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Table 1 Basal properties of the studied soil
23} 3 A RIS PR 7 38 Hhe A BT b kL ki Bhkr
Depth pH Bulk density Saturated hydraulic conductivity =~ Cation exchange capacity ~Organic matter Sand Silt Clay
(em) (gem™) (mm h~") (emol kg™") (gkg™") (%) (%) (%)
0~30 8.28 1.51 22.6 7.88 10.2 45.6 40.7 13.7
30 ~80 8.48 1.48 19.3 14.35 7.1 8.4 55.8 35.9
80 ~180 8.95 1.42 18.1 5.27 3.2 7.3 82.4 10. 3
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200 kg hm ~* . FEAEY 2] A J5 + BB 2 20 cm,
/NFE 2530 A 57 B E R, O 2556 AR R 40 5 G K
s B W IK T 20 mm Sz B R U R AT 4 o0 B
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Table 2 Dates and rates of irrigation for water management

YE¥) 2= Crop season

HEE H 4] Irrigation date (yyyy-mm-dd)

T % & Trrigation rate (mm)

Wi w2 W3
2007 - 2008 /N3 Wheat 2007 =10 - 08 16.7 16.7 16.7
2008 - 03 - 03 34.0 67.1 86.3

2008 - 04 - 01 34.2 64.2 81.5

2008 T K Maize 2008 - 06 - 25 38.3 72.7 99.6
2008 -2009 /N3 Wheat 2009 - 02 - 01 18.8 18.8 18.8
2009 - 03 - 03 29.4 62.9 82. 1
2009 - 04 — 18 41.7 81.2 108.3

2009 E %k Maize 2009 - 06 — 30 41.7 66.7 83.3
2009 -2010 /N3 Wheat 2009 — 10 - 10 20. 8 20. 8 20. 8
2010 - 03 - 04 33.3 66.7 87.5

2010 - 04 — 02 31.3 62.5 83.3

2010 05 - 12 33.3 62.5 83.3

2010 —06 — 14 20. 8 20. 8 20. 8

2010 E >k Maize 2010 - 06 - 25 41.7 41.7 41.7
2010 - 07 =25 20.8 41.7 62.5

2011 /N# Wheat 2011 =03 - 05 20. 8 45.8 72.9
2011 -04 - 10 29.2 66.7 91.7

2011 -05 - 09 31.3 75.0 91.7

2011 - 06 - 07 20. 8 20. 8 20. 8

2011 E % Maize 2011 - 06 - 30 31.3 31.3 31.3
2011 - 07 - 24 33.8 72.1 100. 8
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Soil organic N, acidolytic organic N and acidolytic ammonium N (mg g™)
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The integrated water and nitrogen management
—m- DA A B 4 Microbial biomass N (0~10 cm) 3 4 x4 Az 495 B 48 Miicrobial biomass N (10~20 cm)
~@- JEHLA Inorganic N (0~10 cm) -0~ JEHLE, Inorganic N (10~20 cm)
—A- VIR LA Dissolved organic N (0~10cm)  -A- Wit A L4 Dissolved organic N (10~20 cm)

7E: NOv N1. N2v N3\ N4GHIERMEO 1505 190~ 230~ 270 kg hm2, W1 W2\ W34 FKpRHEHEZ20. 40v 60 cm+ 2 H)
HH [F]43 7K B Note: NO, N1, N2, N3 and N4 denotes nitrogen fertilization rate at 0, 150, 190, 230 and 270 kg hm2, respectively, and W1, W2
and W3 denotes irrigation rate to meet the field water-holding capacity of the 0~20, 0~40 and 0~60 c¢m topsoil layer, respectively

K1 KEMEGEETHZ0~10 cm F1 10 ~20 ecm HIEAH A RFA VLA RBESR (a) M
AR EREALA ED EY A (b)
Fig. 1  Organic N,acidolytic organic N,acidolytic ammonium N (a) and inorganic N,dissolved organic N, microbial biomass N (b) in the 0 ~10 cm,

10 ~20 cm topsoil related to integrated water and nitrogen management
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The integrated water and nitrogen management
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Fig. 2 Urease activity (a) ,protease activity (b) and nitrification potential (¢) in the 0 ~10 ¢m,10 ~20 cm topsoil related to integrated water
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Fr NOW2 F1 NOW3 4b, #F )2 0 ~10 em - 3EfH 1L
PR THEZ 10 ~20 em 488, 7E W R AR R I
it U S T A R e, A Ak Ak B it
RHR R KR 1S & AR B S T e I
HFJZ 0 ~10 cm THEFE NIWI1 ~ NAW3 {55 Bk e
AR AL # 10 ~20 em +3E7E NIW2 ~ NAW3 Hagfk
IR B (K 2¢) . AP RS T HE
0 ~20 emt HEAE b3 (3G 0E 15 49. 2% ~53.0% ) , 1fii
HEJZ 0 ~20 em A fb $A 5Z HEOK it 19 52 (3R
4) .

R A

331 RGEXKMHEREMABEER.REE

M EABEERELENIER

=N FR 7 22 70 W R il B N R OE S /S A
WA AW R T HZ 0 ~20 em 1 HETC
LA A ML Ve A B BUE Y A 2 IR
Til 15 1 i A A, i R A AT BIL 28 TR A 2 25 S B W
BAEI R R +EAR FDE S R B AR,
RZNOL T SE5GTks $, 00 R A% A B %00 R A B 25

FOEHGEER (6 M HCL) B fi £ R IR A, B A
F AR E M AETEA Z AN P AR R0 o U A
R B A A O, ORI BUE Y AR Y R
$6bR . AHEIE L Zhang I Zak'™ (9 B 5%, JL 5T
RUEMHE AR (5 g m ) T BUEW EY R A2
BT s T R IR (50 g m ) AL MEY)
Ay G B T e AR T M IR e
PR A3, (i 2 PR 28 UK A e 25 01 T il A8
Bl o TR A e . A E 5T AR W] AR DT R
PRF 30 kg hm Y ZRbK £ 3, DR I A 3
ERF M AT b R R A
g 1 K A IR A RS Al T RE A —
SO o SR AR W R A R Ve R £ i SRR Y
R 5 Bh A AT S B Wy O T LT R
FIEE B SF G VE R AL, AL A — e R LR T
R B B TR O A R R
R P S A A S R R e TS R B
AR LIRS O SR A 5 1 R
TV LA A 35 UF 5 75 OB 25 R/ 35 A AR 4 /9 15 A
KAE(RS) ,ARBFERWIESE T H A EA KW
WA R sl B = LA FIE S A A .

RS BELIEAMESHE RESTE. ZOBREFERBEABEZEHEXYE

Table 5 Pearson correlations among the six forms of nitrogen, urease activity, protease activity and nitrification potential

IN ON DON AAN MBN URE PRO
ON 0.69 "~
DON 0.45 *** 0.63 """
AON 0.60 “** 0.74 """ 0.41 """
AAN 0.59 *** 0.76 """ 0.46 """ 0.87 ***
MBN 0.42 *** 0.55 """ -0.05 0.50 *** 0.52 """
URE 0.57 *** 0.89 "~ 0.53 """ 0.71 *** 0.75 *** 0.54 """
PRO 0.34 "~ 0.46 """ 0.28 ** 0.46 """ 0.51 """ 0.33 ** 0.49 ***
NP 0.43 *** 0.44 *** 0.09 0.25 ° 0.27 * 0.36 """ 0.47 *** 0.32 **

1 :IN .ON .DON ,AON ,AAN MBN ,URE ,PRO NP 43 5l| /5 TEHLA A HLUA G5 i P A HLAL R A DL R A 8 8 AL UE W AR e A IR
BTG P B NS PE R AR B s s | woex 430 FRIR p <0..05.0.01.,0. 001 1 & 3 A 5GP Note: IN,ON,DON,AON,AAN, MBN, URE,PRO and
NP denotes inorganic N, organic N, dissolved organic N, acidolytic organic N, acidolytic ammonium N, microbial biomass N, urease activity, protease activity

and nitrification potential , respectively. # , % and #*** stands for p <0.05,0.01 and 0. 001 of significant correlation, respectively

K BXHFZ 0 ~20 em +HERFEIE SR KB
TR R S M SR AL A TE B e K
BN ZE + )2 20 em B H M KR, KPESR
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Table 6 Average crop yield and N use efficiency related to integrated water and nitrogen management
K2 fe =it UM 3¢ fEdm R

Theintegrated water and Crop yield(t hm -2) N availability (% ) Crop N content( kg hm ~2) Grain N content( g kg" )
nitrogen management f\ o Wheat Tk Maize /A Wheat oK Maize /N Wheat  FoK Maize /N Wheat K Maize
NOW1 1.59£0.40 3.93 +£0.30 — — 30 £5 44 +8 15.9+0.2 7.2+0.5
NOW2 1.12+£0.50 3.73 +£0.40 — — 25 +2 42 +5 15.9+0.4 7.2+0.4
NOW3 1.33 £0.30  3.60 =0.40 — — 25 +3 42 +3 15.7 0.4 7.0+0.3
N1W1 4.70 £0.70  8.06 +0. 60 59.4+6.0 68.4 +6.5 128 +5 141 =1 21.9 1.1 10.6 +0. 4
N1W2 4.74 £0.60  8.32 +0.80 60.3+7.9 67.7 £3.9 124 +6 140 +1 21.3 1.1 10.5 +0.2
N1W3 4.98 +1.20 8.25 +0.60 62.9+£7.2 66.7 +4.0 119 £9 139 +4 20.7 1.2 10.3 +0.3
N2W1 4.85+0.80 8.48 +0.60 49.9 £4.4 54.6 +4.0 128 =5 140 +2 23.1+0.5 10.8 +0.2
N2w2 4.84 £0.60 8.45+0.40 49.2 £3.7 55.8 +4.1 125 +2 144 +4 22.5+0.6 10.5+0.3
N2W3 5.20 0. 80 8.57 £0. 60 58.6 +6.1 59.0 5.2 141 +9 150 =4 22.5 1.1 10.8 +0. 4

N3WI 4.79£0.80 7.91 +0.40 40.4 £7.4 42.8 +3.7 134 +4 138 +4 23.7+1.0 10.6 £0.5
N3W2 4.90 £0.70  8.24 +0.60 42.6 £6.9 47.2 +4.9 131 16 147 10 22.8+0.7 10.8 +0. 8
N3W3 4.95+0.60 8.57 +£0.40 51.1+4.8 51.1 4.1 136 +4 155 +7 22.7+0.1 10.8 +0.3
N4W1 4.83+£0.70 8.22 +0.40 39.2 +4.5 39.9+2.3 139 £12 152 +2 23.1+1.0 11.1£0. 1
N4W2 5.19+1.00 8.21 +0.60 42.2+£6.8 39.8 2.3 149 + 16 151 +2 23.4+0.3 11.1+0.1

N4 W3 5.10 £0.60  8.66 £0.50 46.9 £6.8 43.7 +3.8 148 +9 154 +6 23.6 +0.7 11.0 0.5
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DYNAMICS OF NITROGEN IN TOPSOIL RELATED TO INTEGRATED WATER
AND NITROGEN MANAGEMENT

Chen Lin"?  Zhang Jiabao'" Zhao Bingzi' Huang Ping’
(1 Institute of Soil Science, Chinese Academy of Sciences, Nanjing 210008, China)
(2 University of Chinese Academy of Sciences, Beijing 100049, China)
(3 Chongging Institute of Green and Intelligent Technology, Chinese Academy of Sciences, Chongging 401122)

Abstract From the fields of a long-term (since 2005) experiment on integrated water and nitrogen management in
Fengqiu National Agro-ecological Experiment Station, samples were taken of the soils in the cultivated layers (0 ~10 c¢m,
10 ~20 ¢m and 0 ~20 cm) of fields under different patterns of integrated water and nitrogen management after the harvest
of summer maize in September, 2011 for analysis of six forms of nitrogen, i. e. inorganic nitrogen (IN) , organic nitrogen
(ON), dissolved organic nitrogen (DON) , acidolytic organic nitrogen ( AON) , acidolytic ammonium nitrogen ( AAN) ,
microbial biomass nitrogen (MBN) , and three biological indices that are closely related to N turnover, i. e. urease activity
(URE) , Protease activity (PRO) and nitrification potential ( NP). Three-way ANOVA of the analytic results indicate
that both nitrogen fertilization and topsoil depth had significant effects on the six forms of nitrogen, but irrigation had
none. One-way ANOVA shows that nitrogen fertilization significantly increased soil IN, ON, URE and NP in the 0 ~
20 cm topsoil, but had no such effect on soil AON and AAN and volume of irrigation had nothing to do with the six forms
of nitrogen, PRO and NP. Regardless of patterns of integrated water and nitrogen management, the six forms of nitrogen,
URE, PRO and NP were almost all considerably higher in the 0 ~ 10 cm topsoil than in the 10 ~20 c¢m topsoil. Through
the experiment, it is found that irrigation to meet the field water-holding capacity in the 0 ~20 cm soil layer and nitrogen
fertilization at a rate of 190 kg N hm > per crop season is the optimal patterns of integrated water and nitrogen manage-
ment.

Key words Integrated water and nitrogen management; Topsoil; Dynamics of nitrogen
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