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Abstract—To study the effect of organic and inorganic-P
fertilizer applications on nitrogen fixation and yield of 3
mungbean varieties in the central of Thailand fields study
were conducted. Three mungbean varieties as Maejo 3
(MJU 3), Khampangsan 2 variety (KPS 2) and Chainat 72
variety (CN 72) as subset experiments were designed in
randomized in a Complete Block Design (RCBD) with four
replications. Five treatments were laid out: 1) control (no
fertilizers); 2) Triple Superphosphate (TSP) 125kg/ha (TSP
Low rate); 3) TPS 250kg/ha (TSP High rate); 4) TSP Low
rate with Organic Fertilizer (OF) 6.25ton/ha and 5) TSP
High rate with OF 6.25ton/ha. The highest percentage of
nitrogen derived from the atmosphere (%6Ndfa), amount of
nitrogen fixed, and yield were reported at 57.3%, 70kg N/ha
and 1,138kg/ha, respectively in MJU 3 variety. TSP low rate
(125kg/ha) with Organic Fertilizer (OF) 6.25ton/ha
presented the high of shoot dry weight, total N, %Ndfa,
amount of nitrogen fixed and yield in all varieties. In
conclusion, we recommend MJU 3 variety as the best by
applying TSP low rate combined with OF to increase
nitrogen fixation and yield of mungbean.

Index Terms—organic fertilizer,
nitrogen fixation, mungbean, yield

inorganic-P  fertilizer,

I. INTRODUCTION

Mungbean planted areas in central Thailand slightly
declined from 138 to 128 thousand hectares in 2018 and
the output was slowing down from 109 to 92 thousand
tons during 2015-2016 [1]. The average yield also
declined from 788 to 719 kg/ha. The domestic production
was therefore far below the domestic feed and mungbean
glass noodle industry demand. The total amount of import
was recorded from 20 to 26 thousand tons in 2018.
Consideration of farmers might be changed for many
reasons such as high income with chemical fertilizer and
seed production, lowing in price and lacking knowledge
of mungbean production. Moreover, other countries
including Myanmar, Republic of China, Australia and
Pakistan could provide higher yield than Thailand.
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Whereas the soil fertility of mungbean production areas
have many effects on their production. The imbalance of
nutrient available forms is always found in the central
part of Thailand. In Saraburi province, soil chemical
properties are detected with high in soil pH, lack of
macro and micro elements and low organic matter
content [2]. Farmers get used to applying chemical
fertilizers intensively for maximizing the mungbean yield
and that may be the cause of unsustainable systems and
lack of rhizobium inoculation.

Producing high yield and quality of seed need to have
good soil quality. The optimum of nitrogen and
phosphorus available is important to plant growth [3].
Hussain et al. [4] reported that high levels of available
phosphorus in soil could increase yield when comparing
with organic matter application. More confirmed this
theory, Satyanarayana et al. [5] found that rice yield and
yield quality mostly increased with the application of
both organic and inorganic fertilizers in India. Generally,
mungbean could fix N from atmosphere ranging from 6
to 112kg/ha [6], [7], conceding the legume plant to meet
up to 75% of its N requirements from biological N
fixation [6]. Nonetheless, a few research in Thailand has
focused on the combined effects of organic and inorganic
fertilizer on mungbean plantation. The ambition of this
study was to meditate the effects of inorganic-P and
organic fertilizer combining with rhizobium inoculation
on mungbean yield and quality. We hypothesized that
plant dry matter, yield and N fixation in mungbean were
varied by rate of phosphate fertilizer and organic matter
content in soil property.

Il. MATERIALS AND METHODS

A. Experimental Design

The experiment was conducted at Prince Chakrabandh
Pensiri Center for Plant Development Saraburi Province.
The subset of experiment was separated by three
mungbean varieties as Maejo 3 (MJU 3), Khampangsan 2
variety (KPS 2) and Chainat 72 variety (CN 72). All
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subset experiments were designed in randomized in a
Complete Block Design (RCBD) with four replications
and five treatments as follows: 1) control (no fertilizers),
2) Triple Superphosphate (TSP) at the low rate
(125kg/ha), 3) TSP at the high rate (250kg/ha), 4) TSP at
low rate plus Organic Fertilizer (OF) (6.25ton/ha) and 5)
TSP at the high rate plus OF (6.25ton/ha). Seeds were
inoculated with suitable native rhizobia inoculant
Bradyrhizobium elkanii (SB2) [8]. SB2 inoculant was
prepared as maximum number in excess of 108 CFU/g for
peat-moss sterile carrier-based. Thereafter, 200g
inoculants were mixed with 31kg/ha of mungbean seeds.
Mungbean plant was grown in a 6>6 m-plot with 25>60
cm plant spacing. Sprinkler irrigation technique was
applied during mungbean cultivation. The organic
fertilizer was analyzed and calculated as: 1.83%N,
0.54%P, 0.61%K, 2.37%Ca and 1.25%Mg.

B. Sampling

Plant biomass and root bleeding sap were collected (10
plants/sample) to estimate the nitrogen fixation, nitrogen
content and dry weights at the R3.5 (beginning seed) [9].
All plant samples were oven-dried at 65<€ for 48 hours
and ground. The nitrogen content in the shoot was also
determined by Kjedahl method. Ureide technique was
used to estimate the nitrogen fixation. The relative ureide
index (%RUI) was calculated from the molar
concentration of ureide [10], amino [11] and nitrate [12]
using the following equation.

%RUI = (4 < ureide + amino + nitrate) < 100 @
4 x ureide

The percentage of nitrogen derived from the
atmosphere (%Ndfa) was estimated from %RUI using the
following equations [13]:

%Ndfa = 1.33 (%RUI - 11.47) ®)

The total N accumulation or shoot N uptake was
calculated by:

Dry matter (g) > (%N) /100 3)

The amount of nitrogen fixed by mungbean was
estimated from:

Total N accumulation = %Ndfa < 1.5* (@)

*1.5 is a factor that is estimated for contribution by
below-ground N [14].

C. Statistical Analysis

Data were analyzed for statistical significance using
the Statistix 10 software analysis of variance (ANOVA),
mean separation, and the Least Significant Difference
(LSD) test at the significance level of P<0.05.

Il. RESULTS

According to Table I, the shoot dry weight of MJU 3
variety was indicated at R3.5 stage. It was found that
application of TSP high rate + OF caused the highest
shoot dry weight at 10.7 g/plant (P<0.05). The lowest
shoot dry weight was found by control treatment.

©2021 Journal of Advanced Agricultural Technologies

However, the total nitrogen was not significantly
different among treatments.

Moreover, combining TSP both in high and low rate
with organic fertilizer increased the %Ndfa. TSP high
rate + OF had the effect of %Ndfa and nitrogen fixation
higher than the other treatments at 60.2% and 83kg N/ha,
respectively (P<0.05). The maximum mungbean yield
was resulted by application of triple superphosphate low
rate combined with an organic fertilizer at 1,194kg/ha but
no significant differences with other TSP rates. However,
the control treatment produced the minimum yield at
931kg/ha (P<0.05) (Table II).

TABLE I.  EFFECT OF FERTILIZERS APPLICATION ON SHOOT DRY
WEIGHT (SDW) AND TOTAL N OF MJU 3 VARIETY
Treatment SDW Total N
(g/plant) (%)
Control 9.0 3.43
TSP Low rate 9.20c 3.49
TSP High rate 9.7° 3.54
TSP Low rate + OF 9.6t 3.52
TSP High rate + OF 10.7- 3.58
Grand Mean 9.7 351
CV (%) 14.51 12.41
F-test * ns

Note: Value in the same column followed by different letters were
significantly different by LSD, *=0.05.

TABLE Il. EFFECT OF FERTILIZERS APPLICATION ON %NDFA,
AMOUNT OF NITROGEN FIXED AND YIELD OF MJU 3 VARIETY
Amount_of Yield
Treatment %Ndfa nitrogen fixed (kg/ha)
(kg N/ha)
Control 53.0° 59¢ 931e
TSP Low rate 56.8 66° 1,125-
TSP High rate 57.0° 710 1,213:
TSP Low rate + OF 59.6 73 1,219:
TSP High rate + OF 60.22 83: 1,194-
Grand Mean 57.3 70 1,138
CV (%) 10.58 4.96 7.82
F-test * * *

Note: Value in the same column followed by different letters were
significantly different by LSD, *=0.05.

Mungbean KPS 2 variety, the highest shoot dry weight
was resulted by application of TSP high and low rate +
OF at 9.2g/plant but not significant with only application
TSP high rate (Table I11). Moreover, TSP high rate + OF
usually demonstrated the highest total nitrogen and
amount of nitrogen fixed at 3.47% and 55kg N/ha (P<
0.05), respectively.

The percentage of nitrogen derived from the
atmosphere was increased by triple superphosphate
addition. The TSP high-rate treatment showed the highest
of %Ndfa at 48.3 but not significantly different with TSP
high rate + OF treatment (48.2%) and TSP low rate + OF
(47.0%). The lowest amount of nitrogen fixation of KPS
2 was found in control treatment at 47kg N/ha but did not
significantly different with TSP low rate without OF at
49kg N/ha (P<0.05). TSP low rate with organic fertilizer
gave the largest grains yield at 1,100kg/ha, but not
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significantly different compared to TSP low rate (Table
IV). Similarly, as acted in MJU 3 variety, the control
treatment detected the lowest value of yield at 775kg/ha
However, an additional TPS high rate had no higher
effect on the yield of KPS 2 variety (P<0.05).

was examined only in MJU 3 variety. The explanation for
the usage of inorganic and organic fertilizers is due to the
cost benefit analysis (Table VII), which is provided the
optimum as a low rate of TSP (125kg/ha) combined with
organic fertilizer (6.25ton/ha). It can calculate that the
highest yield with a good profit (7,585 Thai baht/ha) was

TABLE Ill. EFFECT OF FERTILIZERS APPLICATION ON SHOOT DRY earned by TSP low rate + OF. App"cation TSP h|gh rate
WEIGHT (SDW) AND TOTAL N OF KPS 2 VARIETY (250kg/ha) gave the highest profit cost (8,190 Thai
SDwW Total N baht/ha) with 4,500 Thai baht of total fertilizer cost, but it
Treatment (g/plant) (%) | - o SU
9’p may cause the long term side effect of soil fertility in
b d - age
Control 8.9 .17 mungbean production areas. At present, the TSP fertilizer
TSP Low rate 8.9 3.31 is not available in Thailand then to increase phosphorus
TSP High rate 9.1» 3.35% content in soil instead by organic P (compost, manure,
TSP Low rate + OF 9.2: 3.44% biofertilizer, etc.) or inorganic fertilizer as other formulas.
TSP High rate + OF 9.22 3.47-
TABLE V. EFFECT OF FERTILIZERS APPLICATION ON SHOOT DRY
Grand Mean 9.0 3.35 WEIGHT (SDW) AND TOTAL N OF CN 72 VARIETY
CV (%) 731 3.21 SDW Total N
F-test * * Treatment (g/plant) (%)
Note: Value in the same column followed by different letters were Control 8.9 312
significantly different by LSD, *=0.05. TSP Low rate 9.0ee 3.25
TSP High rate 9.1 3.44
TABLE IV. EFFECT OF FERTILIZERS APPLICATION ON %NDFA, TSP Low rate + OF 9.3 337
AMOUNT OF NITROGEN FIXED AND YIELD OF KPS 2 VARIETY - - :
TSP High rate + OF 9.6 3.46
Amount of -
Treatment %Ndfa nitrogen fixed (:'7:]2) Grand Mean 92 333
(kg N/ha) g CV (%) 8.52 531
Control 45.70 470 775¢ F-test * ns
TSP Low rate 46.00 49 1,050 Note: Value in the same column followed by different letters were
- significantly different by LSD, *=0.05.
TSP High rate 48.3 520 981v
TSP Low rate + OF 47.0® 53» 1,100- TABLE VI. EFFECT OF FERTILIZERS APPLICATION ON %NDFA,
TSP High rate + OF 180 55 9azn AMOUNT OF NITROGEN FIXED AND YIELD OF CN 72 VARIETY
Amount of .
Grand Mean 41.0 51 969 Treatment %Ndfa nitrogen fixed :'Zid
CV (%) 5.32 3.49 8.82 (kg N/ha) (kg/ha)
F-test * * * Control 339 34c 450c
Note: Value in the same column followed by different letters were TSP L(_)W rate 34.4 36bc 6190
significantly different by LSD, *=0.05. TSP High rate 36.5 41ab 775ab
TSP Low rate + OF 36.4 41ab 800a
Dry weight of CN 72 plant biomass shown in Table V. TSP High rate + OF 38.9 46a 706ab
Combining phosphorus fertilizer either low or high rate Grand Mean 36.0 40 669
with organic fertilizer caused a significantly different CV (%) 9.26 11.34 11.06
shoot dry weight with other treatment that lacked organic F-test ns * *

fertilizer. The total nitrogen and %Ndfa were not
significant differences among treatments. However, the
highest of both parameters were presented by TSP high
rate + OF at 3.46% and 38.9%, respectively. TSP high
rate + OF treatment gave more amount of nitrogen fixed
than other treatments at 46kg N/ha but did not differ
significantly with TSP low rate + OF and only TSP high
rate addition (P<0.05).

The vyields of mungbean CN 72 variety were
significantly different among treatments. Application
TSP low rate with organic fertilizer led to a higher
mungbean yield when compared with other treatments at
800kg/ha (P<0.05) but did not differ significantly with
TSP high rate + OF and only TSP high rate application.
However, the control treatment also detected the lowest
yield at 450kg/ha (Table VI).

Referring to the best variety of mungbean that caused
the highest yield in this study, the cost benefit analysis
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Note: Value in the same column followed by different letters were
significantly di fferent by LSD, *=0.05.

TABLE VII. COST BENEFIT ANALYSIS OF MAEJO 3 VARIETY

PRODUCTION
Total .
. CF OF fertilizer Benefit Net Profit
Variable | cost | cost cost return
cost
(-mmmmmmmm - Thai Baht/ha------------------------- )
Control - ] ] 41,895 | 41,895 | -
TSP Low rate | 2,250 | - 2250 | 50,625 | 48,375 | 6,480
TSP High rate| 4500 | - 4500 | 54,585 | 50,085 | 8,190
ISOPFLO"”ate 2250 | 3,125 | 5375 | 54,855 | 49,480 | 7,585
ISC';FH'gh €| 4500 | 3,125 | 7,625 | 53,730 | 46,105 | 4,210

CF = Chemical fertilizer, OF = Organic fertilizer
*Benefit cost = Yield > Present price, Net return = Benefit Cost-Total
fertilizer cost, Profit = Price increasing from control
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IVV. DISCUSSION

Shoot dry weight showed an increase by the TSP high
rate + OF but not significantly different compared to TSP
low rate + OF all varieties. These results are similar to the
findings of Suryantini [15] who studied mungbean grown
after soybean planting. The results revealed that plant dry
weight and grain yield were increased by the application
of organic and high levels of phosphorus fertilizer. Total
N in shoot were not significant differences in MJU 3 and
CN 72 varieties but differed significantly in KPS 2. In our
study KPS 2 variety gave the higher percentage of
nitrogen than the reported of Boonked et al. [16] who
found the percentage of nitrogen at 2.40%N at maturity
stage. Moreover, applying TSP high-rate combination
with or without organic fertilizer could enhance nitrogen
uptake in shoot. Similar to the report of Hussain et al.
[17], [18] they found that the maximum nitrogen and
phosphorus uptake in plants varied with the highest dose
of P at 150% recommended. The percentage of nitrogen
derived from the atmosphere (%Ndfa) and amount of
nitrogen fixed in the mungbean were strongly influenced
by mungbean genotypes. In our study MJU 3 gave the
best of %Ndfa and amount of nitrogen fixed compared
with KPS 2 and CN 72. However, KPS 2 recorded
the %Ndfa average at 47.0% this agrees with the report of
Boonked et al. [19]. They reported that the %Ndfa of
KPS 2 ranged from 49.57 to 54.05% (64 days after
planting). Furthermore, the average amount of nitrogen
fixed of CN 72 in this experiment was determined at 39.7
kg N/ha (R3.5 stage). Previous study showed the amount
of nitrogen fixed at 23.9kg N/ha (post-harvest) [20].
Phoomthaisong et al. [21] reported that %Ndfa by °N
isotope dilution method and amount of nitrogen fixed in
six mungbean cultivars ranged from 54% to 62% and 35-
50kg N/ha. In this experiment, the %Ndfa and amount of
nitrogen fixed were enhanced by either only TSP or TSP
combined with organic fertilizer application. The result
liked the view that %Ndfa and amount of nitrogen fixed
depended significantly on phosphorus requirements of
three mungbean cultivars [22].

Mungbean yields, MJU 3, KPS 2 and CN 72 showed
the average at 1,219, 1,100 and 800kg/ha. The result
related with Ngampongsai et al. [23] who reported the
KPS 2 yield at 900-1,106 kg/ha for dry and rainy reasons,
respectively. The overall yield of this experiment was
higher than the result of Verma et al. [24] with
597.3kg/ha. Moreover, Phoomthaisong [25]
recommended applying 37.5kg P,Os/ha with rhizobium
inoculation on mungbean KPS 2 variety could provide
the higher N fixation and yield at east north of Thailand.
The combining organic and phosphate fertilizer increased
the number of seeds per pod [26]. Not only mungbean but
cowpea could respond with triple superphosphate on the
amount of seed per pod, 100-seed weight and yield higher
than single superphosphate and nitrophoska (15-15-15).
Interestingly, the high rate of phosphate fertilizer
provided a high amount of pod per plant, seed per pod,
100-seed weight, and yield [7], [27].
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V. CONCLUSION

In summary, the nitrogen fixation capacity of the
mungbean was enhanced by application of both
phosphorus and organic fertilizer at the central part of
Thailand. The result clearly demonstrated that TSP low
rate plus organic fertilizer provided the highest yield in
all mungbean varieties, especially in MJU 3. More
comprehensive and detailed studies should be carried out
to amend the yield and quality of mungbean under low
phosphorus available and the percentage of organic
matter in the field condition of the middle region,
Thailand.

CONFLICT OF INTEREST

The authors declare no conflict of interest.

AUTHOR CONTRIBUTIONS

C. Dechjiraratthanasiri and J. Inthasan carried out the
experiment. C. Dechjiraratthanasiri wrote the paper with
support from J. Inthasan and C. Santasup. All authors had
approved the final version.

ACKNOWLEDGMENT

This work was supported in part by a grant from Prince
Chakrabandh Pensiri Center for Plant Development,
Saraburi Province.

REFERENCES

[1] Office of Agricultural Economics. (August 2018). Mungbean.
[Online]. Available:
http://www.agriman.doae.go.th/home/news/2563/16-18.pdf

Land Development Department, State of Soil and Land Resources
of Thailand, Bangkok: The Agricultural Co-operative Federation
of Thailand, 2015, p. 304.

X. Yu, X. Liu, T. H. Zhu, G. H. Liu, and C. Mao, “Co-inoculation
with phosphate-solubilizing and nitrogen-fixing bacteria on
solubilization of phosphate rock and their effect on growth
promotion and nutrient uptake by walnut,” European Journal of
Soil Biology, vol. 50, pp. 112-117, May 2012.

N. Hussain, M. B. Khan, and R. Ahmad, “Improving wheat
productivity in calcareous soils through band replacement of
farmyard manure with phosphorus,” International Journal of
Agriculture and Biology, vol. 10, no. 6, pp. 709-714, September
2008.

V. Satyanarayana, P. V. V. Prasad, V. R. K. Murthy, and K. J.
Boote, “Influence of integrated use of farmyard manure and
inorganic fertilizers on yield and yield components of irrigated
lowland rice,” Indian Journal Plant Nutrition, vol. 25, no. 10, pp.
2081-2090, September 2002.

Z. Shah, S. H. Shah, M. B. Peoples, G. D. Schwenke, and D. F.
Herridge, “Crop residue and fertiliser N effects on nitrogen
fixation and yields of legume-cereal rotations and soil organic
fertility,” Field Crop Research, vol. 83, no. 1, pp. 1-11, June 2003.
H. Ali, E. Khan, and M. A. Sajad, “Phytoremediation of heavy
metals-concepts and applications,” Chemosphere, vol. 91, pp. 869-
881, March 2013.

C. Dechjiraratthanasiri, P. Boonmee, J. Inthasan, and C. Santasup,
“Identification and characterization of native rhizobia from three
mungbean varieties,” Malaysian Journal of Microbiology, vol. 17,
no. 2, pp. 121-129, April 2021.

A. Pookpakdi, V. Promkham, and C. Chuangpetchinda, “Growth
stage identification in mungbean (Vigna radiata (L.) Wilczek),”
Agricultural Science Journal, vol. 26, no. 1, pp. 75-80. March
1992.

[2]

31

(4

[5]

(6]

[71

(8]

[°]



Journal of Advanced Agricultural Technologies Vol. 8, No. 2, December 2021

[10] E. G. Young and C. F. Conway, “On the estimation of allantoin by
the Rimini-Schryver reaction,” Journal of Biological Chemistry,
vol. 142, pp. 839-853, November 1942.

[11] D. F. Herridge, “Effects of nitrate and plant development on the
abundance of nitrogenous solutes in root-bleeding and vacuum-
extracted exudates of soybean,” Crop Science, vol. 24, no. 1, pp.
173-179, January 1984.

[12] D. A. Cataldo, M. Haroon, L. E. Schrader, and V. L. Youngs,
“Rapid colorimetric determination of nitrate in plant tissues by
nitration of salicylic acid,” Communications in Soil Science and
Plant Analysis, vol. 6, no. 1, pp. 71-80, 1975.

[13] D. F. Herridge and M. B. Peoples, “Calibrating the xylem-solute
method for nitrogen fixation measurement of ureide-producing
legumes: Cowpea, mungbean and black gram,” Communications
in Soil Science and Plant Analysis., vol. 33, no. 3-4, pp. 425-437,
February 2002.

[14] M. B. Peoples, A. W. Faizah, B. Rekasem, and D. F. Herridge,
Methods for Evaluating Nitrogen Fixation by Nodulated Legumes
in the Field, ACIAR Monograph No.11, 1989, pp. 22-45.

[15] Suryantini, “Effect of phosphorus, organic and biological fertilizer
on yield of mungbean (Vigna radiata) under two cropping
patterns,” Nusantara Bioscience, vol. 8, no. 2, pp. 273-277,
November 2016.

[16] N. Boonkerd, P. Wadisirisuk, S. Siripin, T. Murakami, and S. K. A.

Danso, “Screening with nuclear techniques for yield and N,
fixation in Mungbean in Thailand,” in Improving Yield and
Nitrogen Fixation of Grain Legumes in the Tropics and Sub-
tropics of Asia, IAEA, Vienna, 1998, pp. 77-86.

[17] A. Hussain, A. Ali, and I. R. Noorka, “Effect of phosphorus with
and without rhizobium inoculation on nitrogen and phosphorus
concentration and uptake by mungbean (Vigna radiata L.),”
Journal of Agricultural Research, vol. 50, no. 1, pp. 49-57.
January 2012.

[18] A. Hussain, A. Ali, T. Khalig, A. Ahmad, Z. Aslam, and M. Asif,
“Growth, nodulation and yield components of mung bean (Vigna
radiata) as affected by phosphorus in combination with rhizobium
inoculation,” African Journal of Agricultural Research, vol. 9, no.
30, pp. 2319-2323, July 2014.

[19] N. Boonkerd, P. Wadisirisuk, A. Nantagij, S. Siripin, and T.
Murakami, “Screening with nuclear and other techniques for yield
and N fixation in mungbean,” The Kasetsart Journal, vol. 27, no.
2, pp. 162-176, June 1993.

[20] P. Jaiprasert and K. Satjawattana, “Varietal selection of mungbean
(Vigna radiata) for nitrogen fixation and accumulation in soil.
Naresuan University Journal, vol. 20, no. 1, pp. 9-15, May 2012.

[21] J. Phoomthaisong, B. Toomsan, V. Limpinuntana, G. Cadisch, and
A. Patanothani, “Attributes affecting residual benefits of N,-fixing
mungbean and groundnut cultivars,” Biology Fertility of Soils, vol.
39, no. 1, pp. 16-24, October 2003.

[22] S. F. B. N. Gunawardena, S. K. A. Danso, and F. Zapata,
“Phosphorus requirements and nitrogen accumulation by three
mungbean (Vigna radiata (L) Welzek) cultivars,” Plant and Soil,
vol. 147, no. 2, pp. 267-274, December 1992.

[23] S. Ngampongsai, et al., “Researches on mungbean breeding of
Department of Agriculture during 2006-2010,” Khon Kaen
Agriculture Journal, vol. 39, suppl. 3, pp. 291-301, August 2011.

[24] S. K. Verma, S. K. Prasad, S. B. Singh, Y. V. Singh, R. P. Singh,
and S. Bahadur, “Influence of mulching and weed management
practices on weeds and nutrient uptake in Greengram (Vigna
rediata L.) under eight year old custard apple plantation,”

International Journal of Bio-resource and Stress Management, vol.

8, no. 2, pp. 191-195. April 2017.

[25] J. Phoomthaisong, “Research and development on technology for
increasing yield and quality of Mungbean,” Final report,
Department of Agriculture, Thailand, p. 64, 2018.

[26] M. Aslam, N. Hussain, M. Zubair, S. B. Hussain, and M. S.
Baloch, “Integration of organic and inorganic sources of
phosphorus for increased productivity of mungbean (Vigna
radiata L.),” Pakistan Journal of Agricultural Sciences, vol. 47,
no. 2, pp. 111-114, January 2010.

[27] M. A. Malik, S. Hussain, E. A. Warraich, A. Habib, and S. Ullah,
“Effect of seed inoculation and phosphorus application on growth,
seed yield and quality of Mungbean (Vigna radiata L.) CV. NM-
98,” International Journal of Agriculture and Biology, vol. 4, no.
4, pp. 515-516, 2002.

©2021 Journal of Advanced Agricultural Technologies

Copyright © 2021 by the authors. This is an open access article
distributed under the Creative Commons Attribution License (CC BY-
NC-ND 4.0), which permits use, distribution and reproduction in any
medium, provided that the article is properly cited, the use is non-
commercial and no modifications or adaptations are made.

Chatprawee Dechjiraratthanasiri was born
in Sing Buri, Thailand in 1988. She ended up
her Bachelor of Science (soil science) at
division of Soil Resources and Environment,
Faculty of Agricultural Production, Maejo
University, Chiang Mai, Thailand in 2011. Her
master’s degree (soil science) was also done at
division of Soil Resources and Environment,
1 Faculty of Agricultural Production, Maejo
kA_ University, Chiang Mai, Thailand in 2013.

She is a Ph.D. student at Chiang Mai University, Chiang Mai, Thailand,
and a researcher under Prince Chakrabandh Pensiri Center for Plant
Development in Saraburi province project at Division of Soil Resources
and Environment, Faculty of Agricultural Production, Maejo University,
Chiang Mai, Thailand. Her research works focus on usage of bio-
inoculants and nitrogen fixation of legumes such as mungbean and
soybean. The previous and current publications are shown as follows: J.
Inthasan, C. Dechjiraratthanasiri, and P. Boonmee, “Effect of bacteria-
producing Indole-3-Acetic Acid (IAA) on growth and nutrient contents
of Bird Chili (Capsicum annuum L.),” Journal of Agriculture, vol. 33,
no. 3, pp. 333-344, September 2017; J. Inthasan and C.
Dechjiraratthanasiri, “Effect of triple superphosphate (TSP) and organic
fertilizer application on soil chemical properties of mung bean (Vigna
radiate (L.) R. Wilczek) Kamphaeng Sean 2 variety production,”
Songklanakarin Journal of Plant Science, vol. 5, no. 2, pp. 62-68, April
2018; and C. Dechjiraratthanasiri, and P. Boonmee, J. Inthasan, and C.
Santasup, “Identification and characterization of native rhizobia from
three mungbean varieties,” Malaysian Journal of Microbiology, vol. 17,
no. 2, pp. 121-129, April 2021.

Miss Chatprawee Dechjiraratthanasiri is interested in the benefit of
microorganism on sustainable agriculture under climate change. She
had good opportunity to train in University of Ulm, Germany in 2016
and The Ohio State University, Ohio, USA in 2020. She got young
scientist award from the 2" Asian Conference on Plant Microbe
Symbiosis and Nitrogen Fixation, Phuket, Thailand. 2012, the best
thesis award from Maejo University, Chiang Mai, Thailand. 2014, the
scholarship from Fiat Panis Foundation, Germany and Teaching
Assistant and Research Assistant scholarship from Graduate School.
Chiang Mai University, Thailand.

Jiraporn Inthasan was born in Chiang Mai,
Thailand in 1973. She graduated Bachelor of
Science (soil science) at department of Soil
science, Chiang Mai University, Chiang Mai,
Thailand in 1995; Master of Science (soil
science) at department of Soil science, Chiang
Mai University Chiang Mai, Thailand in 1997
and Doctor of Philosophy (Dr. sc. agr.) in Soil
Science at Department of Soil Science and
Land Evaluation, University of Hohenheim,
Stuttgart, Germany in 2006.

She is the lecturer at the Department of Soil Resources and
Environment, Maejo University, Chiang Mai, Thailand since 2001. At
this present, she has many courses in Bachelor and Master of Science
programs about soil fertility, soil and plant nutrition, soil amendments
and biological fixation. The current and previous research are arranged
as follows: J. Inthasan, Soil Fertility, 2nd ed., Design print media,
Chiang Mai, 2020, p. 321; J. Inthasan, C. Dechjiraratthanasiri, and N.
Taksa-Udom, “Influence of Zinc and Boron on nutrient concentration in
coffee (Coffea arabica) leaf and coffee yield in Northern Thailand,”
Maejo International Journal of Science and Technology, vol. 15, no. 1,
pp. 73-81, April 2021; and C. Dechjiraratthanasiri, P. Boonmee, J.
Inthasan, and C. Santasup, “Identification and characterization of native
rhizobia from three mungbean varieties,” Malaysian Journal of
Microbiology, vol. 17, no. 2, pp. 121-129, April 2021.

Assistant Professor Dr. Jiraporn Inthasan is the soil scientist especially
in soil and plant nutrition and soil microbiology. She got scholarship
from The German Academic Exchange Service (DAAD), Office of the
Civil Service Commission and Fulbright scholarship to contribute her
experience.



https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/

Journal of Advanced Agricultural Technologies Vol. 8, No. 2, December 2021

Choochad Santasup was born in Phra
Nakhon Si Ayutthaya, Thailand in 1964. He
graduated Bachelor of Science (soil science) at
department of Soil science, Chiang Mai
University, Chiang Mai, Thailand in 1986;
Master of Science (soil science) at department
of Soil science, Chiang Mai University,
Chiang Mai, Thailand in 1989 and Doctor of
Philosophy in soil science at Mie University,
Japan in 2002.

He is the lecturer at the department of Department of Plant Science and
Natural Resources, Chiang Mai University, Chiang Mai, Thailand. The
publications are arranged as follows: A. Shutsrirung, P. Sutigoolabud, C.
Santasup, K. Senoo, S. Tajima, M. Hisamatsu, and A. Bhromsiri,
“Symbiotic efficiency and compatibility of native rhizobia in northern
Thailand with different soybean cultivars (I): Field experiment in
irrigated traditional soybean growing area,” Soil Science and Plant
Nutrition, vol. 48, no. 4, pp. 491-499, August 2002; C. Srithongkul, C.
Krongchai, C. Santasup, and S. Kittiwachanaa, “An investigation of the
effect of operational conditions on a sequential extraction procedure for
arsenic in soil in Thailand,” Chemosphere, vol. 242, 125250, March
2020; and C. Dechjiraratthanasiri, and P. Boonmee, J. Inthasan, and C.
Santasup, “Identification and characterization of native rhizobia from
three mungbean varieties,” Malaysian Journal of Microbiology, vol. 17,
no. 2, pp. 121-129, April 2021.

Assistant Professor Dr. Choochad Santasup is expert in soil and plant
analysis and soil fertility.

©2021 Journal of Advanced Agricultural Technologies 72



