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Effect of Combined Application of Environmental Materials and
Fertilizers on Soil Moisture , Fertility and Maize Yield
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of Mining and Technology ( Beijing) , Beijing 100083, China)

Abstract; Pot culture experiment was carried out to study the effect of three kinds of environmental mate-
rial ( water retaining polymer material (SAP,0,0. 05,0. 10,0. 50 g/kg) , absorbent mineral materials
(AM,0,5.0,10.0,15.0 g/kg) , coal-based nutrition materials( CBN,0,0.5,1.0,1.5 g/kg) ) and fer-
tilizers ( chemical fertilizer(CF,0,0.9,1.8,2.6 g/kg) , organic fertilizer( OF,0,6,8,10 g/kg) ) on soil
moisture content, available nitrogen content, available phosphorus content, urease activity, alkaline phos-
phatase activity and maize yield. The results showed that the combined application of environmental mate-
rials and fertilizers could improve soil moisture ,and the adsorbent mineral material had the largest influence
on soil moisture ,the best combination was SAP,CBN,AM, CF, OF, ;the combined application of environmen-

tal materials and fertilizers could increase the available nitrogen content which could be directly absorbed
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and used by plants,and the chemical fertilizer had the largest influence on soil available nitrogen content,

the best combination was SAP,CBN,AM, CF,OF,; the combined application of environmental materials

and fertilizers could increase the available phosphorus content which could be directly absorbed and used

by plants,and the organic fertilizer had the largest influence on soil available phosphorus content,the best

combination was SAP, CBN,AM, CF,OF, ;the combined application of environmental materials and fertiliz-

ers could improve soil urease and alkaline phosphatase activities,and the organic fertilizer had the largest

influence on both indexes,the best combinations were SAP, CBN,AM, CF, OF, ,SAP,CBN,AM, CF, OF, re-

spectively ;the combined application of environmental materials and fertilizers could increase maize yield,

and the organic fertilizer had the largest influence on maize yield, the best combination was

SAP,CBN,AM,CF,O0F,. In summary,the combined application of environmental materials and fertilizers

could increase soil moisture and fertility , thus increasing maize yield.
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A T 52 B A KRR ) FH A% R A R A ol 7 595
Y R TR e TR R R 3 A EE T H
FeE AR M AE K2 4.0 x 10" m’, 5 8K B
1% #2457, Horh 90% I T4 FBE IR . (HK % PR A
EYAN R KRG UR IR 3% ™ EE L K 5 R A A7 M s gl
e [ K % R B IR 0 B R L 3k o
A7 TR FRAR AR FH 42 T RS- 280K 1 2 A5, R B IR )
FI#ALH 30% ~35% 10% ~25% , & i i 2 F il
I3 AR 1 A Ml T VRS e AR Y AR A
A Bl RE I 2K 5 Y B 4 5 2k S 300 42 ~ 500 12
TE L AR R R R R, 30 U0 gk 1+
HEIRBE o KA Bl 4 R 7E B AR X K
ACHRCHR 0 AT R A R K S R

REE A RHE B e KAE M e 5 S IR 35 1
M7 B — 28 LR SRS AR AR A M 2 7 R B YA B
v 8 32 B0 T b RORE 2 e P A K R R
THEHMSZRAO ST KERELNEZ T YRR
UK R ROR . S E S T E
SRR 3 A B 1T LA D 3K AR e 10% ~26%
W LRI K 27% ~61% , 25 AT s, R
[7) B 435 Ty RE B4 R4 R It R AR 1 b & 4% 4% b kA b I
YERD, 230 4 3K FAE BB B BRI &, nT B SR =
K IEFI R 110% 39% L) b, #8577 47.4% , 4%
e T B IR R 0 [ IR R 0 L pH (R, B4
b MR E P DRL S5 A AU B RS Bk, R
2 U SIE S PR b R B % 434 i 9 Ak R 4y, TR
T O O B R O L SR, oK R A R 5 R
T it 2 1 A TR KR o AR B AR A W 3 7 B A 4
R e, AT AR A T R T R Bk
7K BB F] F SR A A A T I 75 4 (] 8, SR A 2k Rk
U0 B 5T R 5% A LS RE R TC 5 X 1 S5 K BB ) A R K
FEER ISR, AR T RS R R A R 7 a0 g
%,

U AR

1.1 R

B - B A b s T N X R 1R JE (0 ~
20 cm) 38, RN KR Bk 17. 48% B i
58.93% | fib ki 23. 59% ; + HE BE AL MRy B A
15.75 mg/kg., W % ¥ 54. 40 mg/kg. A Hl R
10.45 ¢/kg FHE T35 #1g (CEC) 6. 19 cmol/kg ., Hi
5%0.33 pS/cm &K 7.63% FLKEE 50.50% |
75T 118 N/m’ \pH {H 8.31, ZA -+, BRFE , 5Bk 44
WGt 5 mm §f, F 25 em x 25 cm ¥ELA P A
8 kg1,

PR EE M B 3 B 5 2 7 AR K A RL (SAP)
JE e 21 RE SR U TR SR () R IR TN T Yl i 2
S50 F R A A A8 3R AR AT BRI i B ) B S
SR K ER A Y, AL 400 5 A w4 W PR
Yokt CAM) , Hoi DU R o 3, 5 90% , 52
A AT B0 50 5 8% Fl 2% , Hoki A 0.178 mm, [k
FMAKT 300, i w15 B 5 9 A FR 2 A 32
it EELE FRA R (CBN) b S R IR 45% (8 TE
i 16.7% K581 29.5%

HEXALNE (CF) IR E (N =46% ) Fl i 0 1R 15
(P,0,=12% ) , & ®F55H ,N: P,O, =1:0.75, £ #l
JIE(OF) b33 ik

P FEOR AT 1 5
1.2 &gt

A X 3 Fh IR IE AR A 2 AR R S
F 4 KFIESRE R Ly (47) IE3S 400K 3 FhER S
MBS 2 FhOIEARREEAT BC b, A0 2R 1 SR AR 1Y A
XPHRZH(F 1),

fdt B FEBLRE 3 FhERSE AL RL S 2 Fh I 4% B 3R
1 i in i 5 25008 1R 51 (2014 423 H 10 H) , &



594

FNARE R BEM A S e Bt st LIE K IE R E K 20 Hh 47

FMA2 L ARK, LT AH, TIEWE (2014 4F
4 H 10 H) FEFf, 43 80RH 0 R A B0k 3 0T, AE0T 2
Mo FROKDERE, MERRIC B BEKE . R E KA
KI5 (2014 458 7 19 H ) R4 - ek il 5E 1 %
KR U T A e R R MR T R e
BTG PE. 2014 45 9 F 17 H R FORFFAL, IR 4L T
PRI

F1 3 MINEA R 2 ML ERZKE I

) I
BBHT —o4p CBN AM CF OF
1 10)  1(0)  1(0)  1(0) 1(0)
2 100)  2(0.5) 2(5.0) 2(0.9) 2(6)
3 100)  3(1.0) 3(10.0) 3(1.8) 3(8)
4 100)  4(1.5) 4(15.0) 4(2.6)  4(10)
5 2(0.05)  1(0)  2(5.0) 3(1.8)  4(10)
6 2(0.05) 2(0.5)  1(0)  4(2.6) 3(8)
7 2(0.05) 3(1.0) 4(15.0) 1(0) 2(6)
8 2(0.05) 4(1.5) 3(10.0) 2(0.9) 1(0)
9 3(0.10)  1(0)  3(10.0) 4(2.6) 2(6)
10 3(0.10) 2(0.5) 4(15.0) 3(1.8) 100)
11 3(0.10) 3(1.0) 1(0)  2(0.9)  4(10)
12 3(0.10) 4(1.5) 2(5.0) 1(0) 3(8)
13 4(0.50) 1(0) 4(15.0) 2(0.9) 3(8)
14 4(0.50) 2(0.5) 3(10.0) 1(0) 4(10)
15 4(0.50) 3(1.0) 2(5.0) 4(2.6) 1(0)

16 4(0.50) 4(1.5) 1(0)  3(1.8) 2(6)
T AT 9 RS b i (g/kg) 355 40 I FOK -

1.3 MEmMB R E

S KRR A ER T i R R
FRB A B O s A e R R R A
PE—HI B HL G I s IR PR AR - R
PR H o TR A A AR T R R
M akmE .
1.4 HEsbE

96 B0 HE R FH Excel 2007 K SPSS 17. 0 %44 i
Fr Ak BB

2 HREAMN
2.1 FREHHELS BBRER B X4 ot K BB 5% 14 B o

Bl i 1% B 2 i
2011 RHoRAe s B 13 A, R

TR AR A IE R IS, 4 8 AR OO e
KA R, Hob, B3 S KRB AR =
4.1% ~139.2% ,LIALBE 13 14 7 .8 10 # R AL
BCE O AR R 14.3% ~85.7% , LIAb 3 4
6.2 13 WOR AR 5 BABE & B RIS 1. 3% ~
70.5% ,LAAbEE 4 7.9 2 ROREAS

KM ZHT (R 2) B, LIS K EMER

BN Ry > Royp > Regy > Rop > Ry, BRIV 90 W% B A4 K}
(AM) XF 4 58 & oK 352 ) e K, = 4y 1 PRk b R
(SAP) R Z AL (CF ) X H 5 wa e /)y, e 4 &
SAP,CBN,AM,CF,OF,; + 3 s A 2 £ ;KN
Ree >Ry = Rop > Regy > Ry, BB HE XS 1 38 3 SR
iR K A HLBT RN WA BRI 2,
PRIK A BERT 4 8 3 2R & 2 5 B/ L &
SAP,CBN,AM,CF,OF,; + 38 ¥ & # e 22 X W H
Rop > Rep > Ry > Ry > Ry, BIVA HILIE X H: 52 1 £
RACIE R Z, 1 58 38 MR i fe /)N, AR &
i SAP,CBN,AM,CF,OF, ,

1234567 8910111213141516
A EG 5

Bl FEMHSEMERENTESKENZIR

HRE A R/ (mg/kg)
S 8 S

—
(=}

0
123 45 67 8 91011121314 1516
Pus: kg

B2 FEMBSEMEENTEEIRSENZN

120

S B/ (mg/kg) _
5 8 8 8

[35]
o

0
1234567 8910111213141516
AEg S

H3 REHRNSEMNRE T EE RS BN
2P BEAT 7 22 50 Mt A2 B, A 0 % R A X



48 T R A

44 %

BEEKEEmME %, F,, =3.733 >F,,(3,12)
2.610; fL X LA A FRFm R E, F, =

3.509 > F,  (3,12) =2.610; 44U - 492 3 303
SEPEE F, =2.826>F, (3,12) =2.610,

R2 NEMHMEEMEENTESKR FLR BABSELWPNRE DR

LD e SAP CBN AM CF OF
Bk H k, 10. 850 11.700 9.075 12.525 11.975
k, 13.225 13.175 10. 900 12. 245 11.975
ks 11. 850 11.500 14.050 11.525 13. 200
k, 12. 800 12.350 14.700 12.250 11.575
R 2.375 1.675 5.625 1.000 1.625
F Wiy AM > SAP > CBN >OF >CF
Bibms SAP,CBN,AM,CF, OF,
A k, 35.875 35. 000 35. 000 28.875 32.375
k, 36.750 37.625 35.875 39.375 35.875
ks 35.875 34.125 33.250 33.250 37.625
k, 34.125 35.875 38. 500 41.125 36. 750
R 2.625 3.500 5.250 12.250 5.250
ES/ Q52 CF > AM = OF > CBN > SAP
52y e SAP,CBN,AM,CF,OF,
S B i k, 85. 668 76.708 78. 635 77. 400 68.930
k, 85. 188 78.817 80. 670 75.653 98.313
ks 75. 830 82. 632 76.118 77.175 73.238
k, 76. 175 84.703 87. 438 92. 633 82.380
R 9.838 7.955 11.320 16.980 29.383
ES/ Q¥ OF > CF > AM > SAP > CBN
SR A SAP, CBN,AM,CF,OF,

2.1.2  E3EEEFEM T IEEEX T SEICR 0 B LR
JIE S 2 DG B AE T, AT A 3 5% 43 (0 A v, R
e+ A BERC BE J1 . R B 4 w0 BR AR EE 9 15 4,
45 Kb LR Tl P 6T BN 3. 6% ~ 141.8% , Hovh
AFE 2 4T MR RO N T
AR EEG EAA EORAEHEVE . 1 5 SR, BRALBE 16
A, Al 2% Ak 3 A 9 P Wl R T O P R AR B
0.3% ~36.9% , A abB 2.5.9 11 12 5P i 2 iy
TG T e o HE A s K

200
180

_— = =

[ SS I e

S O O
T T T

(o]
(=]
T T

[0 g 1/ (ng/g)
>
S

1234567 89 10111213141516
Ak B

B4 IREMRS AR RHED X £ 58 AR ER R 1 Y R I

HE— 204 BT (3% 3) A B, R e 9% 1k W 25 R B K
Rop >Ry > Ry > Regy > Ry, BRIV HILAE XF K 18 35 1
B 5 A, AR B YR 22, 5 43 A K A ek b g i 356
S/, {404l SAP,CBN,AM,CF,OF, , #si#:

15.0

12.5

10.0

7S

B PEBE R P/ (me/(g « h)]

5.0
1 2345678 910111213141516
ARG

B S IREMHSSEREEN T EEEHREE TN

WEMRBE TS PE 22 R BLA Ry > Ry > Ry > Ry >
Ry, BV AL IE X P 5 T2 I 955 P 52 i) e K, AR IE IR
2, e 53 ORI R X P 1l 1R I 0 M S e /) B
fE4 & SAP,CBN,AM,CF,OF, , X & I A LI
o B RECA HLBE , X R 78 B R R S AR =
B R O M B AR
2.2 MEHBSERBEENEX"E/ENE

K6 WY, 7 ER e AT R S IR RS | 4% b B K
FFRL 77 f 8 0T A B W g o, #2018, 2% ~
103.1% ,LIAbEE 11 14 16 HUR BT .

T 2230 (3R 4) BB, B KRR ™ B 22
RIA Rop > Repy > Ry = Ry > Ry, EMAHLAEXT £
KOFF L™= B 52 ) fe K, BE R SR MR IR 2, AR IE B



594

IR E R G e A et £ K JEA B R EF MY 49

/N B AEA Al SAP,CBN, AM,CF,OF, . #—2 772
ST R A LIS X KRR B R L F o =

2.633>F, (3,12) =2.610,

R 3 OIREARS AR L B X - 45 AR B R AR M B R B R 1 R MM B AR = AR

i i H SAP CBN AM CF oF
O Tt 0 ky 167. 13 88. 89 95.09 473. 80 116. 48
k, 130. 93 211.48 461. 58 143. 43 122.78
ks 92.96 103. 43 285. 65 99. 63 332. 69
ky 44.82 120. 93 298. 06 70. 10 637. 04
R 122.31 122.59 366.48 403.70 520.56
L OF > CF > AM > CBN > SAP
SEd IR ey SAP, CBN, AM, CF, OF,
e T2 0 2 k, 11. 16 11. 66 10. 76 45.08 10. 61
k, 11. 10 22.52 45.22 11.58 10. 63
ks 12.05 10. 93 34.02 10. 42 32.52
ky 9.89 10.75 31.42 10. 69 74. 43
R 2.16 11.76 34.47 34.67 63.82
W OF > CF > AM > CBN > SAP
SEdrn Rty SAP,CBN, AM, CF, OF,
140 —3
. FRHE b Ak 5 M T 394 e 5 ik 4 %
100 WA ) 3 A5 R R R T . R IE S S ) -
2 HACR & B4 A O SAP,CBN,AM, CF,OF, I}
i 80 > = A B v o Y
nn;if AR B 5 A AU J 5 ) - S R A B i it 4
60
EN 44 SAP,CBN,AM,CF,OF, ), % 5 e 4. Jifa hn b
40 ‘ L .
JIES 2 388 o - e AR B e e PR B A Oy X A MLIE B A
20

0
1 23 4567 8 9 10111213141516
b B G

E 6 IRZA RS IERE X ER TR B0

x4 HEHMBERMEENEXFHN=EZWHRESST

T { SAP CBN AM CF OF
k, 103.000  101.000  109.500  108. 000 88. 250
ky, 105.500  106.750  120.500  110.500  115.000
ky  112.250  121.750  113.250  114.000  116.750
ky  123.000  114.250  100.500  111.250  123.750
R 20.000 20.750 20. 000 6. 000 35.500

F Wiy OF > CBN > AM = SAP > CF
LA A SAP, CBN; AM, CF, OF,

3 H#w 5t

AW TELE R, PR AR5 IR HE T AT L4
o E S K A I I A W Al A K S L TR AL R
SAP,CBN,AM,CF, OF, i, ff F %R fe b Horp
0 W S A A A 2 2 W) KR S DR O A A
BE A R B B R B b 3 T AR FLAAAR 7R R 5 - ok
o I L HERT R K > T7 i RCR B . S Ah g
TARIKATRHEAT BRI 2 B A5 5 Kk AT, ) 19 0 4 43
Gk EEMM, GEFENE" R R

KEAVA, el i + 58 604 Wi 2 Fi A 58 i il 0
PE, e A3 AR % A6, 2 AT 8G hn  1gE aT R AR it
SR B B R ) AT o SRR ) A S 2%
BAER . AHUIE P& KRS BEA I, AT
HEGLAE W) I 2, PR DL Ak, 15 S R A AL
PE BN HLAE AT PR S 1 T A g nT R R B R S A
W4 W B A4 R EL A 5K ) L 2 T AR B FLAR R,
TR KA LB R 0 A 2 A 7 R R R
CER - VAE S NN I

HNBEFE R WY, - A P 5 5 0k R
TR S AE KOG T SR R T 0 2 0 1 B
oG LB o i AL B i Y 2R A RO Y
TR BER O E . APPSR R B MRS
JE R it B 8 £12 /oy 38 JDK it B i 1 3 T O P . A
B S 25 5% i) - 58 O 16 355 4 R Bk 1 ol 2 il O e T
Jifi 4l 4 SAP,CBN,AM,CF, OF, X #& & + 8 JIg i 1% P
Ve AL 5 1, BO M 41 & SAP,CBN,AM, CF, OF, X%f
P v T TR T PR UR R AT

PREE B4R 55 IE G it BE 6% £ 1 oK 3G 7= . PR
MRS REAREC R 3G T S KR R T R
il e e 8 T L BN T A M R A
i, TTER & T B OK 7 5 B4 MR B IR AR B 42



50

Ty R A A

44 %

B A3 AR T K 0 R A g
LR e % AR A R A A

Bk
(1] ZEpRaE  ARJER, TRAT. 4l & J rh iy 1 A i)

[2]

[4]

[5]

[7]

[8]

[9]

[10]

[12]

[M]. 755 PR 2R R R Ak, 1998 :12-27.

REE M, HE S, IR E SRR R M kR
XFHELT] VG AR ME K 2% %3] ,2003,25(5 ) :725-727.
AR S A, P ET KSR RS
FIKIT R AHTLI] . Al TR 2 ,2003,19(1) :1-6.
B, INFE 4. FREEMORHTE ARl AR 7 R R 8 IR 3
R LY. A S Al 2 iz ,2013,21 (1) :88-95.
A, B ERERNT R P EAESK
Al 2% 47 ,2002,10(3) :95-97.
ARG, EWOE, ok g, P E EEREEYIL R
FTRBOR 55 &2 [J]. 154, 2008,45(5) .
915-924.

WA R — AR M. ERR, B dL: fh2 Tl
H L, 1997.

Mo, gk K, %84, % & /NE R EF BBk
A3 R K R 5 EOIE g oz [ ). o B AR S Rl 2
#12,2012,20(7) :888-894.

T B, X nk, A, AL R OR RS AT AR M ameoul + 4
T RS R 1 52 58 [T ). ARl B 858 Bk 2F o
% ,2015,34(2) :310-318.

ZEFEAY B, R, A BRI B A REXT 2 T R
X A= K S ) 2003 04 B I8 8 0 [ 0] 7K B AR dp o
#,2012,26(1) :232-236.

M, A, 5 B, S A Al I R B R X R
BRE M e RACRIE ST [T ] R BRI R, 2010,
38(4):1931-1932.
BT, PMIB AR, 25 BR B AR X AR Bk 4
J& Pb.Cd Jz + IR EBISE (] R BE R 427 31,2012,
32(10) :2490-2499.

I, 2250 . JLAR 8 A 4 5 oK Sl Ty vk 1 it
FEHE IR [T]. BTG £ B2 ,2008,6(6) :114-117.
TR, R BB IR 4 SO BT R U T ik

[18]

[19]

[20]

[22]

[26]

Hee [ 3. Jb 5003 K5 5 4 7 SRR 1, 2010, 46

(1) :76-78.
fifg = B g A A [ M. db 50 o = Rk R
¥ ,2000.

Wi, EITE. LM RS S S RE T Y
I A= ¥ 4] ,2002,8(5) :564-570.

RIS , 2= 0. b S AR 0 T Xt Sl A 2K £
S [T el Kaa22 47 ,1993,20(4) :292-297.
WEH. PENERARLELEERMBRID]. =
M H R AR R A, 2007

Wrih, o0 k. R A RRTE LB R MR ()] A
2 ,2014,4(4) :30-34,36.

Li A, Wang A Q, Chen J M. Studies of poly ( acrylic
acid ) /attapulgite superabsorbent composite. Il . Sweeling
behaviors of superabsorbent composite in saline solution
and hydrophilic solvent-water mixture[ J]. Journal of Ap-
plied Polymer Science, 2004 ,94(1) :1869-1876.
Baligar V C,Fageria N K,He Z L. Nutrient use efficien-
cy in plants[ J]. Commun Soil Sci Plant Anal, 2001 ,32
(1):921-950.

He Z Q, Cao X Y, Mao J D, et al. Analysis of carbon
functional groups in mobile humic acid and recalcitrant
calcium humate extracted from eight US soils[ J]. Pedo-
sphere ,2013,23(6) :705-716.

Pacheco M L, Pefia-Méndez E M, Havel J. Supramolecu-
lar interactions of humic acids with organic and inorganic
xenobiotics studied by capillary electrophoresis [ J ].
Chemosphere,2003,51(2) :95-108.

BOAMEBRER T, ESHIR, AR EOK 5T 3K AL AE A
NEAFFE )] oK L AR BT, 2008 ,15(3) : 164-166.
5L B SE A TR AR, AL R ORI K 2 B aa
FRRPER O &R R R R[], £OR A,
2010,18(1) :96-98.

FARET, &, BIBUE, S SR AT KT S
PR R BB R[T]. T R X R BT 5, 1998, 16
(1):100-105.



