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Effects of continuous application of water-retaining materials on soil

characteristics and oat (Avena nuda L.) growth under dry-farming conditions
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1 Inner Mongolia Cereal Engineering& Technology Research Center, Inner Mongolia Agricultural University, Hohhot 010019, China
2 Inner Mongolia University ,. Hohhot 010021, China

Abstract: A four-year experiment was conducted to investigate the effects of polyacrylamide ( PAM) and potassium
polyacrylate ( PAM-K) application on the growth characteristics of oat (Avena nuda L.) and soil at different soil depths and
in different years (2011, 2012, 2013, and 2014). The correlations between the growth characteristics of oat and soil
micrebial biomass, nutrients, moisture content, electrical conductivity, and bulk density at the respective soil layers in a
dry land area of Inner Mongolia were also examined. PAM and PAM-K were applied at a rate of 75 kg/hm’ per year. The
experiment consisted of a total of 8 treatments and a control. The application groups were as follows: conventional tillage
(CK), (1) M1. PAM 2011, (2) M2. PAM 2011 and 2012, (3) M3. PAM 2011, 2012, and 2013, (4) M4. PAM
2011, 2012, 2013, and 2014, (5) Al. PAM-K 2011, (6) A2. PAM-K 2011 and 2012, (7) A3. PAM-K 2011, 2012,
and 2013, and (8) A4. PAM-K 2011, 2012, 2013, and 2014. This was a two-factor experiment involving a randomized

ESWE : HEKAARRFEEETH (31160267) ; K BHE LA B2 BT H (2015BAD22B04) 5 4 FE A FBHAAS H A A B FHARH A BA s N5l A
T8 DX THE 22 A 5 0 VBB 3 5 ) P RLE G397 41 BA (20140401 ) 5 IR IAR AL 77l 3 AR 4K £ ( CARS-08-B-5) ¥ Bl

175 B H#5:2016-04-13; P 2% tH ki B A :2017-04- 24

# JIAAEZH Corresponding author. E-mail; cauljh@ 163.com

http ://www.ecologica.cn



17 3] Sk A R IR BB AR SR AE R MR Rt A K R 5651

complete block design with three replications. Each treatment occupied a plot area of 4 X 5 m. Water-retaining materials
were spread equally on the surface of the land and then incorporated into the soil by tilling. Oat seeds were sown on May 25
and harvested in late September during the four experimental years (2011, 2012, 2013, and 2014 ) at a rate of 3750000
plants per hectare with a row spacing of 25 cm and seeding depth of 3—5 em. With increasing PAM and PAM-K
application, differences in micro-ecological effects were observed at different times for the rain-fed farmland. The results
showed the following superiority order; 4 years > 3 years > 2 years > 1 year. At a depth of 0—60 c¢m soil, compared with
the control, for the treatments administered continuously for four years ( A4 and M4) , soil moisture increased by an average
of 27.18% in A4 and 34.40% in M4. A decreasing trend was observed for soil bulk density and soil electrical conductivity ;
soil bulk density decreased by 2.33% and 6.64% , while soil conductivity reduced by an average of 29.50% and 22.70% for
A4 and M4, respectively. Soil nutrient content (available P, N, and K, organic matter) increased in/both A4 and M4.
Microbial biomass carbon (MBC) , nitrogen (MBN) , and phosphorus ( MBP) showed an increasingttend ;s MBC increased
by an average of 24.11% in A4 and 31.89% in M4, MBN increased by 46.52% in A4 and 69.96% in M4, and SMBP
increased by 35.21% in A4 and 52.70% in M4. Interestingly, at a depth of 10—20 ¢cm, MBN increased by 98.95% in M4,
while at 0—10 ecm, MBC increased significantly by 31.13% and MBP increased by 74.49% in M4, respectively. At a depth
of 20—40 cm, MBC increased significantly by 62.27%, while MBP increasedwby 49.91% in M4, respectively.
Additionally, the oat seedling aboveground fresh biomass increased for A4 and M4'by 90.53% ‘and 146.91% ; aboveground
dry biomass increased by 101.56% and 128.13%, plant height increased by 33.67% and 76.39%, and grain yield
increased by 19.27% and 22.40%. Significant improvement was observed with continuous application of PAM and PAM-K
in the plowing layer (0—20 ¢cm) and near the application layer (20==40 em): We recommend PAM treatment, which is
more suitable for yellow loamy soil, than PAM-K treatments, to improve soil quality and increase crop yield in dry farming

areas.

Key Words: water-retaining material ; soil moisture. content ; (soil electrical conductivity; soil bulk density; soil nutrient;

soil microbial biomass; oat
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Hi15 90% VA b SEXgHER 1374 m, AE SRR 7.19C, =10°C R 2 370°C , TCRE A 140 d,4F H BRSO 2914
h, AEFE R K H GE 19 d, 48 SRS iR 570.6 k)/em® AEFET i 365 mm, 4FZ8 K& & 2577 mm, J& SR
s T R RR 2 R et - RS R S w4 4 b SR 43.65% , A1 R 4K 118.80 mg/kg, +
HRRUTR A 1.45 ¢/cm’ , B AL & & 10.25 g/ke, BlAE A 45.10 mg/kg, MAHE 7.40 mg/ke, HALHT 123.80
mg/kg,pH } 7.84
12 g —fen,—acn, 41— —fen,—cn,J—
PR i R oA g —5 5 AR A R K PAMLK C|:O AN (|::0
AL AR ml it B TR FREeY . RNER (I) . ILH
B (PAM-K) iR 8 (0 0RE, 4> T4 24 1000 J7, % 18 N :
1.09¢/cm’ , 7 FK | L BEFN 5 EESE, 300°C L 1 5 4% 1 AHEAHALZENE
BRI A DGR G T2 T S TR
T HIEH 130 g/em’  BKIZIK, JLF AT AILE polysorylamide
F1,120°C LA I 5y 43 % . PAM-K Il PAM 43 38 4 42 4F
YA s B R T R AR, e g A 1 R
1.3 it
WET 2011 ARG, % 9 MO BE BEALIX H i1, R 3 W, /DX AL 4 mx5 m, HA I (CK) AT
b3, PAM-K Fll PAM 25 AL B THE4FE 5 25 H (RIERIAT) 23 5l BI50808 T/ X R i (£ 1), J5 ##17 ek,
FEHFARE ] 15 em, HHAVEYIHER DR, 37E 5 150 kg/hm’, FTHE.25 em , & 45 BER K H

F1 ARG
Table 1 Experimental Design
b B AR R4 it/ (kg/hm?) Jiti FH AR R
Treatments Experimental materials Application rate per year Application years

CK it ANt ATt

Al PAM-K 75 Hii A 1a(2011 4F)

A2 75 SN 2a( 2011 Fl1 2012 4F)

A3 75 HESEA 3a(2011,2012 F12013 4E)
A4 75 RSN 4a(2011 2012 2013 .2014 4E)
M1 PAM 75 Hjii A 1a(2011 %)

M2 75 PRSI 2a(2011 F1 2012 4F)

M3 75 HESEA 3a(2011.,2012 F12013 4E)
M4 75 HESEA 4a(2011,2012.,2013 2014 4E)

PAM-K: RNIGEIREF Potassium Polyacrylate; PAM; RINMEBENE polyacrylamide

1.4 WEmE 555k

T2014 6 H 15 H , He H WIHCAE R AEYIFE B 0—10,10—20 , 20—40 40—60 ,60—80 .80—100 cm
LR RREHEAT LR SR (SMC) K HEAS TR (SBD) iiilsE ", U AR M b4 A TEE R (AFB) T
(ADB) % # (plant height, PTH) B95E " . FH - A5 BEALASEL 0—10,10—20 ,20—40 ,40—60 cm 2 - ek
iy B /IR EARIR A 5 ] S 3 % . — 300 T B AR XT S 4 1 mm 0, H T R A A PR TR
PRI E AU K, Cr, O, 7 22 1 (SOM ) | Fifif U NaOH-§HU% (N) A5 2005 F NaHCO,- S BT Lo (375
(P) FEERLHN ] NH, OAc- KMAIEEE (K) , % JH DDB- 1A {3550 i GRS AT 48 SR (SEC) (i & (£
K=1:5) o T5—For et i HAE bR b Sk sk A it 2 mm G, B 2585 /K 07 L 580E R R = 40% H
K, T 25 C FERERRIE 15 d, 2T B wrapmiE |

(1) B E ik BRI Rk, RIEME Y E Y sk (MBC) TH5AX N MBC=E /
ky., 20 E, =HEZ% 1 FE TOC-AKEZE +FE TOC, ky =0.38, AN L mg/g TR,
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(2) BIERUEY A YA ARG Sk, MY AEY R A (MBN) HHE A XN MBN =
mE ;B B = 7R PR R TEZE HAEE, m=5.00, B0 L) mg/g T HRIR

(3) HEERUEY A Y e AR R E Y A Y E B (MBP) IFE AKX N MBP =E,/
k,, X B, = B8 FRHE-REEZE LRk, =0.40, A0 LL mg/g T H30R

MR T 2014 429 H 20 H#HEZE UG, £ /N XBEALTER 1 m® W0 5ok hr K A 4 7 i (HT 58 A 1™
)RR TR
1.5 Zdnabs

K HI Microsoft Excel 2003 Fl SigmaPlot 10.0 #4742 El SR HI SAS 9.0 Gt 7 A 4 (4 W Bl ik 1 7 2 Sl 4k
K & R 3.3.1 BAFSEA A M50 Hr

2 EREH

2.1 PR AR A 3 PR Ak 2 1 R 1 5
2.1.1 PR BEXT 1 58 K i R

M 2 B[ %0 0—10 em 2B ALFE SMC ¥I7E 8.5% LA T, AJR] PAM-K F1PAM ZFHRZS 14 F SMC #5 CK 14 1iF
H=6.16%—25.93% F1 11.35%—37.76% , M4 M3 A4 4 FRAR K 5k fE S50 &8 ToA2 A1 K CK 3 (P<
0.05) ;10—20 ecm +JZ SMC & 8.91%—11.98% , A [F] PAM-K .PAM At 38 =F CK, M4 M3 A4 Fil A3 43 g
TR T HABA P (P<0.01), % CK ¥4 08 4 21.10% ,19.12% , 34.46% F1'15.31% ; 20—40 cm + )2 SMC K
9.23%—13.46% ,M4 A4 LAbBREE CK 43538 0 T 34.65% 1 45:82% (P<0.01) ;40—60 cm 1 JZ SMC 1 7.96%—
11.12% ,M4 A4 KbFE%E CK 435380 T 25.68% 1 39.76% ; 60—80,80—100 cm + 2 A[F AL SMC ¥17£6.26%
1 5.90% 547, BREGE .
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Fig.2 Soil moisture content in 0—100 cm soil layers under different treatments
EH R /NG F R REE 0.05 K RS2 5 Bdi 9 bR iE2 (n=3) ; CK . ANiifR 7K B FF Without water-retaining material ; A F1 M 43-51]
U3 PAM-K F1 PAM, 807 1.2 3 1 4 735 ACR FUIEA 1a JEZE 2a A (JEZE 3a Jili AFIESE 4a A

2.1.2 PR B 5 H SR A 52

PAM-K 1 PAM AFRF SEC YT CK, Hdr A4 F1 M4 4l ,0—10 em )25 911%% CK F#IK T 38.44% 71 13.
36% ;10—20 cm )2 SEC 435 CK F#AE T 31.58% 1 34.41% ( P<0.05) ;20—40 em 1J2 SEC 2091 CK BT
26.93% F11 28.29% ( P<0.05) ;40—60 cm +)Z SEC 437 Lt CK P& T 22.08% 1 28.09% ( P<0.05) (& 3)
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2.1.3  PRPRAK ORI 1355 3 52 3

M 4 ATLUE L BEE PAM-K Fl PAM Jifi FHAFBR 9 v o s el“‘j;°°“d”°ﬁv:z/(m5/°m) o L
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44.14% I 51.95%  38. 06% FI 44.96% . 30.34% Il = 20 r
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16.45% F132.78% . 21. 20% A 31. 41% . 27. 70% Fi - -
21.86% .8.97%Fl1 5.14% ;40—60 cm +J24351°427.59% 40 - =
1 54.94% 20.76% K11 31.61% ,15.73% 1 31.29% 12.75 o o
FIILS3%. 0] kbR SR BRI R o] | =N
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B AEY T TR AT R, HEAEIEH & 75
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Fig.3 Soil electric conductivity in 0—60 cm soil layers under
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T A= IS0 R, SBD A3 B R, PAM-K PAM £ AbBEAE 0—100 em +J2 SBD FEM—3, b 1+ )2
PR E 2 T - TR N7 AR A R :0—10 em<10—20 em<60—80 cm<80—100 cm<40—60 cm <20—40
em, DL 10—20 em +JZ R, CK 40FE SBD 2y 1.57 g/em®, & T M4 M3 M2 M1 A4 A3 J2 A2 4bFH 5 Al
LEFRTE R 2 5 ANFAL R (PAM-K . PAM) B F CK, [ 1H 4 3.99%—14.20% , Vi8] PAM-K PAM U8/ T

SBD, A FI TH R A, % T IR0 B e e
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Table 2 Soil bulk density at different soil layers under different treatments

2% Soil depth/cm 0—10 10—20 20—40 40—60 60—80 80—100
fﬁffﬁffy ( f/ef f)‘r‘: Zowmg 1.43 1.56 1.57 1.50 1.49 1.51
Wk A A EH/ (g/em®) CK 1.51£0.11a 1.57+0.02a 1.56+0.06a 1.50+0.07a 1.54+0.02a 1.55+0.02a
Harvest time soil bulk Al 1.50+0.08a 1.50£0.05ab  1.56%0.10a 1.51+0.02a 1.50£0.02ab  1.51+0.06ab
density A2 1.4920.10a 1.49£0.03ab  1.55+0.08a 1.500.07a 1.48+0.06bed  1.51+0.03ab
A3 1.48+0.09a 1.52+0.03ab  1.54+0.02a 1.50£0.02a 1.47£0.04bcd  1.500.04ab
A4 1.47£0.07a 1.50+0.05b 1.53+0.02a 1.49+0.02a 1.4420.04cd  1.50+0.07abc
M1 1.5020.15a 1.52+0.03ab  1.55+0.07a 1.52+0.02a 1.5120.02ab  1.51+0.02ab
M2 1.4120.11a 1.47£0.02bc  1.55+0.02a 1.500.03a 1.49£0.03abc  1.49+0.02abc
M3 1.38+0.13a 1.4320.04cd  1.51+0.02a 1.500.03a 1.4420.02cd  1.45+0.02bc
M4 1.3420.12a 1.4020.03d 1.51£0.06a 1.4720.03a 1.42+0.02d 1.4320.03c

R PIRBIA R NG TR IRTE 0.05 K L 25 5
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Fig.4 Soil nutrients in 0—60 cm soil layers under different treatments
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Fig.5 Soil microbial biomass C at different soil layers under different treatments
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Fig.6 Soil microbial biomass N at different soil layers under different treatments
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AR S TREE 430 292.56x10%/hm? (23.18 g, ¥ fe e . Sk B . PAM  PAM-K {Witi ] 1a, BRI 347
BEPEROR DL PAM Sic i SR 2.3 (4a, BE P RURARWHE & . [RIAS &3, PAM \PAM-K (it 1a #5403 5
CK M, EHCARE

#3 FEEAFRELEREFEREMEERHEL

Table 3 Changes of different application period treatments on oat yield and its components

o5 AL FRLAL T ﬁ*ﬁf‘% .M@Fﬁi
Treatments Ear 4numbezr/ Seed r‘lumber/ Thousa-nd kernel Grain yleld/ Biomass ylzeld/
(10*/ hm?) bA weight/g (kg/hm?) (kg/hm?)
Al 275.56a 53.93ab 20.05¢ 2883.39¢d 9032.17h
A2 280.05a 55.22ab 20.75he 3052.26bcd 9294.5ab
A3 289.49a 56.05ab 2labc 3143.91abed 9460.68ab
A4 290.85a 57.41a 21.28ahc 3353.18ab 10440.16a
M1 272a 53.63ab 21.4abc 3061.46bcd 9553.57ab
M2 280a 54.49ab 22.38ab 3074abcd 9619.21ab
M3 284.94a 56.31a 22.98a 3219.41abe 9944.93ab
M4 292.56a 57.91a 23.18a 3441,32a 10304.64a
CK 263.12a 50.48b 19.55¢ 2811.43d 8856.17b
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