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ABSTRACT :

This research focuses on the use of arbuscular mycorrhiza biofertilizer with vetiver and
rhizobium biofertilizer with soybean to reduce soil erosion and increase soil fertility and yield of
maize. In 2017, the experiment was studied at Khao Suan Kwang demonstration plot, Agricultural
Production Sciences Research and Development Center. The experimental design was RCB with
3 replications and 7 treatments, all treatments were applied chemical fertilizer based on soil
analysis rate 30-5-10 kilogram N-P,0s-K,O per rai. The result showed that treatment was applied
soybean and vetiver with arbuscular mycorrhiza biofertilizer was effective in reducing soil erosion
about 42 % and nutrients loss which positively correlated with high yield of the values of fresh
weight for ear without husk, husk, cob and grain such as 668, 117, 89 and 672 kg/rai, respectively.
In 2018-2019, the experiment was studied at farmer field, Ko Rang sub-districts, Chai Badan district,
Lop Buri province. The experimental design was RCB with 4 replications and 6 treatments. The
results are similar to those at Khao Suan Kwang demonstration plot which treatment was applied
chemical fertilizer rate 20-5-10 kilogram N-P,Os-K,O per rai, mung bean and vetiver with arbuscular
mycorrhiza biofertilizer was- effective in reducing soil erosion about 67 % and treatment was
applied chemical fertilizer rate 20-5-10 kilogram N-P,0s-K,O per rai, vetiver with arbuscular
mycorrhiza biofertilizer was reduced nitrogen phosphorus and potassium loss about 44, 64 and
54 %, respectively.

Key - word : Mycorrhiza biofertilizer, Maize, Soil fertility
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NIYVBIOUNIARAU wudﬁuﬁﬁwmiﬁnma@uﬂduLﬁaaumuﬂmq o1allosnandviwavesingiu
sudafhinanagneudan efeudisutunuriduietu wuiiduiuiuunss winhnmmeses
IfAvAuluwsaznssndBuhnislinseisinems nuiwinavedunietng lulasauimun

Woanesamduuszleviuaslnuvadeuiivanuasuladnanamnnssuds udaziiulainlunssuisa 4 5
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Table 1 General characteristics of soils before planting and after harvesting.

Soil properties

pH OM TotalN AvailLP Exch.K  Sand Silt Clay Texture
Samplin

periods (—gkg!—)  (—mgkgl—) ( % )

Before planting* 578 53 0.22 75 49 73 17 10 Sandy loam
After harvesting

FP 501 51 0.14 17 18  -* - - -

SF 493 56 0.10 7 21 - - - -
SF+SB 486 53 0.07 a5 20 - - - -
SF+VG 482 4.8 0.09 26 20 - - - -
SF+VG+AMF 471 54 0.10 26 22 - - - -
SF+SB+VG 533 3.7 0.19 33 22 - - - -
SF+SB+VG+AMF 500 3.8 0.09 34 23 - - - -

Remarks: FP = Farmer practice (15-15-15, 46-0-0); SF = Soil test-based fertilizer application (30-5-10);
SB = Soybean; VG = Vetiver grass; AMF = Mycorrhiza biofertilizer.

* The average from 5 samples. ** Not measurement.
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Table 2 Spore density of arbuscular mycorrhiza in soils before planting and after harvesting.

Sampling periods Spore density (spore g*) Infection rate (%)

Before planting 5.84* 100.0

After harvesting

FP 3.06 -
SF 5.36 -
SF+SB 3.77 -
SF+VG 4.83 100.0 a
SF+VG+AMF 575 96.7 ab
SF+SB+VG 6.41 93.3 ab
SF+SB+VG+AMF 6.24 87.5b
CV (%) 55.83 19.56

Remarks: FP = Farmer practice (15-15-15, 46-0-0); SF = Soil test-based fertilizer application (30-5-10);
SB = Soybean; VG = Vetiver grass; AMF = Mycorrhiza biofertilizer.
* The average from 5 samples. ** Treatment does not grow vetiver grass.

In a column, a common letter is not significant different at the 0.05 level by DMRT.
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(Oehl et al., 2008) Fanvagulaindetnmerivanarslupeslsnilamyierenaiviuivalosiufu

wazanasnegNiusIesUanastuneslsyviosdula

Table 3 Accession number of arbuscular mycorrhiza from soils before planting and after

harvesting.
Sampling  Ordinal Accession
Species of arbuscular mycorrhiza Identity (%)
periods number number
Before 1 Dentiscutata cerradensis 99% EU020084.1
planting 2 Dentiscutata cerradensis 100% MF196927.1
After 1 Gigaspora margarita 100% KY634243.1
harvesting 2 Glomus leptotichum 99% AB047308.1
3 Acaulospora spinosa 99% MF196929.1
4 Dentiscutata cerradensis 99% EU020084.1
5 Acaulospora longula 99% KY554749.1

50 pm.

Figure 1 Morphology of Dentiscutata cerradensis before planting.
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:\ O “\
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Figure 2 Morphology of arbuscular mycorrhiza after harvesting such as (a) Gigaspora margarita

e

(b) Glomus leptotichum (c) Acaulospora spinose

(d) Dentiscutata cerradensis (e) Acaulospora longula.
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Without arbuscular mycorrhiza fertilizer

Figure 3 Increase and distribution of vetiver grass fibrous root (a) with and (b) without arbuscular

mycorrhiza biofertilizer.

Figure 4 Distribution of vetiver grass fibrous rootfor each treatment.
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1lvaunle 49 Wasigus

Table 4 Runoff and soil loss from land use.

Runoff Soil loss
Treatments
m? rai’! kg rai!
FP 40.8 c 1225 e
SF 40.4 c 1218 e
SF+SB 39.2 c 115.7 d
SF+VG 29.2b 103.6 c
SF+VG+AMF 28.1Db 916 b
SF+SB+VG 25.6 b 78.0 a
SF+SB+VG+AMF 20.8 a 74.4 a
CV (%) 24.9 191

Remarks: FP = Farmer practice (15-15-15, 46-0-0); SF = Soil test-based fertilizer application (30-5-10);
SB = Soybean; VG = Vetiver grass; AMF = Mycorrhiza biofertilizer,

In a column, a common letter is not significant different at the 0.05 level by DMRT.
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Table 5 Reduction of runoff and soil loss as compared to farmer practice.

Reduction (%)

Treatments
Runoff Soil loss

FP - -

SF 99 99
SF+SB 96 94
SF+VG 72 85
SF+VG+AMF 69 75
SF+SB+VG 63 64
SF+SB+VG+AMF 51 61

Remarks: FP = Farmer practice (15-15-15, 46-0-0); SF = Soil test-based fertilizer application (30-5-10);
SB = Soybean; VG = Vetiver grass; AMF = Mycorrhiza biofertilizer.

910 Table 6 ua Figure 6 wanIAIIEINUSTRSIWIWEUDS Twiinuevess g urnfuy3ana
ihlvatuasayneuiu WudﬂﬁwﬁfﬂLLﬁwaqsmmﬁ'}LLNﬂLﬁwﬁu dhuninnzneu LLazU‘%mmﬂfﬂﬁquﬁsaaﬂ
nituflazanas (r = -0.74, 0.85) LULAEAUTIUIUAUBSIIETIUIULIN LTI AUATUNITIAT Y REY RN
147 FathwanUSinumznauiuuastiigapdeaenaniudlle (= 0.64, -0.81) 9nuansmnaes il
Morivanarsluneslsvlidiutisannisgyideninfu aennaesiuanide Wright and Upadhyaya
(1998) 31891117 glomalin uazidulesiuensniiwvessianivagaisluneslsmidvdnasennnuuiuse
pmuvasdauiwiliserstagaifluneslsmivnumdidydonistdesiunmsnsouveshuldduegied
Wuiieafu Rillig et al. (2002) wuinilerdulousninniivessionivagarsluaeslseniinigiady
unsnszaneldlufueswanysaluds axdiaumnuiuveadleldunis 50 wWedudvoudules
somualuiu fdfudulouensniivresmenidagardlueeslinisvisuaioulassinerendulvuin

Tngvimihilunswensuniavesiuliinnssiudmidudefunasiliinlasasefuiulusg

Table 6 Correlation matrix (r) between spore density, runoff, soil loss and root dry weight.

Spore density Runoff Soil loss Root dry weight
Spore density 1 - - -
Runoff -0.76 * 1 - -
Soil loss -0.81% 0.93** 1 -
Root dry weight 0.64* -0.85 * -0.74% 1

Remarks: **P <0.01, *P<0.05 (n = 4).
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Projection of the variables on the factor-plane { 1x 2)
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Figure 6 Correlation of principal component analysis of spores, runoff, soil loss and root dry
weight.
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Table 7 Average of nutrients in sediment loss and economic value from land use.

N loss P loss K loss Economic value (baht rai™*)!
Treatments

(-mmmmmmeee ¢ rai*tcrop - ) N P K Total
FP 130.6 f 1.57 f 6.42 f 3.41 0.07 0.18 3.66
SF 112.7 de 1.35 de 6.17 f 2.94 0.06 0.18 3.18
SF+SB 116.2 d 1.39 e 5.26 e 3.03 0.06 0.15 3.24
SF+VG 100.1 ce 1.20 cd 3.09d 2.61 0.05 0.09 2.75
SF+VG+AMF 87.4 bc 1.05 bc 2.68 c 2.28 0.05 0.08 2.40
SF+SB+VG 740 b 089 b 230 b 1.93 0.04 0.07 2.04
SF+SB+VG+AMF 51.1 a 0.61 a 1.94 a 1.33 0.03 0.06 1.42

CV (%) 27.81 45.6 31.68 - - - -

Remarks: FP = Farmer practice (15-15-15, 46-0-0); SF = Soil test-based fertilizer application (30-5-10);
SB = Soybean; VG = Vetiver grass; AMF = Mycorrhiza biofertilizer.

In a column, a common letter is not significant different at the 0.05 level by DMRT.

1 Urea (46-0-0) 600 baht per 50 kg bags, DAP (18-46-0) 1,035 baht per 50 kg bags, KCl (0-0-60) 860 baht per 50 kg bags
(Office of Agricultural Economics, 2016).

Table 8 Reduction of nutrients loss as compared to farmer practice.

Reduction of nutrients loss (%)

Treatments
Nitrogen Phosphorus Potassium

FP - - -

SF 86 86 96
SF+SB 89 89 82
SF+VG 77 76 a8
SF+VG+AMF 67 67 a2
SF+SB+VG 57 57 36
SF+SB+VG+AMF 39 39 30

Remarks: FP = Farmer practice (15-15-15, 46-0-0); SF = Soil test-based fertilizer application (30-5-10);
SB = Soybean; VG = Vetiver grass; AMF = Mycorrhiza biofertilizer.

4. NaNARYRITINALALNER
Table 9 LAAILNNTNLIAIVIDIAUTENDUNANAATNITLAUAIUTUADULAULALY WUIIUNTIUATT 6
way 7 Suminvesnandn UsznaumeuintinuassinUanilden wWien 99 waviuan Aseeuanudu1s
e 1 ~

Wesidualiangafian nssuisnlddedng 30-5-10 Alansu N-P,0s-K,0 sals saufiunsugniamiesuas

weuln fen 633 103 75 wag 615 Alansusials auddu waznssudsninisladednsn 30-5-10 Alansy
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Table 9 Number and dry weight of yield components.

Yield components

Dry weight
Treatments Ear number
Dehusk ear Husk Cob Grain*
(pod rai) ( kg rai )

FP 415 b 309 e 53d 48 c 277 e
SF 830 a 441 d 68 cd 64 bc 411 d
SF+SB 830 a 523 ¢ 89 abc 71b 480 cd
SF+VG 830 a 501 c 85 bc 68 b 462 cd
SF+VG+AMF 1007 a 601 b 92 abc 75 ab 540 bc
SF+SB+VG 1126 a 633 ab 103 ab 75 ab 615 ab
SF+SB+VG+AMF 1185 a 668 a 117 a 89 a 672 a
CV (%) 32.25 21.38 26.83 18.02 24.37

Remarks FP = Farmer practice (15-15-15, 46-0-0); SF = Soil test-based fertilizer application (30-5-10);
SB = Soybean; VG = Vetiver grass; AMF = Mycorrhiza biofertilizer. *at 15 % moisture

In a column, a common letter is not significant different at the 0.05 level by DMRT.

Y 2-3 (W.f. 2561-2562)
1.

¥
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Table 10 General characteristics of soils before planting and after harvesting.

Topsoils (0-20 cm)

Subsoils (20-50 cm)

Year pH TotalN  Avail. P Exch. K Texture | pH Total N Avail. P Exch. K Texture
Treatments (g kg™ (@— mg kgl - ) (g kg™ (@— mg kgt - )

2 (2018) Before planting® 5.9 1.17 32.17 32.78 Loam | 55 0.75 18.47 23.84 Silt loam
After harvesting
SF 6.01 1.70 40.38 25.54 - 6.03 1.17 37.36 19.28 -
SF+GB 5.54 1.34 43.92 30.41 - 572 1.24 35.76 20.27 -
SF+VG 591 1.30 37.16 25.02 - 592 1.24 35.94 18.56 -
SF+VG+AMF 6.13 1.33 35.03 20.26 3 6.02 1.28 35.59 17.57 -
SF+GB+VG 5.83 1.27 44.94 31.32 - 6.00 1.27 36.07 25.40 -
SF+GB+VG+AMF  5.62 1.28 39.22 33.19 - 569  0.96 34.54 19.09 -

3(2019) Before planting® 6.4 1.25 4.02 73.5 Loam | 7.2 0.85 14 a2.5 Silt loam
After harvesting
SF 5.41 1.45 7.46 41.19 - 5.79 1.36 2.59 59.56 -
SF+GB 5.27 1.38 5.59 53.56 - 5.46 1.29 2.37 55.47 -
SF+VG 6.08 1.40 3.64 45.97 - 5.92 1.73 3.01 51.73 -
SF+VG+AMF 6.11 1.43 4.89 35.66 - 6.48 1.40 4.09 42.41 -
SF+GB+VG 5.60 1.27 4.84 41.33 - 6.21 1.43 3.95 34.60 -
SF+GB+VG+AMF  5.50 1.72 4.48 46.14 - 6.08 1.43 5.29 32.46 -

Remarks: SF = Soil test-based fertilizer application (20-5-10); GB = Green bean; VG = Vetiver grass;

* The average from 5 samples. ** Not measurement.
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Table 11 Spore density of arbuscular mycorrhiza in soils before planting and after

harvesting.

Year 2 (2018) Year 3 (2019)

Sampling periods
Spore density (spore g™

Before planting 1.3 -

SF - 4.04
SF+GB - 0.68
SF+VG - 4.49
SF+VG+AMF - 5.24
SF+GB+VG - 4.87
SF+GB+VG+AMF 7 2.94

After harvesting

SF -*
SF+GB -
SF+VG a.76 2.53
SF+VG+AMF 4.90 3.08
SF+GB+VG 4.57 2.96
SF+GB+VG+AMF 5.47 4.47

Remarks: SF = Soil test-based fertilizer application (20-5-10); GB = Green bean; VG = Vetiver grass; AMF =
Mycorrhiza biofertilizer.

* Not measurement.
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Table 12 Accession number of arbuscular mycorrhiza from soils before planting and after

harvesting.
Sampling Ordinal Species of arbuscular Accession
Identity (%)
periods number mycorrhiza number
1 Dentiscutata cerradensis 100% MF196927.1
Before planting
2 Acaulospora mellea 99% MF196923.1
3 Dentiscutata savannicola 78% HE962472.1
After 1 Dentiscutata cerradensis 100% MF196927.1
harvesting 2 Dentiscutata cerradensis 100% MN784718.1
3 Acaulospora colombiana 99.77% KF412636.1
a4 Dentiscutata savannicola 100% MN726670.1

@) (b) (c)

Figure 7 Morphology of arbuscular mycorrhiza before planting such as

(a) Dentiscutata cerradensis (b) Acaulospora mellea (c) Dentiscutata savannicola.

(a)

(b) (c) o

Ey T

Figure 8 Morphology of arbuscular mycorrhiza after harvesting such as (a) Dentiscutata

cerradensis (b) Acaulospora colombiana (c) Dentiscutata savannicola.

L= a

3. nMssyAulnvamunuasnsgeyHevaInENaUn

U v

91NNFFULAUAIBE N N NUAaZNIIUITUIANBINITLaT Y AUTALAZ NN TZ18AIVOITIN

1+

v TnousnifusednsilduarliléadeTinmenstagansluneslssnain Figure 9 azifiulsin
msw%m@ﬂmawzﬂwLLNﬂﬁi%’LLazlﬁi%’ﬂsj%amwﬁmmmiﬂélﬁsmﬁ’umﬁ]Lﬁaqmmﬂﬁ']m%ﬂ’a@mﬂm—
ﬂaﬁsmﬁaq?{ummsmhEJLﬁumim%fg@ﬂmaﬁmwﬁwLLNﬂlﬁLsﬁuLﬁmﬁ’uswm%ﬁa@mﬂmaﬂim
Tuledanm wilunssudsadinsléetanmen flanansluneslsssiudetiu snuausvesmdudn

wiN13nTEeMmAnIINTINIsNllddedinm Falvinauiediunsnaassiivuasansniunaiuning

20


https://www.ncbi.nlm.nih.gov/nucleotide/MN784718.1?report=genbank&log$=nuclalign&blast_rank=1&RID=MYPZX84X014
https://www.ncbi.nlm.nih.gov/nucleotide/KF412636.1?report=genbank&log$=nuclalign&blast_rank=2&RID=N0TCT3C1016
https://www.ncbi.nlm.nih.gov/nucleotide/MN726670.1?report=genbank&log$=nuclalign&blast_rank=1&RID=N0UJ9HXD016

with arbuscular mycorrhiza biofertilizer without arbuscular mvcorrhizabiofertilizer

Figure 9 Increase and distribution of vetiver grass fibrous root (a) with and (b) without

arbuscular mycorrhiza biofertilizer.
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Table 13 Runoff and soil loss from land use.

Year 2 (2018) Year 3 (2019)
Treatments Runoff Soil loss Runoff Soil loss
m? rai’! kg rai’! m?> rai’! kg rai’!

SF 40.29 0.129 39.42 a 0.202 a
SF+GB 44.48 0.140 3559 b 0.167 ab
SF+VG 42.93 0.096 38.79 ab 0.13 ab
SF+VG+AMF 36.91 0.059 38.52 ab 0.104 ab
SF+GB+VG 38.39 0.134 36.57 ab 0.18 ab
SF+GB+VG+AMF 43.80 0.090 36.99 ab 0.067 b
CV (%) 24.26 55.12 4.63 3.20

Remarks: SF = Soil test-based fertilizer application (20-5-10); GB = Green bean; VG = Vetiver grass; AMF =
Mycorrhiza biofertilizer.

In a column, a common letter is not significant different at the 0.05 level by DMRT.

Table 14 Reduction of runoff and soil loss as compared to farmer practice within 2 years.

Reduction (%)

Treatments
Runoff Soil loss

SF - -

SF+GB 90 82
SF+VG 98 64
SF+VG+AMF 98 51
SF+GB+VG 93 89
SF+GB+VG+AMF 94 33

Remarks: SF = Soil test-based fertilizer application (20-5-10); GB = Green bean; VG = Vetiver grass; AMF =
Mycorrhiza biofertilizer.
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sandniupznaudu uandly Table 15 wuinssuIsniinisladesnsn 20-5-10 Alansu N-P,Os-K,0
selstiuiunisugnuaudniiinislddedinmersvanarslumesisungyidesiglulasiau veanesa

waglnunadenluiunznoudfian dan 0.083 0.017 uay 0.005 n3umsls auasu Wemwandu

22



YaAIMIuATEERaNad wudiAldinewdeigydsludmsudenagdeeenluaniuniicdesiag

3 LTRE q

o 2.58 umsals Tuvaeinssudsnladednsn 20-5-10 Alansu N-P,0s-K,0 salsiiiesagnafeail

= 1

n1sgetdesIneImsaign Jsnsgadeaildanslunisdedegenuluaie 90 Table 16 uans

<
[

WediuinsgadusinenseenlunniuiIeuieuiuiiildlonuaiinszituissegnaion
Wudmﬁm‘iﬁﬁﬁmﬂdﬂﬂé’mﬁ 20-5-10 Alan5yu N-P,0s-K,O Giali'i'mﬁumiﬂqﬂmﬁwLLNﬂﬁﬁmﬂ%’ﬂa
Fanwerstagansluneslser Diesiduinsgydusinemsiesiigaieifisuiuisiladosnm
20-5-10 Ailansu N-P,0s-K,0 sialsifiesagnnien dinsaayidusinlulasau weanesa waglnunadey
A1 44 64 way 54 WasiHud auaRy saqaqmﬁaﬂﬁﬁ%ﬁldﬂaé’mw 20-5-10 Alansu N-P,0:-K,0
selssrufunsugniandeazmgudnifinslidetanmenivanarsluneslsen osanmgudnd

duhgannsayideAularsgomisia (National Research Council, 1993)

Table 15 Average of nutrients in sediment loss and economic value from land use within 2 years.

N loss P loss K loss Economic value (baht rai™)*
Treatments
O g rai''crop - ) N P K Total
SF 0.186 0.026 0.010 4.10 099 0.24 5.33
SF+SB 0.175 0.026 0.010 385 098 0.24 5.07
SF+VG 0.132 0.025 0.008 290 095 021 4.06
SF+VG+AMF 0.083 0.017 0.005 1.82 063 0.13 2.58
SF+SB+VG 0.124 0.020 0.010 273 074 024 371
SF+SB+VG+AMF 0.127 0.017 0.009 280 0.63 022 3.65
P-value ns ns ns - - - -
CV (%) 60.38 62.60 57.89 - - - -

Remarks: SF = Soil test-based fertilizer application (20-5-10); GB = Green bean; VG = Vetiver grass; AMF =
Mycorrhiza biofertilizer.

In a column, a common letter is not significant different at the 0.05 level by DMRT.

! Urea (46-0-0) 600 baht per 50 kg bags, DAP (18-46-0) 1,035 baht per 50 kg bags, KCl (0-0-60) 860 baht per 50 kg

bags (Office of Agricultural Economics, 2020).
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Table 16 Reduction of nutrients loss as compared to soil test-based fertilizer application.

Reduction of nutrients loss (%)

Treatments
Nitrogen Phosphorus Potassium
SF - - -
SF+SB 94 99 98
SF+VG 71 96 87
SF+VG+AMF aq 64 54
SF+SB+VG 66 75 98
SF+SB+VG+AMF 68 63 90

Remarks: SF = Soil test-based fertilizer application (20-5-10); GB = Green bean; VG = Vetiver grass; AMF =

Mycorrhiza biofertilizer.
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Table 17 Number and dry weight of yield components.

Year 2 (2018) Year 3 (2019)
Dry weight Dry weight
Ear 100- % Grain Ear 100- % Grain
Treatments number Dehusk Husk Cob  Grain* grain shelling  moisture | number Dehusk Husk Cob  Grain*  grain shelling moisture
ear ear
weight weight
1 1 S % ——— ) 1 1
(pod rai®) ( kg rai ) g (podrai™)  (---mmmmmmmmmmeee- kg rai™ --------eeemm ) g (- % -------- )
SF 1989 167 16 124 642 23.1 83.9 bc 20.9 2500 125ab  2dab  73bc 330b 16.7 a 81.8 12.5
SF+SB 1889 119 13 97 485 214 833 ¢ 20.5 2267 95 b 18 b 68 C 291b 159ab 81.0 14.3
SF+VG 1944 170 15 132 701 22.9 84.2 ab 21.2 2067 119ab 24ab 100ab 508a 146 b 83.0 12.7
SF+VG+AMF 1600 131 13 120 654 23.6 84.4 ab 21.3 2511 134 ab 28 a 112a 516 a 16.5 a 82.1 12.5
SF+SB+VG 2011 154 15 129 707 22.7 84.6 ab 19.9 2444 132 ab 27 a 114a 499a 16.2ab 81.4 13.1
SF+SB+VG+AMF 1789 152 15 130 728 22.6 84.9 a 20.8 2589 153 a 30 a 110a 520a 16.0ab 82.4 12.6
P-values ns ns ns ns ns ns * ns ns * * * * * ns ns
CV (%) 20.37 2480 23.84 26.06 26.49 8.30 0.81 7.46 17.70 23.99 23.62 2595  30.79 6.86 1.93 11.85

Remarks: SF = Soil test-based fertilizer application (20-5-10); GB = Green bean; VG = Vetiver grass; AMF = Mycorrhiza biofertilizer.
*at 15 % moisture

In a column, a common letter is not significant different at the 0.05 level by DMRT.
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