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Experiment on Nitrogen Utilization of Maize under Different Water and
Fertilizer Conditions Based on °N Tracing Technique
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Abstract; The aim was to study absorption and utilization of nitrogen fertilizer of maize under different
water and fertilizer conditions by using the "N tracer technique. Three irrigation levels (200 m’/hm’,
400 m’/hm’ and 600 m’/hm®) and five nitrogen application levels (0 kg/hm”, 150 kg/hm’, 200 kg/hm’,
250 kg/hm” and 300 kg/hm®) were set. The absorption of nitrogen from fertilizer and soil in different
organs of maize was studied at maturation stage. Soil nitrogen excitation effect and nitrogen fertilizer
efficiency under different water and fertilizer conditions were also studied. The results showed that the
nitrogen absorbed from fertilizer by maize accounted for 33.32% ~ 43.54% and the nitrogen absorbed
from soil by maize accounted for 56. 46% ~ 66. 68% under different water and fertilizer conditions. It was
showed that soil was the main nitrogen source of maize growth. The different organs’ competitive ability
to nitrogen from fertilizer was different, and the expression in a descending trend was grain, leaf and
stem. Increasing of nitrogen application could improve the absorption ability of maize to nitrogen from
soil, but it was necessary to increase the amount of water when excessive nitrogen was applied, in order
to make the maize absorb more nitrogen from soil. The "N residue in 0 ~ 60 c¢m soil layer was increased
with the increase of nitrogen application rate. With the increase of irrigation volume, the residual amount
of "N on the surface was decreased. When the amount of irrigation was 400 m’/hm” and nitrogen applied
was 250 kg/hm” | the yield reached 14 063. 04 kg/hm’, and the soil nitrogen reservoir was in equilibrium
state which not only achieved high production, but also met the needs of environment friendly. The
conclusion can provide reference for the management of corn fertilizer and water and the sustainable
development of agriculture.
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N1 Kb B F K25 0F CFFRLR BRI R R B
fIlKF N2 N3 N4 b (P <0.05) . it B 24 it A i 482
iR, ERS M RFXEZRA T, N1 A
BF,3 B K S ok ok BB R AR
BT EORAFRR B IEE AR (P <0.05) fHY
FARZERANLEPHARERAEE (P >0.05),
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Fig.1 Absorption of nitrogen from fertilizer and soil by maize
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HEOK N W3 I, N4 Ab Bk B OISR AR SR R, B
N1, N2 Il N3 Zp 5@l 7T 123% (P <0.05),
30.69% (P <0.05)F14.42% (P >0.05), £8H,2H4
JK B FE R I, B e 4B AT LA AR X S RE R
F I WA RE 3, T R K R S I i Se0AE X A PR E
R W N BE 7 H B AR (E AR A
F o ANTE) g E AIE R Il Y R AN TR K E
AINRBLO RF R M 2R R 2R B R R
Wy & i AE B R 62.33% ~ 68.59% |
16.66% ~22.69% .8.72% ~21.01% , A[6] /KB
S F T R MR TN R B R Y 33.32% ~
43.54% , XF - e b R I Ol i OB R
56.46% ~66.68% . FIr A7 b P AR R W 1 HE R Y
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Tab.1 Uptake of nitrogen from fertilizer and soil by

maize under different water and fertilizer conditions

kg/hm2
ok B ek kBl R
b # : - ;
B i AL = i h e A
WINO 0 0 0 16.85° 22.93°0 54.35°¢

WINI  8.27° 9.99° 24.12¢ 21.05% 25.75° 77.29"
WIN2  12.35" 14.19" 45.92¢ 30.10°" 31.26™ 84.29°
WIN3  13.80% 17.56® 56.24% 25.27" 26.24° 68.58°

WIN4  13.32" 16.50" 50.02° 22.37°" 33.93" 66.74°
W2NO 0 0 0 17.88¢ 23.60°" 56.78¢
W2N1  8.63° 10.04° 28.76" 24.77° 25.06° 77.90"

W2N2  12.79"  15.14"  48.95° 30.34"" 29.03" 82.46™
W2N3  14.69" 18.26°" 72.64" 32.38" 35.54"™ 86.03"
W2N4  13.83" 17.65" 69.46" 29.14*" 33.01"" 84.03*
W3NO 0 0 0 19.55  20.22¢ 54.13¢
W3N1  8.60° 9.78° 27.16% 22.74°" 23.27° 80.74™
W3N2  12.39" 16.12" 49.21° 27.38" 32.77" 72.59"
W3N3  15.39" 19.60" 62.29" 28.43"" 36.93"" 81.43"
W3N4  15.62* 19.95" 66.01" 29.55" 37.95* 83.11*

TE < [ 8B 5 A TR /NG 5 B2 [ F 45 B A 6l 4k 178 0. 05 7K
2.2 AEKBEHETEMENLERN AR
A 5 Kt T AL R GE 1 5 R A B R Y
BLRRR B RO o R R RO R T
TR PER B T M EDIR O . Hi SR 2 ATRLE WL TR
AR KA T, LA RB R RN 127% ~
160% . Fir Ay Ab B 7 AE T IR B BN . B W1 4k
AN NT AR BT + R R PO R N e R K
By W2 i AR N1 AR PR Y R R UK R
Fofto 4 FRFFEAR 1 14 .27 19 A H 3 5 (P <0.05) , 24
HEOK AR D W3 it G NG b B e S Rk
R H A AL PR AR 7.22.26 1 20 5 (P <0.05)

e 2 HE K 78 R ) B e SR 1 R A DA - 4
HR R P R S T T T KOS S B 3o it 2R
SANHIVE DN I A R KR W
W2 W3 B, 4 58503 0k 3R 5k ) b5 KOk B 1 e L it
351 N2 N3 N4, FIER R WA RRE T 154% |
157% F1160% . 3= WIHE 7K F i 2 34 25 52w + 3
ES &y QAR R 0 4 ) AN i e o R s
RS T B A i T AR 0 AR Y SRR KR AL L BE
I - 3 R U A R R o T g R K R LA i 4K
O RN O W A K AR A T e i
A BRI, B AR L 30 - R R

R2 TEENBMEHE

Tab.2 Soil nitrogen excitation effect %
K it 2R AR BER R
N1 131°
N2 154°
w1
N3 1270
N4 130"
N1 130"
N2 144°
w2
N3 157¢
N4 149°
N1 134"
N2 141
w3
N3 156°
N4 160*

2.3 AEKBEHTIERMEEXREE

B2 A ZH e AR RE . NE S
A LAE AR KB ELN 76 0 ~ 60 cm + 2 H i)
HFR B RR 16,54 ~ 117,55 kg/hm” i 25 Jiti 0 it 1)
B ,0 ~60 em )2 TN Bk B R AR S B
ORI RAH Z W2 R B E(P<0.05), Y}
KR W B B 2R B RN O N 5% B S
DA, 0~20 cm 20 ~40 ¢cm .40 ~60 cm )2
N Bk RN SRR R 41.99% ~
42.86% .32.40% ~ 34.70% Fl 22.44% ~ 25.61%
(FEEMEFEE,P<0.05), YHEKEN W2
B, EREHRUN SRR, 0 ~20 em 20 ~
40 cm 40 ~60 cm + 2 "N 5R 83515 UN R
MY 36.13% ~ 38.54% 33.14% ~ 35.22% Fi
26.24% ~30.73% (0 ~20 cm + 215 20 ~40 cm +
JRE) 2 AR, P >0.05;5 40 ~60 cm + JZ [i] 22
RE® P<0.05), MEKE N W3 H,0 ~20 cm
HJZ N 5% B W RN, T 40 ~ 60 cm 2
HREN R R RIS, 0 ~20 cm 20 ~40 cm |
40 ~60 cm + 2N BR B AR B N SRR Y
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Fig.2 Residual of ”N in different soil layers

32.89% ~35.63% 28.37% ~35.12% f129.25% ~
38.74% (% LZMZERARE,P>0.05),
2.4 AEKBEETREHRK

R I R F IR R B IR K UL AE
PR =R Z IR 8 32 AR Xk B 0 HE R
BAESE XS L3RR 0 — R MO0, B N 4 1 & W
b B R E RO, B e KB A %, £ 3N
ANTFZK AL 200 R i E B 2R 3 o AN [a) 7K I Ak 34 1) 2R
JIE 35 2 %k 25.79% ~45.28% . W3N1 kb F 4 IE 44
SR KB T 45.28% , B E T MR (P <
0.05) . XAl REJE i T Kt 2, it AU K, i A
(14 SUIE 22 5005 F 7K v B 7K 3 2R 2 A o R T it 4R A%
R AUIE 5 R SR B R B/ MR IR Oy W3 W1 W2,
A DLHE K 2 5 FUIE 3 2k R S R R, i K
3ol RSk 1 AR I K T 2R T R K R AR 4 kR
JE 7= A AR AR o AR TRDE K 2 F R N1 4 B i) R 0E
E N T = s N B B = 1 P N = P
42.48% 41.59% M1 45.28% (P <0.05), 7£ N1 %
PR A K S A R] VR B i i N AT KT
FoA AL BE (P <0.05) , 2% W it 260 4 4 41K 43 JC vk il 2
MMRAE KT R, Ml REENS i T Ak
., W2N3 W2N4 kb3 ) Z B 2% 2 0 2510 T HAth
AEFE(P <0.05) . b BIE B K BB B b 23 7840 & 5 K
FUE (4 V8 A, i 5 A bk 52 20 R, s 20 K BE 1
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Tab.3 Nitrogen fertilizer loss rate under different

water and fertilizer conditions

s ~ FE P ks
o N jiti i &/ 5N 5N gt/ EYiEEN

(kg-hm %) /%

(kg-hm*)  (kg-hm™?)

WI1NI1 150 42. 38" 17.90° 42. 48
W1N2 200 72.46° 59. 83¢ 33.86°
WIN3 250 87.6" 73.76¢ 35. 46"
W1N4 300 79. 84¢ 112.79° 35.79"
W2NI1 150 47. 43¢ 17.19° 41.59%*
W2N2 200 76. 88¢ 47.27" 37.93"
W2N3 250 105. 59° 79. 93" 25.79¢
W2N4 300 100. 94 117.55* 27.17¢
W3N1 150 45.54¢ 16. 54¢ 45.28"°
W3N2 200 77.72° 42,511 39.89"
W3N3 250 97.28" 60. 84¢ 36.75"
W3N4 300 101. 58 90. 23" 36. 06

2.5 AEKBEGTEXFEEFURE

K 3a M AFEKAEA BN Bk =5 T 9 i
B XR MK 3a hal DLFE K785 T 90
R EELE AR, BA BRI A, e &
R =0.992 8, ik B A [ 7K BB Ab B G R OK 7= B
TV R AR —2, HE 3b3c ATLLEH,
5L R B ERAERTY R ES
e (P <0.05) o fH i 06 7= = AT ) 5 $E A
TEBIE , M HE K& W1 A W2 i), Bl & i 2 & 1) 1

12000
I
. 11000
10000

9000

N1

(b) TH g

AR ST LA B S T Y LR

Yield and dry mass of maize under different water and fertilizer conditions
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I, 7 R0 T A BT BR AR R B R SR S s Y
TE i 28 5 A N3 B T4 Jo3 o F ™ i 38 B d K, WL 43
Wk 25 218.68, 13 192.88 kg/hm’, W2 /43 5l K
27 672.60 14 063. 04 kg/hm’®, B % & F H i &b 3
(P <0.05) 4K W3 I, Fifi 35 i 20 & 19 3
7 AT o R AR A A S g 0 A, TR i A B
N4 Bf ) Jot 6 F0 ™ 8 B e K (5 N3 b3 2% e oR
WE,P>0.05; 5HAMAIE2ZE R BE, P <0.05),4r
Wk 27 377.33 13 963. 73 kg/hm’ 15 B i /K & 3
%2 o A 398 B K 38 0 A1 T v W A2 AR5 K, s
AR o M K e v 2 fol TR}l A E K 2R, T
Ao K NERME T

3 it

R ERERTHEHLEILE, K XEYE
KEEEEMHRAOER" ", exs " #HE
H K EO B R PR R R . D, AR
il B AT B AR — (X8 90 kg/hm®) | 78 AN ] 9 7K R
A E BN AN AR i 2B 58 IR R R A
A A ERAS R B AR B R . [ B X
FKRAART , AR R it A, 4558 %
Wl AMCE R AR S 2R RAER VML
Z 5 AR A A R P IR R BE R (R
BN APRERL 25 o IR T A0 6 R R HE g - g
o R OKR R WSO R LA T R Y, AR E TR
RIS iE . AFEPKRL G, ERpok A REE $
MR N 33.32% ~ 43.54% , %k H + PR N
56.46% ~ 66.68% o X 5 1114 [ BF 58 A —
BEARI T R R Y R B RIR A, I
S FE ] R B TR S TRE N G S, £
W DA, S R A 1 SR 8y 4 SR T AR B S 2
il 5 R K R RN, R R A, 1 N B il
F9 LA 3 AT A Pl T R A T B v R P
B35 K, e i il R R K 21 T 300 kg/hm? | 1 i 25 1Y) £
i U 189 kg/hm® o i B A2 S B IH
LA P 8 P AR T B K 2 o 4 TN Vi, R 4 4
B SR R R R W SR Y
W, REPRAEY I EANAZE M EHEP AR
AT — RN, I B A B bR id /A & 2 AR
Fric MR R B, H b 2R T A

VP2 BT I W10 72 3k 1 Y AU A &
XK 20% ~35% 10 VG Jr & ik B K AT LLA 3] 50% ~
60% . H &N jifi 2 8% T b A 208 s . 3 4R
Sk B R B 22 1 2 5 X ISR B R R, 2 A A
Sh %R P B i AR A R Ok A RO N
BRI HE R 55 25 (1 1 15t B0 45 SR AT A, 90 L Ml

VEVEAT T AL, OSBRIk R B S A
F# T 45 0 U A AR BT 7O, B
MR T RUIEA AR . AR BT B B B
2 R A RCR AT T 00T, IF 75 B Rl 1 A
IR T M ek S0~ 98 2 4 8k A 98 R
T M. SR EN R FEK AL B, ZUIE
FIFH RN 26.61% ~42.24% , HEHEF R IR 2
it 5 e A 0 380 T DR /DN o 7t R i 250 kg/hm?
HEOK BN 400 m’/hm’ B, B IR R R E N
42.24% . T FoiS7E R b B (W R RN ) I8 R R
Ab PO W W R 3, AL A B 3G B K ) UNE A
FRHEARAG . A 7] K 4% 1 F, %8008 48 2% R ik 5
25.79% ~45.28% . Jiti A B R NEBREL A 80 FF 43t
AR R SR R F T R 9 T 1 0 R i ) - S LA
E o LR PR & AR 0 0k @ 2+ EEAR AR A
B 5 A BE B R 4 AR 2R 0 A Y R 2 R
Q3 b A A HE R R AL S AR R R L RJE R
AT g o [ 58 RUBE B X 3 [ 40 b X A H o
LI TR, R R AR RS 1% AL AR
WAl B K 1 R AR, o 34% , LAk 4%
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