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Effects of partial root-zone irrigation and fertilization on
spatial distribution of available nitrogen in soil

HAN Guojun, CHEN Nianlai, CHU Run, SUN Xiaomei, REN Jianxin, ZHANG Li

( College of Resources and Environmental Sciences, Gansu Agricultural University, Lanzhou, Gansu 730070, China)

Abstract ; In order to study the effects of irrigation and fertilization in root zone on the transformation of soil ni-
trogen (N), two fertilization methods including hole applying urea and fertigation were used with fertilization rates
of 240 kg - hm™ and 180 kg - hm™. During the experimental time, two irrigation methods including full irrigation
and partial Toot zone irrigation were tested separately, with irrigation amounts of 14 L, and 7 L. The NH,-N, NO; -
N, and alkaline N contents in soil were investigated, and the spatial distribution characteristics of different forms of
N after fertilization and irrigation were analyzed. The results showed that the NH, =N content in soil was more easily
distributed in the soil, while the NO; =N content in soil was more likely to migrate horizontally. In terms of spatial
distribution, the variation of soil N content was: NO;=N > NH, -N > alkaline N. The spatial variation of soil NO; -
N content was 32% ~40% , that of NH; —N content was 26% ~37% , and that of alkaline N content was 6% ~12%.
The spatial variation of NO; =N content in partial root-zone irrigated soil was 16% ~20% less than that in full irriga-
ted soil. The spatial variation of NH; —N content in urea hole-application soil was 12% ~28% less than that in drip-
fertilized soil. Therefore, N conversion rate in soil can be regulated to maintain the effect of nutrient stability re-
lease. The optimal method of fertilization and irrigation was the combination of hole-applying urea and partial root-
zone irrigation, which improved the soil N supply capacity in this experiment.
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Table 1 The treatments of fertilization and irrigation experiment

3T e PR E WA AL
Treatment Fertilizer rate Fertilizer management Irrigation mode Irrigation amount
o KRR R R ;
R Hole-applying urea Partial root-zone drip irrigation
RSN o VAN
F1 Constant fertilization /\Fﬁﬁ%% K%{Eﬁ{g - 14
240 ke - hm™> Hole-applying urea Full root-zone drip irrigation
o WG AR ,
Fertigation Partial root-zone drip irrigation
A2 N 7SS SRy BIAR DX ik 1 7
WL AT Hole-applying urea Partial root-zone drip irrigation
Y, Nk J\SRE
F2 Reduced fertilization /\Eﬁjjﬁﬁ }Eﬁ{%{% . 14
120 ke - hm™2 Hole-applying urea Full root-zone drip irrigation
D2 ° T AT Jay BAR DX i ;
Fertigation Partial root-zone drip irrigation
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FHT S 25 R B35 ORI B it 2 e g s, G
WMEIEARTE 1.4 g - em™, pH N 8.12, i) 5K &
22% KL 8.10 g - kg™' , 2A 0.62 g - kg ', T
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A 2 mol + L™ KCL 3242 —F Wy i kb @200 52 ; +
AR S i R A o 0 B VR I ;5 - S el 2
i IR HOE I E T B AU A AR
1.4 HIBEABEESGITHHT

FH SPSS 20.0 #£4T ANOVA PR 7 22508,
Duncan’ s 7 &2t 25 1 22 5 R Ab 3 22 o) /9 W 35 P
(P<0.05) M2 HAEH . H Origin 9.1 FAFEE,

120 .)
e ’

2 ZER50HT

WEADNBERERTESKEZTENH
IR 53 A5 B AR BT B[] P b 3R LA T
B AOK &, HURME HIE B &R E, +
BERMIAB AR K B S KR/ Z kB
JEREE . THHE L HOK I A B R e T
K 5 Zetg s/ N (I 2) | JEHAE TR HETT LR Y
10 min P L3R AB BURARLECR, 7 0.0154 kg -
m”? - 57, 52 M ,30 min B 3 A B (0.0068
kg - m™ - s7") FFE 56% ;76 120 min B 3 A5
/N 50% , HAEAL R 0.0035 kg - m™ - 57
HEKZER 5 d JE 2580/ N X AR X oK
&2 Ji7R , JR AR DX A B ) T R VR U X 8 S A
ST HEEAL B 1 3 K i 2 )22 AR/ H 2 A
PRGHE KB40 7 LA 14 L, EREES L 0 em
A, JE AR DX HE (/R R AL/ A2 TR i AR D1/
D2) AEFR 0~ 10 em )2 HIEE /KR BE/NT 30~40 em

2.1

E <o - 0.05T
NURIPE T, 0.04
P S
R EZ0.03
iy 2%
i = 002
20 ~ A o017
209 === == . . . . <
[N jiti fIEt £ Fertilization point o . )
30t==1="°r-- @i #E 45 Trrigation point 0 . . . . . . : !
v O o HUFE £ Sampling point 0 50 100 150 200 250 300 350 400
0 10 20 30 HAY s cm I 4] Time/min
B1 R/ T EREREE B2 EELEKSNSER
Fig.1 Sketch map of soil sampling in experimental plot Fig.2 Infiltration rate of soil water with drip irrigation
R2 AEBESERLETERNSKESTESH
Table 2 Spatial distribution of soil moisture under different fertilization and irrigation treatments
e +2 Wk K HE B Distance from irrigation point/cm
Trf-atilenl Soil depth 0 10 20 30
o /em I Mean/% FrifEZE SD SEHIME Mean/% FrifE2: SD FH{H Mean/% F5ifEZE SD 3 Mean/% F5ifEZE SD
0~10 10.67¢ 0.58 10.67b 1.15 11.00a 2.65 9.00b 0.05
AL/A2 10~20 13.33abc 0.58 15.00a 2.65 13.00a 1.00 12.33ab 1.15
20~30 12.33abc 2.52 13.33ab 0.58 13.00a 1.00 12.67ab 1.15
30~40 16.33a 4.16 13.33ab 0.58 14.33a 1.53 14.33a 1.53
0~10 11.67ab 1.15 11.00b 1.73 10.67a 3.06 11.33ab 4.04
FL/F2 10~20 15.00ab 3.46 14.33a 3.21 13.67a 2.08 12.33ab 1.15
20~30 15.06ab 3.00 13.00ab 1.00 12.33a 2.08 11.67ab 5.86
30~40 13.67abc 1.15 13.33ab 0.58 12.00a 4.58 12.00ab 4.58
0~10 10.05¢ 1.05 12.05ab 0.95 11.45a 0.55 13.00ab 2.00
DL/D2 10~20 12.60abc 1.40 12.27ab 1.70 12.67a 0.95 11.97ab 0.35
20~30 13.50abc 0.50 12.50ab 0.50 13.35a 0.65 10.85ab 0.15
30~40 13.70abc 0.70 13.15ab 0.15 12.90a 0.10 12.90ab 0.10

T AL/A2 AL FR it PR 3R A4 J5) AR DR 7 L, F1/F2 A B 7t PR 3R A9 S8 MM HE 14 L, D1/D2 A 350 Ay i 8 it AL 19 J=) AR DX T 7 L
HFHRE AL F1 D1 ACBEGAC K 240 kg » hm ™2 FRTEFRE A2 F2 D2 2B AL 24 180 kg « hm™2 HLAAS [R) L3838 B it AL 15 7 T Ak B8 2~ ] )
B A R R R 2 5 P<0.05 4, R,

Note: A1/A2 is partial root-zone irrigation of 7 L with hole-applying urea; F1/F2 is full irrigation of 14 L with hole-applying urea; D1/D2 is partial

root-zone irrigation of 7 L with fertigation. Labeled with letters A1, F1, and D1, the treated fertilizer amount is 240 kg - hm™?; the treatments labeled with

letters A2, F2 and D2 is 180 kg « hm™2. Different letters in the same column mean significant difference at the 0.05 level.The same below.
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Note : Different letters in the figure indicate significant difference ( P<0.05). The same below.
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Fig.3 Spatial distribution of soil ammonium nitrogen under irrigation and regular fertilization
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Fig.4 Spatial distribution of soil ammonium nitrogen under irrigation and reduced fertilization
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Fig.5 Spatial distribution of soil nitrate nitrogen under irrigation and regular fertilization
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Fig.6  Spatial distribution of soil nitrate nitrogen under irrigation and reduced fertilization
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Fig.7 Spatial distribution of soil alkaline nitrogen under irrigation and regular fertilization
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Fig.9 Effects of fertilization and irrigation on soil nitrogen conversion rate
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