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Effects of microbial inoculants on soil water retention and promotion of
plant growth efficiency in desertified soil

Huang Xiaogang, Chen Minjie, Zheng Chunli, Wang Zhe
(School of Energy and Environment, Inner Mongolia University of Science and Technology, Baotou, Inner Mongolia 014010, China)

Abstract: [Objective] The effects of microbial inoculants on soil water-retention capacity and plant growth-
promotion mechanism in desertified soil were explored in order to provide references for water-retention capacity
improvement and sustainable agricultural development. [ Methods] Three Bacillus spp. were used. By combining
indoor infiltration evaporation experiments with field experiments, the effects of different microbial inoculants on
desertified soil were comprehensively evaluated using indicators such as soil water retention performance,
aggregate composition, enzyme activity, and plant physiology. [ Results] Compared with the control group, the
triple and dual bacterial inoculant treatments increased the proportion of large aggregates (=>0.25 mm) by 23.09%
and 32.51%, respectively. The triple bacterial inoculant treatment increased the organic carbon content by 2.96 g/kg,
and the total and alkali-hydrolyzed nitrogen, and available phosphorus and potassium contents by 21.54%,
61.50%, 312.16% and 30.17%, respectively. The effects of different bacterial inoculants on soil enzyme activity
vary. The triple bacterial inoculant treatment significantly increased peroxidase and sucrase activity and significantly
promoted plant growth, which manifested as a significant increase in plant height, root length, proportion of

underground biomass, and the root cap increased by 5.0% compared with the control treatment. [ Conclusion ]
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Bacillus inoculants can effectively improve desertified soil and achieve growth-promotion effects by improving the
soil structure, reducing water evaporation and increasing nutrient content. Among them, the triple bacterial
inoculant treatment showed a significantly improved synergistic effect than a single bacterial inoculant treatment in
promoting plant growth.

Keywords: microbial inoculants; improvement of desertified soil; soil water retention capacity; promotion

of plant growth
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Table 1 Basic physical and chemical properties of test soil

S M SR/ N/ EOKE, AR/ MR i it 2L/ AR/ AL/
’ ! (pSem ') (gecm?) % (g+kg) (g+kg) (mgekg) (mgekg ') (mg-kg")
BE 8.33 370.67 1.57 6.49 4.97 0.817 129.543 8.39 87.553
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Fig.1 Effect of different microbial agent treatments on soil infiltration and water loss
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Table 2 Agglomerate percentage of different size particles after treatment

AR kLA AT SRR 5 L/ %

b3
<0.25 mm 0.25~0.5 mm 0.5~1 mm 1~2 mm 2~5mm >5mm

CK 63.45 18.25 5.60 3.75 4.10 4.85
CM 41.20 13.65 13.55 12.25 10.40 8.95
S 48.64 26.96 8.76 4.92 4.56 6.16
M 46.30 11.86 10.64 9.66 11.40 10.14
B 41.06 19.68 15.78 10.8 9.22 3.46
SM 30.98 23.68 16.22 10.52 9.68 8.92
SMB 40.36 14.24 12.04 11.78 12.48 9.10
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Table 3 Changes in pH value, EC and organic
matter in different treatments

pUstY pH{H B3R/ (pSeem ) ALK/ (g-kg D)
CK 8.334+0.17" 370.67+7.84" 4.9740.31
CM  7.83+0.18" 1192.67+21.45 7.23+0.67"
S 8.354+0.13" 551.3343.18° 6.03£0.46°
M 8.38+0.14" 1449.67+17.66" 4.8240.36"
B 8.30+0.13" 1209.33+13.28" 14.16+1.08"
SM 8.284+0.17" 1674.00+23.79" 6.26£0.47°¢
SMB  8.20+0.03" 1411.00+23.22° 7.93+0.26"
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Fig.2 Effects of different microbial inoculants on soil total nitrogen, alkaline
dissolved nitrogen (a), and effective phosphorus, quick potassium (b)
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Table 4 Effect of different microbial inoculants on

enzyme activities

e i B / 1t ALY/ e/
(Uegh (pmol+h™'+g") (mg+d'+g™")
CK 970.484-32.33° 262.862+13.12°  4.189+0.45
CM  1031.284+33.24* 296.851+14.12"  7.33340.44"
S 1792.88+32.1° 214.562+13.12°  9.61940.62"
M 1103.44+46.48" 254.275+13.61° 6.876+0.43"
B 1065.124£29.67" 309.0164+14.31" 6.576+0.31°
SM  1002.00£30.31% 323.685413.64*  7.61940.64"
SMB  657.28+26.42" 302.934+14.15" 9.448+40.84"
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Fig.3 Effect of different microbial inoculants on plant height, root
length (a), and fresh weight, root-crown ratio (b) of plants
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Fig.4 Correlation between soil water retention properties
and physicochemical indicators under different
microbial inoculants treatments
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B HE pH (B AR o TR It 5 G 25 SRR L LG
TR R Y 7 IR B RE 0 3 e T I 2 A 2E AT IR
P AR MR A BRI AL B A . AR, B ER ZF 6 R B Ak B
1A 2o S AL W O P AR T O A b B X — 4
REBHHE N ER - 2L TS H
b Kb 3 2H T8 i 1 R BT R R IR ) S A
AR S A O Eh B YR — Dy A T
A= 43 W6 TR T 1 R T, [ s R AIG T D = 49 v Rl 1 T
PEs Oy — L R AT T R ST
AL 0 AR 0 3o 480 Ab P S R, DA 4 R L A AL
A7 O Bl R
3.3 N[E AL EE X AE 4 B AR A R

EAOAT BT A 0 ) T RE 8 T YA ) 1N R K 43
U 3681 P FE R R B R A T R R vh S B
UF B HE AR o R A AR O T Sl S 22 A 4 b R A
S, R R R W AR A A R 0 1 A A
WA AP AR FR R B R IR A W R R E AR K B A
EMEERA . R R R A RGBS Y
W e 47 Gk 3 K, e 3l g ) Ak PR R RAR A Y
RHEERIC B PR R, ETRAGT  ME
Py v R AT o AR R R A AR R IR R K
JE e b 3 T B, DT 8 5iR AR A Pt v L AR U A K R
B ik — 2 B G A R A AR R R
M, A B 5% W0 8 T AR AR G L L 25 SR SR, 3 B R Ak
FAA MM R EE ol 3, R L 5 2w T A
AR . X — LG UE R T AR W AE 3 R T ) A 3 40
FE AR 2 1 v A A R ) e £ R i
BA A REERD, BRI TP i
i 3 70 BT 751 Ak 4 AT ) A R 8

AW G AL BT T AN [ A 0 o 700 K 4 Tk 28
F A TR - e AL AR bR S W AE K, O R
W oA A U0 AL i R PR R TR 2R AR R . AR
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S IGE R A5 < AR 0 T R 0T Al AR K R A AR R AN, B R 159

T, 958 DX ICH AT JRy BRAVE |, oR ok T it — 20 4 J 22 I At
PV L EAT IR AIE . AL, 3 b i 5 A B2 X
A R L R S8 A B W R SR 5T R R AR T
e SR A W R i A A S AR Y 23 A, LI
Tl AR % V0 A e R A A TP B

4 én ilﬁ

(1) 55 BRAH Fb , ol 26 90 78 70 A 3 e 08 Wl 35 4 7
WAk 5635 3 RO OK M RE | [ B R 6% 5 35 8 I +
1 vh K A B AR (>0.25 mm) (19 H ], 3 F T ) Ak B 4H
BN IR T 23.09 % .

(2) 3B 700 A 2 20 A BL A 7 o A 6T BRI T
2.96 g/kg. E%ﬁmTiaﬁ% oy, R A R
oA RO RLE AR, o B R T
21.54%,61.50% ,312.16 % %ﬂSO.l?A,i’é%i@i}_\‘ﬂE
EIK(p<C0.05) o AN Rl ff A= 0 o 300 % 4 M g 35 P 7Y
S AETE 3 22 5 (p<<0.05) . [ R 2F LT B Ab B 3%
PR A 5 1 R il T M A S SRk W T P A X A
ik M Z T, 30 B R Ak 2 0 2 i v T Ak
Py T ROV PR T 0% e (G DR Tl 3% A X A

(3D 37 T ) b 3 2H 1 e v AR 0 31 50 0] B
T 18.7% F122.3% (p<<0.05), [l @ F T T M
Yy b Az o ) LA AR G L A B R K(E, B X R
BT 5.0% 0 X —ZB k3G s TR W T 50 Y
e A B THEWAET R hE K
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