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W OE: yUsmpELE LR R EELERAR LR, RIHR K E 0 kgrhm~?(CK) .6 000 kg hm ™2
(D1) .12 000 kg*hm~2(D2) .18 000 kg*hm~2(D3) .24 000 kg*hm~2(D4) .30 000 kg-hm~2(D5) ;2011 4 — K 7 A\,
2012—2015S EHHRAMNBEZE M LR KE MAEDER AMIEHEENY Y, FRLN  WHLERAEY
edR m A O ,2012 F D2.D3 A R, R IEAR R T 11.41% .8.93% 5 2013 47 D3.D4 4 3 R AT, & xd B
P75 78.39% .5.56% ;2014 4- £ H.h D4 DS AL FE R AR E T 10.25% .8.32% ;2015 4F % I D4.D5 4 R xt H
RET 8.71%.7.48%, B, KAMABELTREEHH0~100em £ ELFEAKE, £ 10~20 cm £ 2 & %
BE B BRE1.21% ~40.76% . #7888 F 3 2012—2015 % 0~ 10 em + B HIEME M E D EH A
GE ETANAT EEE M IREE M, T4 A B CK B 2.92% ~31.42% .5.05% ~ 47.15% .4.75% ~
45.89% .2.73% ~49.91% .6.67% ~70.00% ., [ W, Ltk % B E XK EHE L BORAE MRS HELFELE
MR, EERREA K, AR FREn, G A ELERREESE,
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The effects of bentonite on soil moisture and biological
characteristics of oat at seedling stage

SUN Meng-yuan', LIU Jing-hui', MA Bin', ZHANG Yi-chao®, YAN Wei-kai®, MA Bao-luo®
(1. Agricultural College , Inner Mongolia Agricultural University , Huhhot, Inner Mongolia 010019, China;
2. Ottawa , Canada, Research and Development Center, Ottawa K1A 0C6, Canada;
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Abstract: To investigate the role of bentonite soil supplement on water retention and soil amelioration as well as
seedling protection in the dry farming regions of Inner Mongolia Loess Plateau, a field experiment with (0(CK), and
6 000(D1), 12 000(D2), 18 000(D3), 24 000(D4) and 30 000 kg'hm_z(DS) ) of bentonite was applied. After one-
time application in 2011, the effects of application rates on oat seeding characterization and soil moisture content, micro-
bial biomass carbon, microbial biomass nitrogen and soil enzyme activity were examined in 2012—2015. The resulis
showed that one-time application can improve the emergence rate, in 2012, D2 and D3 were higher than that of control
with 11.41% and 8.93% respectively; in 2013, D3 and D4 were higher than that of control with 8.39% ,5.56% re-
spectively; performance in 2014, D4 and D5 compared with the control improved (increased) to 10.25% and 8.32%
respectively; in 2015 D4 and D5, were 8.71% ,7.48% respectively higher than the control. One-time application of
bentonite raised soil water content in the soil profile (0 ~ 100 em), with the most significant increase of 1.21% ~
40.76% at the 10 ~ 20 c¢m layer. Compared to the CK treatment, bentonite increased soil microbial biomass carbon
(2.92% ~31.42% ), nitrogen(5.05% ~47.15% ), catalase (4.75% ~45.89% ), invertase (2.73% ~49.91%),
urease (6.67% ~70.00% ) in the top 10 cm soil. Tt was concluded that the application of bentonite can obviously im-
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prove soil water retention, water holding capacity and soil biological traits in the plough layer during the oat seedling

growth period. With time, the long-lasting effect of higher application rates of bentonite became more evident.

Keywords: bentonite; rate of emergence; soil moisture content; biological characteristics
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Table 1~ Soil physical and chemical characteristics of the experimental field in 2011

HHLG/ (g kg™")

Organic matter

2R/ (g kg™)
Total nitrogen

2/ (g kg™)
Total phosphorus

iR A/ (mg-kg™")

Available nitrogen

AL/ (mg-kg™")
Available phosphorus

B/ (mg-kg™")
Available potassium

10.96 0.49 0.43

37.10 6.55 118.9

1.2 R4y
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Table 2 Experiment design in the field

sl

Treatment

CK D1 D2 D3 D4 D5

it A S -
/( kg hm™ 2)
Bentonite application

6000 12000 18000 24000 30000

amount
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15 5.26% .10.98% .25.24% .20.56% .15.54% ;2014
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Table 3  Distribution of 2010—2015 experimental field
May — September rainfall

Ay A Year
Month 2010 2011 2012 2013 2014 2015
511 May 533 16.0 26.1 23.8 353 27.5

6 J1 June 40.3  22.2 60.7 80.1 78.5 54.3
711 July 37.7  25.6 144.4 213.8 77.9 35.0
8 /1 August 63.5 8.0 55.1 53.6 106.5 26.7
9 H September 12.6  32.0 49.6 28.5 91.3 106.2
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Fig.1 Effect of bentonite application on soil water content in the O ~ 100 em soil layer during the oat seedling stage
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Fig.2  Effect of bentonite application on the emergence process of oat
F 4 AEMEAZREELEEIT 2012—2015 F iS4 SEEFERFME/ (ml g ' +30min~")
Table 4  Effect of different bentonite treatments on soil catalase activity during oat seedling stage in 2012—2015
Ty by FJZHIE Soil depth/cm
Year Treatment 0~10 10~20 20 ~ 40 40 ~ 60
CK 16.94Ff 16.64Ff 16.04Ef 15.20De
D1 21.69Cc 21.18Ce 19.17Ce 17.13BCe
2012 D2 24 .68Aa 23.65Aa 20.78Aa 18.49Aa
D3 23.30Bb 22.20Bb 20.03Bb 17.81ABb
D4 19.87Dd 19.38Dd 17.77Dc 16.52Cd
D5 18.50Ee 18.12Ee 17.21De 15.60De
CK 21.47Ff 21.17Ff 20.06Ef 18.08Cc
D1 22.49Ee 22.40Ee 21.06De 18.43Cc
D2 23.97Dd 23.63Dd 22.06Cd 19.78Bb
2013 D3 27.51Aa 26.67Aa 24.10Aa 21.82Aa
D4 26.38Bb 25.74Bb 23.43ABb 21.18Aa
D5 24.76Cc 24 .58Cc 22.80BCc 20.10Bb
CK 17.06Ff 16.76Ff 15.92Ee 15.08Dd
D1 18.41Ee 17.46Ee 17.13Dd 15.30Dd
D2 19.59Dd 18.29Dd 17.79Cc 16.34Cc
2014 D3 20.17Cc 19.37Ce 18.64Bb 16.78BCc
D4 23.28Aa 22.25Aa 19.57Aa 18.12Aa
D5 21.24Bb 20.67Bb 18.81Bb 17.40ABb
CK 13.40Ee 13.82Ff 11.16Ff 11.06Ed
D1 14.38Dd 15.08Ee 11.90Ee 11.60Dc
D2 14.63Dd 15.70Dd 12.82Dd 11.93CDc
2015 D3 15.64Cc 16.60Cc 13.80Cc 12.31BCb
D4 16.81Bb 17.50Bb 15.01Bb 12.57Bb
D5 18.01Aa 18.66Aa 15.80Aa 13.39Aa

T R [ — AR AN ) L2 AL B AR ) S SRR /NE FRERIRTE 0.01 500.05 K E2ERARE . TIH.

Note: Mean in the same year and same soil layer followed by the same capital letters or lowercase letters are not significantly different ( P >0.01 or P >

0.05) according to a protected LSD test. The same below.
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Table 5 Effect of different bentonite treatments on soil invertase activity during oat seedling stage in 2012—2015

Ay Vil T 2B Soil depth/cm

Year Treatment 0~10 10~ 20 20 ~ 40 40 ~ 60
CK 26.79Ff 23.39Ff 9.33Dd 6.83De
D1 31.62Cc 30.80Cc 13.13ABb 9.61Bb
D2 35.03Aa 34.11Aa 14.60Aa 10.43Aa

2012 D3 32.71Bb 32.34Bb 14.34Aa 10.07ABa
D4 29.79Dd 28.96Dd 12.20BCb 8.30Cc
D5 28.04Ee 25.69Ee 10.83CDc 7.82Cd
CK 16.59Ff 13.19Ff 8.02De 5.52De
D1 18.51Ee 14.38Ee 9.01CDd 5.89Dd
D2 20.47Dd 15.80Dd 10.33BCc 6.68Cc

2013 D3 24 .87Aa 20.46Aa 12.62Aa 8.17Aa
D4 23.53Bb 18.71Bb 11.67ABab 7.95Aa
D5 21.74Cc 17.26Cc 10.70Bbc 7.40Bb
CK 27.00Ee 23.60Ee 9.45Ff 6.96Dd
D1 29.98Dd 25.40Dd 10.71Ee 7.08Dd
D2 32.68Cc 28.20Cc 12.42Dd 8.21Cc

2014 D3 33.57Bb 29.68Bb 13.18Cc 9.26Bb
D4 35.50Aa 32.70Aa 15.03Aa 10.21Aa
D5 33.91Bb 30.10Bb 14.27Bb 9.75ABab
CK 20.48Ff 18.58Ef 6.20Ff 5.46Cd
D1 21.04Ee 19.28Ee 7.13Ee 5.83Cd
D2 22.61Dd 20.18Dd 8.19Dd 6.81Bc

2015 D3 23.92Cc 21.79Ce 8.92Cc 7.28ABb
D4 25.79Bb 23.20Bb 9.47Bb 7.73Aa
D5 27.02Aa 25.31Aa 10.20Aa 7.85Aa

2.4.3 AL LI PREEERG A IR
Ik 2 5 IR BIE B A, A S 5 1N
TEEF A b,V B ol 2 7 I R R e ik
P CEEE G , A Ab PR 2K A il 2, VT - 488
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B EL 2012 45340 T 9.24% ~ 31.42% ;2013 4F
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2012 4F D1.D2. D3, D4 F1 D5 A [a] 4b 3 45 %5t 18 43 5]
T 12.94% ~ 22.19% .20. 77% ~ 32.25% .
17.50% ~ 26.92% .7. 68% ~ 13.46% .3.13% ~
9.20% ,HH D2 Al D3 #2555 T X HE 5 2013 4R 4%
AL PR X B3 BIIE N T 4.09% ~ 15.52% . 11.84%
~23.83% .33.33% ~ 46.57% .28.65% ~ 36.82% .
19.37% ~29.96% , Herf D3 #l D4 % B 35 2 T % 1
2014 AEA AL BRSO BEAF I IN T 10.35% ~21.21% .
19.86% ~ 32.35%.28.81% ~ 36.53% .34.13% ~
41.29% 43.92% ~ 47.16% , H:rfr D2.D3.D4 1 D5 #%
W = T IR 2015 4F 4% A BRI A3 8 n T
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Table 6  Effect of different bentonite treatments on soil urease activity during oat seedling stage in 2012—2015

3.1

PN ROKA RS REFR 5 K M 1 4 0
], T ok S B 5 AR AT
S5 5 HI N E AEAR S AN [a] it P i
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Fig.3  Effect of different bentonite treatments on oat seedling soil microbial biomass carbon in 2012—2015
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Fig.4  Effect of different bentonite treatments on soil microbial biomass nitrogen during oat seedling stage in 2012—2015
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