HAH 1. 22 6] 2
FAK.

x7 AEEELEBREFAE

Table 7 Nitrogen use efficiency of different treatments

e R & A i%’ﬁ%’? Hfﬂ*iiﬁ‘ HEF § ?JF?LHEZ?

Troatmey 7 (ke hm ™) AKATR % WK/ % JHRS % SRR/ %
Plant N content ~ SNDR CRF RNF AUE
A 180.922 — — — —
B 240.125 0.753  21.450  51.12 5.87
C 266.345 0.679  30.950  48.75 8.23
D 202.233 0.895 7.721  29.30 0.84
E 208.213 0.869 9.888  33.66 1.02
F 234.777 0.771  19.513  35.89 1.11
G 232.617 0.778  18.730  38.00 1.32
H 206.695 0.875 9.338  32.25 1.15

AUWORAR RO R REM AR S = 2
/b iR T B R R v 2R 2R A L
FE 7 AT LAAT Y, bR T 284 2R 5 A 2 Rt A Ak
FIEL B PR 2R Ak B OO 48 Bl AN, oAy
Jit JIES Ak B A ARG L 26 0 AN K, G v S 1 2 OB i IS Ak 3
o FEARIRII R, 2B A R 5 T 7 it A
WP AN 5.87% \8.23% , i35 T 1 WUt R &
(0.84% ) LB 5.03% ~ 7.39% 5 E KA FT 78 76 16 fIE
Qb P55 RO RS FE i A A AR 22 0RO 1.32%
1.15% s it n] =4 B0 55 PR Al 400 4 51 + PR 25 b #EAE
PFROR N 1. 11% 1. 02% o 45 it JIE 4k 3 %) HE R 52
R ANIF A C>B>F>G>E>H>D; ZEEIE
V7 I A Ak B X T K 3 7 ) BT R R e A
21.45% ~30.95% , 1= T % Ht L AL 2 13.73% ~
23.23% . MFEMEEEHE T, TIEARIKAAFEKR
NI :D>H>E>G>F>B> Co o 5% Wit
FHPR ZRACPEAH L, 28 78 J5E 5 -1 7 it S A B8 1)
REMRATFHET 14.2% ~21.6%
2.7 AEHEPEANIE RS E KK H R E T ER N

I X EKAERKZEN 0~ 20 em + 2 AR
Mo, T AR R AR TR L (K 8), &
A X A [ i S Ah PHE 2% T WACHR 1) 6 KA o S 25 T 1
SyBTEE R 7 A AR RE O T, AN R A Ak 3
FIVH Rt FH PR 25 Ak B 2 ) 008 i A AH 22 1R /1N, 7
0.55~8.25 kg hm > FEA FH M th Wi, ZBAE B S
S 7 S it A Ak B 5 KL I A L L R S 0 1
Y R R Ik 18.73% ~ 31.70% , 1 HLfe A % />
REFMIE 18.47% ~ 21.66% ; A% 24 % £ KA
REATE N 40.462 ~ 68.672 kg hm ™2,
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Table 8 N balance during the growth season of maize
e AW N input/ (kg hm™2) A N output/ (kg-hm™2)
Treatment R A AR TR (A EAREH R THLA ESVEGES TN
N supply Initial Nmin Netmineralization Maize uptake Residual Nmin Apparentloses N surplus
A 0 52.80 176.70 180.922 48.59 3.87 52.348
B 276 57.75 176.70 240.125 93.63 9.58 279.805
C 276 55.55 176.70 266.345 65.21 9.97 251.775
D 276 58.85 176.70 202.233 132.62 11.23 320.447
E 276 55.00 176.70 208.213 122.79 11.05 310.437
F 276 56.65 176.70 234 777 97.87 11.77 286.243
G 276 58.85 176.70 232.617 102.23 10.83 289.663
H 276 61.05 176.70 206.695 130.36 11.19 318.145
3+ i ST RERE TR L , o N 1 SR iz R A B

3.1 ARMEEHMEXKRELRERIFELZFMN
o x FORA FH ARS8 AT s A R
5 55 73 BT A W 28 4% i 1Y) 2 R TR
15 s ZRUE AR LA S R AT A A — 30 e
NE S 5 A A0 R B W ORI, R PR 2 - ik
NER R IE Ty R IERLS 0~ 20 em TR G, BT
it FE 7 2O 2 A 2 > Bt IE X R T
LIRS 5 R, IR A - e B 3 R
PR g RS IR D O i, 47 i B8 2 ot it A T
FEMFEAR. IREWIEE AT LA/ 5 HIER G
SRR R, 15 Sl R s ) , o S K s TAESB AT, e
NE T 2R PR F AU 7 A F 13 F5 O 57 B K 3 il
3 E oK TR IR T 2 Ko Bouwmeester
SRR IR E I RAE 2 S S KA O, M+
HOK &R BT 109% 0, BIER Rt m 8%, 1E+
R K& AR IS OU T bR 1 R 3R [ AR ORL Y
Ve TR R R S ST o e B R A TE AR 1Y)
Al s BRI Z AN, AT WS R B BE T RE XS AR
RASRTEE SR AS AL TP AL f], i /e hn
R ECAE AR o], Hor, /A B R d 2
Bt 55 0 8 A P o o) O T O 2 DR i
F T T R 13~ 14 3 it RS B R R A R, 1 8
VRS 5 e, T A0 Ay 1 40 - R B AT, P LA 3
NESA 5 AR KT AN
3.2 AEFEIEAEXT EKKHTIERIFELR N
PRI A5 ), AS [ i A A 3T 245 & 0 R 1
U] o oA 2B AL 38T 245 R R N,
AT U AT AL, 11 2 R 4 BT ) 4% 4
FAAL T A AC A B 22 A 2 R
JBET, — 7 T e S /5 A 2 ] LK it N - 3 5 , TRl 4%

T, G835 AR AR, g — T T RS AT A o 24
KA R W s, ATk B B AR A4 A AR
AR o5 5 T bR B 50 em 11
TCHE MGt B T B R A B v, i H R
At AE R B L 2 B I, I & 2B VR R
S bR IR R, 2B AL B AR
[ i e R R L a1 b S vl
AR R B B A R MR B T K 9218 s R TR O 7
BB, M T i R BIR A AR 2 3
TR BE RN R A B, 2R T i R i s, i+
ARG AT FEE AL, 245 & H%
R m FEAEE. B TETEERIEEA P.K
JLE,H NP K FHEN 18%, N T RIS B K
BR8] i R R R R AR 3 45, BT
DI P K ST M SCik RIS N P B it
AT R0, P S 5E R R IEMHX KR,
Rl R A e A P T DM s P & ¥k
et TR R o PR ZE S 0 bR A ) 0 A 1 1
Jo 5 B DR B 6T PR 2% 40 A S IR T (B AR
5 UKL PR 2R B 1A 55 DR it 400 ) RTE 5, X Rl
PRZR ) gt ok B Jin e, E 7K 5 0 e P s, -4
JZ NH, P R BERA R, 24 K b om ; 3 5 FOKRFE AT )G
R R B A i R R m AR 2, 2 MH
IR EORREAF A o6 B3R T 3R 12
T A SRR, RS IS PR R bR & o
fife , it — AR AR . F BB RR R — i
A5 T LIS HIERIZ S S, R
AL 5 A i iR AN T HIG I s A —
RE SR AR , R & s e
3.3 AEMELENERERKAEBERTENTMN
AN EAE AL FEXT FOR A K R B AR KM,



%5

(710 N Y S Bl R E 7 D B 7 S B B e e K -2 ) 87

TE T RAE KR BRI, 4540 B IR] A9 KA bR A K1
BRI K . MG T WA, 22V B A1
T B it S Ak FERL ) 6 K ok v A K I A a5 i B S, o) R
AbFR ) FORAE AR A F NS . SRR FORAE AR AR
FHE RS I, 5 22K 1 954, 2B A7 RN -V 7 e
ETORA KT A LR, HERs SR, Tk
WS Ry 2, T L 38 0 48 A T EORAE AR AR
KRBT HE RN, X5 /5 2500 By
SERA—5 WAL B TR o E, LAY
JIT A 15753 BLAE K P AR 0 T SR /D BT L 2
KA (ARSI, 0 4D T - 35 0 B A
I, ASBEWE 2 F ORI AR 43 138 VIR SR s T
FREIRRE . F RGP L B TR K 2%
18 TR, E IR IR ) 22 55 3 T Fok
oA B 38R 2K 43 (1 78 S R B K i, R 4T R
BOR AT AR A K LT, Ma 20 8F
FEFRM, 2 TR EALGBE R A, 25 Tk F R
W PEUEMRA KRS RN, P PG
FEERWCIR BT 9T, 28 1 3 R 5 1 1 3 B A 34 1)
TR K 5 R R AL, Hrp R B
Jiti HE Ah P K TR T e K, ZEVE B AR PR 2 s B
ToKFEFF 5500 22 340 FH AL B 27 ] T T E 22 5]
AR AR TR AL . TR 5y, PR
[ 55 ZB VR B I oK R 1 B o T e IR AL PR
VRS B PR B A6 700 + DR 28t S Ab 38 oK ™ i A
1%, 0 B AE AL iR D, Liu 525 151 B 25
R LA 5 K A K 11 e ) 2 6 T T K 3 3 30 1 st
[ AE K, BT DA T K2 TE B A 3 01 o B
B, FOR AT LA N, 5 R AR A L, 22
VEBL I 5 AR B IR AL B 1) R OK 7= vy, AR b FE S
ZHZERAK . T LUk B, B R A R A 80 in
FOK TR S i, 3G R R, T E AL
PSR €S AIY Ny N
3.4 AEAMELEMEXRGREMNAREEE T
9p=A!
AP, 76 U it FH 22 A TR 1% B0 AN [R] i
B - AR FHELRXNAB>C>GC>F>E
>H> Do Jifi A+ 58RI BAE, — 75 10 28K 35 1 ik
K5 73— 7 I 2 B R R R B KA, X i
BAF AR TN EERHENZ —, BRILZ, &
KX R FE WU 2D AR R R AR AR/,
i A X v 2 0 - AR R A R RN R
THERE R AT E K ME YRS 5 2 Y mloR]
R R R R R 8 R A 4585, WITT
b eSS LA R (HIX — B I EOR AR R oA /N X6t

TG RAT B, 7 LA - bl R R G 532530 1A
REFI IR ) 233l 5 5 s ARk o BIERAEK
JE I W RN T R OKAE AR S R RIS 75 2, T LA
RIEHIFIFH 2K

£ PRt F RUIE — A EE AR o 3 - 1
WA 2 R R TR EL AT A 2, 58 - PRIk
RAF Tl LU R4 S AR & B . 8
X RAERKZERN 0~ 20 em )2 YR K PAHA,
75 H AN [ it A Ak B8 2 ] 1) 2 LA 2 4% AR A ], JHrp
T A T TR 7 A B L A e ES Ak %o R
Y AR 0 18.7% ~ 31.7% .21. 82% ~
32.72% ; A R WP L RO it BE Ak 3 R IS
18.47% ~ 21.66% ; I . 2% 24 4% 1 LU # Rt JIES 4 3
ik 40.462 ~ 68.672 kg-hm ™2, 7EBA jiti A B AL 1
BT, 3 5% B R R R R B R R AR,
MrgEtE, AR W EA RS, JE R,
T HETCHURIR B o 4 KB A, L2 5 4 R g A2 i 6
2%, FE5 LR G B8 RSB 2B S AR
BEEAL P T B AR, AR BT AR
G RS FORA R TR, P Rk e
B EAE P O A S B A IR T R A e AL
B R R R R BRI

4 %5 B

AYGRIGAE FOR AR BT, L0 a5k — 4
FREL T 15 d, BB K —SLRREL T 11 d, 224
K 2R HIEER 0.81% ~ 1.65% ;3B IE I 14
Pk SRR SIEIEEN 3.1% ~4.6% ., 5 )8
AR FIE G245 % IF g SR — 324 L B + DR 3t A
QI RIRBN AVYERE H + IRE i HE AR
FGS I R BB 500 + PR 3R 233 I 245 A& 5 B2 5 1 HL
B + IREMAE ST, BIEA &, TR s A ™
HE T HEMEA R, 25 BTk, BYEB NS T
TN + PR TR (LN ) /FR i HE 7K (GBIE ) (it A Ty
AT DAA R A 4 49 2 R A0 2 R ok AR K R
B L WA PR Rk g T L7 it A 45 A R
i D R e 58 3, AR TR TS e/ o
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