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Tab.1 Soil physics and chemical properties
R/ M [&] BRI/ ol BARBRL, SRR L/ R L/ A R B L/
cm Fik (grem ™) 538/ % (mg-kg™") (mg-kg™") (mg-kg™") (mg-kg™')
0~65 0. 197 1.37 0.075 34.4 1.93 751 7.68
65 ~ 100 0. 142 1.75 0. 045 44.5 3.12 499 8.29

L2 RKEHMBSHERAARX

B SAP hy 5PN I Tk Jiie — A 0 R 3 IR L R 45
A RS i A AL TG AL A T A R KR (L
AR RE RN MBS m B4 ) IR 5 4 [ R
WORL B4R 2.0 ~4. 0 mm, T B OKHE AT F A I A LS
FENE— A A, 1 RS (58 x #85) 24 10 em x 30 emj
HEIK PAM Jy 5 74 05 ok Jie 25 26 o R (LU AR 48 AR
=N P S /N DI R R T TR )
0.5~1.0mm, T 201246 HS5 HE T HIRHEGTE
b R AT O , TR 5 A A9 Ry 122 000 5 445 FA o
S Sk TR0 e 2% i 5] (S 68 Y30 R b e A R A PR T
R RHEHE) B E R, T R4 T8 & RiE1T
W, 5 1 R W 2012 4E 6 1 5 H, Z )5 B
15 ~20 d M 1 3% ; A3 5 oK i Bl e K86, R A Y
Mo 2P ¥ ) 28 )y AT AR, 2012 4E 5 10 H
F A, 18] 1 5 B4 B R4 64 500 Ak /hm” ;5 3t 3w A A
BIE SR W R — &80 (P, O it & 70 B0 52.2% ,K,0
RS HCR 34.6% ) it B 180 kg/hm” | 78 75 il
it AAE A 3 AR, b 3 R0 M SR DR 3 (4l R0 o 40 B
h46. 4% ), iz BEOR 56 B 2 i) AE B T AR sl wl o
B 1 4T o
L3 RWHE

I/ 4 m x 10 m, HH1 2 m x10 m ffy
DA 0 A K R SR 4y F i, S5 A 2 mox
10 m % DX 3 T D AR 9 7 o, 45 /N X 2Z (8] 42 28
HEAT o B o U85 2 4% PAM jiti I 3t (FA il FH R 3 (K
5 FA WM& L) (SAP i T & RIS it &= X 4
AR AR RN, AR R 33 UK, A% IR
HAER, % H L, (3%) A6IE 58 % #F 47 3 5 % 0t
(F£2), 9 ANAFE/NX (43 HILL P1 ~ P9 £IR) ,
N E 2 AEL, SEF A RETER, £
K 43 Ry KRR BE R 7T, 25 /I8 DX A ol IS R 90 IES ot
AR .

FEER S BB AT IR MATEAE, ZE/NX 0 ~
100 em + 2 P A 5645 B 20 em BUERECAGE &
FFIE &K R R R A S G A B 34,
T AC KA AT, AT e 2 EORE SR S B
i
1.4 kA&

SRR ALY AT IR, o - 4 R

®2 EXHEEI

Tab.2 Orthogonal experiment design

M
JKSF PAM Jifi it/ FA BV B/ SAP i 4/ AUIE G 4/

(kg-hm %) (g-g™") (kg-hm?)  (kg-hm?)
1 0 0 0 210
2 15 200 45 240
3 30 400 90 270

T KRR TRk, 4 RUOR R R R P -
Tt P T A i 0, 3 A0 SRR e 7 v 0 K
NS 7
L5 BESF

K JH SPSS 15. 0 A7 g8 1 M4 50 43 B, HoAth 4y
1 M AE B AE Microsoft Excel 2003 5152 1) .

2 HRE5SH

2.1 EXRFTERREERBEARSHT
TR RERMAE 3 Proan, £ AB.CDA
PAM Jifi il i VFA Jifi JH ¥ 5 SAP it T B | S08E 7
A AIIE . I AT LUF ), 2%/ X i R
/NH P3 P2 .P6.P8 P4 . P5 P9 . P7 P, Krei /N
X P3 )= L e/ /N IX PL i 21% o I
WA R T 2200 M (32 4) Pl DL i [N PAM i
HAER F=1.022, A& FA i HHE R F =10.557,
PR SAP Jiti HI R F = 7. 151, PR R it T 7
F=11.53, Horp FA it JH ¥ B2 SAP Jiti ] 4t #0008 it
FI By Sig. {52/ F 0. 05, T PAM i Fi 5t 19 Sig. {8
KT 0.05, UL H FA i 1T B \SAP i il 22 A &L e

R3 FERFEEZTRRBER
Tab.3 Yield results

P a/ (kgem™?)

INX A B C

R OEE2  HE
P1 1 1 1 1 1.09 1. 06 1.07
P2 1 2 2 2 1.23 1.29 1.26
P3 1 3 3 3 1.31 1.30 1.30
P4 2 1 2 3 1.27 1.21 1.24
P5 2 2 3 1 1.22 1.24 1.23
pP6 2 3 1 2 1.21 1.28 1.25
P7 3 1 3 2 1.25 1.20 1.23
P8 3 2 1 3 1.22 1.27 1.25
P9 3 3 2 1 1.23 1.23 1.23
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Tab.4 Variance analysis of results

75 S Y SS df MS F Sig. {H
1 TE AT 0. 062 8 0.008 7.565 0. 003
il 27.158 1 27.158  26424.438 0
PAM Jiti i 0.002 2 0. 001 1.022 0.398
FA Jiti e BE - 0.022 2 0.011 10. 557 0. 004
SAPEfH&E  0.015 2 0. 007 7.151 0.014
FAEME R 0.024 2 0.012 11.53 0. 003
15 2% 0. 009 9 0. 001
Bt 27.23 18
EIE Bt 0.071 17

FHE XS E KR A W0 (P <0.05) 7 PAM Jiii
JH B R T K 7 8 1 52 i AN 2 o

M Duncan ZELIE (K 5) 7] LI — L0 %
B, PAM jifii FH & 19 3 7K P Z ) 22 R 3, FA it
FHHEE 3 KV IR, SAP jif FH & 3 /K-F-fe i, AU it
& 3 K- dedf , WG BF P2 i PAM jifi A & 8 1
KV, XHIELRKX PR K™EAE P3
(A,B,C,D,)—%, 7} 1.30 kg/m”,

x5 FRRIEHNH Duncan L E LB 7

Tab.5 Multiple comparison analysis of experimental

factors
R N K- L
1 2
6 1 1.2133
L 6 3 1.2333
PAM HiFI & 6 2 1.2383
Sig. {ii 0.228
6 1 1.1800
N 6 2 1.2450
FA R 6 3 1.260 0
Sig. 8 1. 000 0.439
6 1 1.188 3
. 6 2 1.2433
SAP Hi /I & 6 3 1.2533
Sig. {5 1. 000 0. 602
6 1 1.178 3
- L 6 2 1.2433
RIEHE A& 6 3 1.2633
Sig. {H 1. 000 0.308

2.2 TEESKEMESH

FARAEFMRARE HESKRHEI L 6
N MEHZER R EWHKT DT LA I, %R AR
Xf TS E KA . (P <0.05) fymf 72 7 J1 8
HRKAR) 8 H 1T H (MW HIK) .8 H25H
(BRI A ) L3 3 AN 2% /0N X5 7K 38 A0 O 2 AL i
ERT% ~64% 116 H 25 H(EMAR) 9 H 15 H
(ERWA) A 10 A 4 H (RBIIAR) 3 Aar A

S B BB A T B R 25 S, X3 A I A% Ak B
INX K RAZAERE R 10% ~30% o AR T H Al
INK, P3N XY S KR A T B A R A
TR K, WA AT WP B KR L P3 /)
DXf) LS K Rl de i, R B T 0. 12, R Y AR
RARME T B T8 WK I3 26 A TR ™ /Y
P/
x6 RARTEEHEKE
Tab.6 Average mass water content of soil root layer

6 H 7H 8 H 8 H 9 H 10 A
NS ¥ifE

25 H 8 H 1 H 25 H 15 H 5H
Pl 0.10® 0.08" 0.10° 0.08% 0.09®™ 0.09
P2 0.11* 0.08" 0.14* 0.10® 0.09* 0.11°
P3  0.11* 0.12* 0.15* 0.12* 0.10* 0.11%
P4 0.11*  0.08" 0.12% 0.09% 0.10° 0.11°

0
0
0
0
PS5 0.11* 0.10* 0.14" 0.09™* 0.09* 0.10" 0.10
0
0
0
0

P6  0.11* 0.07™ 0.13"™ o0.11** 0.08" 0.11°
P70.10® 0.09% 0.12% 0.09% 0.08% 0.11°
P8 0.10™ 0.08" 0.10° 0.07°
P9 0.10™ 0.07" 0.10° 0.08% 0.08" 0.10®

0. 08"}". 0.11°

VB N 5B ) 5 2 573K 51 0. 05 5 3K A
IRl # FeR 2 SRR B R E KT, TR

X FOK A F M S K R AT O 25 40
(F7)J5 % B, PAM ( Sig. {f 0.002) . SAP ( Sig. {4
0.015) FEE (Sig. {6 0. 011 ) &b B XF 4 HEF- 1 5% 7K
R % (P <0.05), 1 FA(Sig. {H 0.228) i
FEXT & K R B0 IS W3 X2 Dy PAM T SAP
FOE AR F 1, PAM 3l iof o035 3 4 25 H ki
FEHE T A, 1 SAP 3l 33 XF K 43 B9 = &2 W 5 1]
DA /D 7K 3 R 2 8 T, 2 il 500 1 R LA 4 3 5 K
Ry R, NS 38 K BB A R R £
IKF A — i W RS, A] B R AR K Y T FA
JE T8 AT FEAIAE 135 4% 25 W 10 A R D 20 - 38K 43 1Y)
THFE, JAERIEAR T8 R

£ RBRERFESW

Tab.7 Variance analysis of results

A5 5 R VR Ss df MS F Sig. {i
1 T AR TR 0.001 8 0. 000 7.375  0.004
i 0.172 1 0.172 7 744.000 0.000
PAM Jjifi i 0. 001 2 0. 000 13.000  0.002
FA jifi FHWE 7.78 x10™° 2 3.89x107° 1.750  0.228
SAP Jifi FH 4 0. 000 2 0. 000 7.000  0.015
RN i i 4 0. 000 2 0. 000 7.750  0.011
2 0. 000 9 2.22x107°
Bt 0.174 18
B IE it 0. 002 17

2.3 tBREARFRTSENRELSN

FORAEFIIMRARZ TR RS =1 0L

Gl
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SN 8 MK 9 Fron, MR 25 B EERA LR
ATLLE 1 R AR e A & R i (P <
0.05) MR HIE7 H 8 H(RIIAR) .8 A1 H (Ml
WUEHIR) 9 A 15 H (ER IR ) (10 H 4 H (2
WIK) M6 25 H(HBIAR) M8 A 25 H (Hlik
R)IX 2 A BB K AR R 1 R v 2
o NEFM AR T REWRKRE,P3 /MR
0.54 g/kg, J& 9 M5 /N X o fe /N G B H At /) X
fiK3.7% ~9.3% . i N RCE T35 5 &tk & L P3
AN 9 AN X H R K, 35 #4544 mg/kg,
fl/NX 5 13% ~23% o KR i a] Lo A & 3, P3
AINIX A SRR A AR A R TR AR B
BRI Rt TRRE LS TY R, LR P AR
FIHFE 5, 15 38 & /N F HA /N X

®8 REAEFIE=RTHRER

Tab.8 Average mass total nitrogen content

of soil root layer g/kg

N 6 H 7H 8 A 8 H 9 A 104 -
25 H 8 H 1H 25 H 15H 5H

PL 0.63™ 0.56" 0.69"! 0.56" 0.52*' 0.50" 0.57
P2 0.67" 0.58" 0.74"™ 0.56* 0.52*' 0.46™ 0.59
P3 0.63"  0.477 0.78* 0.52*' 0.45% 0.39" 0.54
P4 0.62* 0.61° 0.68" 0.56™ 0.57* 0.54" 0.59
P5 0.66™ 0.61"° 0.78* 0.53"" 0.58" 0.42% 0.59
P6  0.64™ 0.56* 0.76™  0.59* 0.53""¢ 0.46" 0.59
P7 0.64" 0.53"! 0.65% 0.57" 0.60" 0.44"" 0.57
P8 0.65 0.56™ 0.68" 0.55* 0.45' 0.49™ 0.56
P9 0.64" 0.58" 0.64"" 0.57" 0.52* 0.48"! 0.57

x99 MEEIREENRFHREL

Tab.9 Average mass available nitrogen content

SRR it A 3 e b T SR AR R R R R
i, FA F 2GRS AR B PE A, R 1 %

AT I A B
R0 THEAKBERFEHH

Tab.10 Variance analysis of total nitrogen results

Fi4

of soil root layer mg/kg

K 6 H TH 8 H 8 H 9 H 10 H _—
25 H 8 H 1H 25 | 15 H 5H

Pl 36.85" 35.45" 44,55 34,95 35 95 35 15 37.15
P2 35.10™" 34.05° 50.75"™ 37.00"™ 37.20°° 36.80" 38.48
P3  44.10° 41.15"% 55.30° 43.55% 44.15% 44.40% 45.44
P4 33.50"° 37.40™ 47.55" 35.90"! 39.00" 40.50" 38.98
PS5 32,55 32.70°" 47.10" 38.60% 40.25% 49.90* 40.18
P6 33.15"" 35 80" 47.25" 41.80™ 35.25°" 34,90 38.03
P7 37.55 41.95" 42.45%% 35 10°" 34.90%% 29.95% 36.98
P8 38.55" 41.15" 45.80" 33.80°"" 38.00° 29.55% 37.81
P9 36.50 33.25°° 41.20" 33.90° 44.05" 32.75°36.94

KA B e A RO AR TS 22 b
e 10 M 11 fras. &R S, PAM FA SAP
FIRNLIX 4 AR 200 4 08 1 27 A 2 35 R i)
(P<0.05) ; @i B A M & , PAM [ SAP Al A& E X 3
ARZRX EEERR G ET R EL MW (P <
0.05) , Hrfr PAM F1 SAP il 1 /F H] T 4 38 25 44 52

AR S5 S Y Ss df MS F Sig. fti
T IE AT 0. 005 8 0. 001 8.217  0.002
A 5.974 1 5.974  71691.267 0.000
PAM jifs Jii 4 0. 003 2 0. 001 16.067  0.001
FA i f#EE 0.001 2 0. 000 4.867  0.037
SAP jifi £ 0. 001 2 0. 000 5.067  0.034
SN it 0. 001 2 0. 001 6.867  0.015
2% 0. 001 9 8.33x107°
Bt 5.981 18
B IE Bt 0. 006 17

x11 ITEFERFRRKERFESW
Tab.11 Variance analysis of available nitrogen results

5 5 ok I SS df MS F Sig. {H
B IE BT 114. 440 8 14. 305 5.210  0.012
T HE 27220.667 1 27220.667 9913.846 0.000
PAM Jiti JH & 29. 444 2 14.722 5.362  0.029
FA Jiti FH ¥ & 17. 823 2 8.912 3.246  0.087
SAP Jiti JH 4 36. 035 2 18.017 6.562  0.017
RN 4 31.138 2 15.569 5.670  0.025
2% 24.712 9 2.746
Mt 27359.818 18
®IE B 139. 151 17

3 g

AR SCHE A B 3 8300 3 5 7 - i
PAM k3 7% F 45 MR B, f2 3k 7k 43 A8, 76+ 0
W2 A SAP LI 2 KA, 767 ¥ it 16 W53 FA Sk
STV e BRALAE I B 15 9 %8 2K I f9 W5 o ) T o
SR ARARTE T AR A BR80T 1R 7 8 A
SCH P3 (A, B,C,D,) /N AR T R M il 50 ) PL /s
X, AR TE T 21% , 5 S0 % fE & N
i T SAP 177 10. 14% #0640 754 R b
BT FA 377 4.88% ~7.32% A LL, 7R @
W%, A LA 2 4 R ORI . A, R X AR
A 7 A B P R R LG I e 7
{H HL 42 7 270 kg/hm® it % 5% 4 F i) P3 P4 P8 X
3AUNK AT DL R B, P3 NI A P 4.7% ~
5.2% Ui P3 /N 3 A o 300 A0 L P A KO0 T4
77 ik 5 A

BARAE R AR TR B E RS
W] 3 300 6 A 40 7 R I K R A5 TR 28 I
AR, A [ 300 I 7 A 1 10 P80 A i X 5], G o
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PAM FiIl SAP B A1 FH T 148, X - 335 /K R 0k
BRI W], FA AR T 10 vt 1, 300 %) 4 4 ™
TE B 228 M) A 2 00 B o A AR S A 2 i 5 it
MR, A Duncan 2 HWHORE , I AR #
B 2 7 A R T PAML it P K- X 7 A R A
235, SAP FIHRLY BB FA B 400 A % He [
Jit F 7K AP 2 200 A5 9% w3 e 52 it FH /K- o Xl fiE
JEN O SAP HEAE R TAEYIAR &R, bRk /IR 1
M2 DXHEAE P 5 2 ) 1, % 7 9 1 A= K AR 4
2, B A R AR, SAP R LU @ AR A K oy
(R R R s FA — TR E I 1R A
AW RIE I, 53— Jr TR B 32 TR 1 A B RE A9 1
A, 24 FA IS BRI, 0 41 1 7 16 A1 1 40 4 i
K, T RE2 R WA HOG AV T, 2 1ok 20 A 0 i

4 £

-l
o3

(1) 4 A5 B 28 0] - 587K 43 1) 5% ) 500 AN —
3, PAM (SAP FIZNE XF + 3 & /K R 1 52 0 g 3, 1
FA [ 52 R 835, P3 /N XA 4 B A AR 42 3t 11
TR S KERATL,FEHN0.12,

(2)4 A0 R 3 2 g 4 0 L
AR L L PAM SAP FI &R 7= A i 3 5 i, P3
NIRRT A o 45. 44 mg/kg, & 9 A
/NI B Y A A TR W AR 3R 2 0 R iR
Mo

() 1EAR B 5 14 K, SAP 90 kg/hm*, FA 400
5 14 5 B A B 55 7 R 2 270 kg/hm’ 1] LA 75 31 5
RFEK= 1,30 kg/m*, AT A Ji I A4 11 7510 (19

ARICIN 5,400 FHRAY FA Bt 2 RE % 5 47 b fie k1

X R B e Rk 21%

Py 7= 9 TE Ao

& % x Wt
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Effects of Chemical Integrated Control Technology on Soil Water,
Soil Nitrogen and Maize Yield

Liao Renkuan Zhang Zhicheng Ren Shumei Cheng Chuangsheng Yang Peiling
(College of Water Resources and Civil Engineering, China Agricultural University, Beijing 100083, China)

Abstract; The rain-fed maize was selected as the research object. Three typical chemical agents
( Polyacrylamide, Superabsorbent polymer and Fulvic acid) were combined to apply on maize production.
The effects of chemical integrated control technology on the soil water, nitrogen and maize yield were
researched, and the optimal chemical integrated application pattern was explored. The results indicated
that the effect of three chemical agents on soil water, nitrogen and maize yield was inconsistent. PAM and
SAP had significant effect on soil water and available nitrogen, while PAM, SAP and FA were combined
to have effect on total nitrogen and maize yield. The largest maize yield was gotten with FA 400 times
liquid and SAP 90 kg/hm® with 270 kg/hm” urea application, meanwhile, the available nitrogen and
average soil water were 5.44 mg/kg and 0. 12 respectively, which were bigger than any other
experimental treatment. The higher soil water and available nitrogen were beneficial for plant to uptake
water and nitrogen. Compared with the treatment without chemical agents, the maximize improvement for
maize yield could be able to 21% after chemical integrated control technology application.

Key words: Maize Polyacrylamide Superabsorbent polymer Fulvic acid  Yield



