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Abstract

Legume production under infertile sandy soil may be limited by
low nitrogen (N) and phosphorus (P) availability in the soil. A
study was conducted to assess the effects of N and P on growth,
yield, and root nodules of mung bean under sandy soil conditions.
Two pot experiments were conducted under a greenhouse
environment and were laid out in a completely randomized design
(CRD) with five replications. Experiment 1 consisted of two types
of soils (sandy and loamy sand) and two P application rates at 0
and 13 mg P kg'. Experiment 2 consisted of 10 fertilizer
treatments that included two N treatments of 0 and 53 mg N kg!
in combination with four P treatments of 0, 17, 34, 68 mg P kg™,
P only at 17 mg P kg!, and a cattle manure that was applied at a
rate of 5 t ha! which was equivalent to 52:07:56 (N:P:K mg kg™!).
The results showed that crop growth and root nodules improved
with P application in the loamy sand soil (containing medium P),
but not in the sandy soil (containing low P). Nitrogen application
also improved the crop growth and grain yield significantly in
loamy sand soil. However, N application suppressed root nodule
formation, an effect that was significant for the N, fixation of the
crop. Increase in the P rate did not alleviate the inhibitory effect of
N on nodule formation. Since N and P fertilizer had opposite
effects on root nodules, interactions between N and P need to be
further investigated when considering the economic benefits of
using these fertilizers.
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1. Introduction

Sandy soils are considered infertile, and this infertility is a major constraint on crop production [1,
2]. Specifically, the soils often have levels of nitrogen (N) and phosphorus (P) [3] that are too low
for crop growth, resulting in significant yield reduction in crops, particularly in legumes [4, 5].
Diversified cropping systems that include legumes are of interest for improving soil fertility [6].
Mung bean is a potential legume crop that can be adopted into a crop production system because of
its ability to fix N, increase N availability, and provide N for the subsequent crops. The bean appears
to be a best-fit as it has a short-duration of cultivation and offers better market-returns than other
legumes. Therefore, it is considered to be a suitable post-rice crop in the lowland paddy fields with
supplementary irrigation [7, 8].

Low nutrient availability in the soils is a major constraint for legume establishment in
Cambodia’s sand-dominant soils [9, 10]. Insufficient P for optimum biological nitrogen fixation and
yield reduction in legumes is common in most agricultural soil [11]. About 90% of soils in
Cambodia have low available P (<7 mg kg™!) [9]. Sufficient level of plant available-P is a vital factor
for legume performance [12, 13]. The P-deficient Cambodian sandy soils [9] may also be limiting
for leguminous N, fixation [13, 14]. Phosphorus is important for nodule development in legume
crops [11]. P has been reported to increase the yield components and grain yield of mung bean [15-
17]. The low N in rainfed sandy soils [9] may also limit mung bean performance. The positive
response of growth and yield to N application was reported. However, N application can affect
legume nodulation by reducing the number of nodules [11] and N, fixation [18].

The objectives of these experiments were: 1) to determine the effects of fertilizer (N and
P) and their interaction on the grain yield, crop performance, and root nodules of mung bean, and
2) to confirm whether P is a limiting nutrient for lowland-rainfed soil.

2. Materials and Methods
2.1 Experimental conditions

The experiments were conducted under greenhouse conditions at the Royal University of
Agriculture (RUA), Cambodia from February, 2020 to April, 2020. The daily temperature and
relative humidity during the experiments are shown in Figure 1. The data were measured using a
simple thermometer. The daily temperature and relative humidity were calculated as an average of
three measurements per day (at 8 am, 12 pm, and 8pm).

2.2 Soil characteristics

Sandy soil and loamy sand used in this study were taken at 0-20 cm depth from a farmer’s field
(11°4'34"N, 184°32'14"E) and research station (11°30'47"N, 104°54'2"E), respectively. The soils
were then air-dried and homogenously mixed in each soil type. The characteristics of each soil type
are shown in Table 1.
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Figure 1. Temperature and relative humidity in the greenhouse during growing period

Table 1. Soil characteristics of the experimental soils

Soil characteristics Sandy soil Loamy sand
Preceding crop Rice Rice

pH (1:5 of soil:water) 55 6.12
CEC (Ammonium acetate pH 7.0) 0.30 cmol/kg 3.72 cmol/kg
Total N (Kjeldahl digestion) 0.019 % 0.067 %
Total Organic C (Black and Walkey) 0.226 % 0.729 %
Available P (Olsen method) 4.23 mg kg! 12.73 mg kg
Available K 0.07 mg kg'! 0.30 mg kg!
Sand 91.24 % 79.65 %
Silt 3.88% 6.93 %
Clay 4.88 % 13.42 %

2.3 Experiment setup
2.3.1 Experiment 1: Effect of P application on P-deficit sandy soil

The experiment consisted of four treatments with two types of soils (sandy and loamy sand) and two
P application rates at 0 and 10 kg P ha'! (equal to 0 and 13 mg P kg™') on a plant density basis. The
P was applied on the top and incorporated to a depth of 5 cm to simulate the field placement of
fertilizer. The characteristics of the two soils are mentioned in Table 1. The fertilizers N and K were
applied at the recommended rates of 40 and 25 kg K ha!, respectively, which were equivalent to 18
mg N and 11 mg K kg™! on a soil weight basis.
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2.3.2 Experiment 2: Crop performance responses to nitrogen and phosphorus application

A loamy sand was used in this experiment, and soil characteristics are described in Table 1. The
experiment consisted of eight fertilizer treatments including two N treatments of 0 and 40 kg N ha’!
(53 mg N kg'!) in combination with four P treatments of 0, 13, 26, 52 kg P ha™! (equal to 0, 17, 34,
68 mg P kg'!; respectively). Itis noted that the rate at 40:26:25 (N:P:K kg ha!) was a common rate
for typical mung bean crop grown on sandy soils in Cambodia. Both experiments were laid out in
CRD and were replicated with five pots per treatment.

2.4 Fertilizer application

Urea, triple super phosphate (TSP) and muriate of potash (KCl) were applied as the nitrogen,
phosphorus and potassium sources, respectively. The fertilizer rates were adjusted to the equivalent
amount per pot. All fertilizers were applied pre-plant and were based on plant density calculation
(Table 2).

Planting spacing was 20 x 20 cm, and the total number of plants per ha was calculated to
be 250000 plants. Thus, the amount of fertilizer needed to be applied per kg of soil was the division
of fertilizer used in a hectare to the number of plants per hectare. The amount of N:P:K needed per
1 kg of soil was used to calculate the amount of fertilizer need per pot (3 kg of soil per pot).
Fertilizers were broadcast applied and incorporated into the soil to a depth of 5 cm to simulate the
farmer practices (plow flowing fertilizer application and before planting).

Table 2. Fertilizer (N:P:K) applied in each treatment

Treatment N:P:K (kg ha) N!:P:K? (mg kg'soil)
Urea 0+TSP 0 00:00:25 00:00:11
Urea 0+TSP 13 00:13:25 00:17:11
Urea 0+TSP 26 00:26:25 00:34:11
Urea 0+TSP 52 00:52:25 00:68:11
Urea 40+TSP 0 40:00:25 53:00:11
Urea 40+TSP 13 40:13:25 53:17:11
Urea 40+TSP 26 40:26:25 53:34:11
Urea 40+TSP 52 40:52:25 53:68:11

!'calculated by plant density basis
2 calculated by soil weight basis
3 containing N (0.78%), P (0.09%) and K (0.83%)

2.5 Planting and crop management

Irrigation water was applied daily to maintain a soil moisture level of 80% of field capacity based
on visual observation, and if needed, the plants were watered twice per day.

Plastic rounded-pots (20 cm diameter X 17 cm height) were filled with 3 kg of soil (air-
dried and sieved with a 2 mm sieve) to approximate 11 cm of soil depth. The soil was seeded with
2 seeds. After two weeks of seedling growth, one seedling was thinned to keep 1 healthy plant per
pot.
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2.6 Measurement and calculation

Grain yield and 100-grain weight: The grain yield was harvested from the five replicated pots to
find the average grain yield per plant. Grain yield was adjusted to a standard 12% grain moisture
content. The 100-grain weight measurement was determined by randomly selecting a subsample
from the total harvested kernels.

Following harvesting, roots were carefully removed from the pots and washed with clean
water with a sieve underneath to catch falling nodules. All root nodules were hand counted
regardless of size and were averaged from the five replicated pots for each treatment.

Harvest index (HI) was calculated using the following formula:

Grain yield per plant

" Grain yield per plant+plant biomass per plant

where the plant biomass was the whole plant after removing pods for grain collection and counting
of the root nodules. The samples were oven-dried at 70° C for 48 h and weighed.

2.7 Statistical analysis
All the data were analyzed using ANOVA (Analyses of Variance) and mean comparison tests were

performed using Fisher’s Least Significant Difference (LSD) with Statistix 8 (Version 8.0,
Analytical Software, 1985-2003).

3. Results and Discussion

3.1 Phosphorus application on the performance of mung bean

The interactions between soil types and P application were significant, except 100 grain weight
(Table 3). Application of 13 mg P kg™! did not significantly affect the crop performance, grain yield
and nodule number in the sandy soil treatment. In contrast, amendment with P significantly
increased pod number but not 100 grain weight for the loamy sand treatment. The nodule count was
significantly greater with P amendment in the loamy sand treatment.

Table 3. Effect of phosphorus on crop growth and nodulation

Grain

Soil types P . 109 grain yield Harvestindex  Nodules c:)unt
(mg kg™) weight (g) (g pot) (HD) plant
Sandy 0 5.04 2.86° 0.28* 96°
13 5.30 2.63° 0.26* 100
Loamy sand 0 4.98 1.33¢ 0.14° 78°
13 4.82 1.71° 0.18° 1922
Soil types ns ok oo ns
P ns ns ns *
Soil types X P ns Hk * *

The same letters in each column represent non-significant differences among treatments at P < 0.05
by Tukey HSD’s test. ** and * denote significant difference at P < 0.01 and 0.01 <P < 0.05,
respectively.
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This experiment was conducted to determine if residual soil-P levels were a limiting factor
for mung bean establishment under loamy sand soils. Application of P at 13 mg kg' significantly
improved the crop performance and nodulation in the loamy sand soil used in this study. The initial
P (Olsen method) of the sandy soil was 4.23 mg kg™! (Table 1), which was rated as “low” [19] and
also below the critical value for mung bean (7 mg kg') [20]. The loamy sand soil had a higher
Olsen-P (12.73 mg kg') and was classified as “medium” which was above the critical value for
mung bean [20]. The current rates of P application may not be sufficient to enhance the performance,
yield and nodulation of mung bean under sandy soils. This may explain why mung bean showed no
increase in growth and root nodules with P application for the sandy soil treatments. As nodulation
needs energy for its development process, P is needed to generate the energy for fixation processes
[21].

Phosphorus is an important constituent of ATP and plays an important role in energy
transformation. The response of some yield components, grain yield and nodules due to P
application were reported [15, 22]. Several authors also reported an improvement of legume
nodulation with P amendment [21, 23]. In the meta-analysis by [24], pooled data from multiple
studies showed the reduction of both nodule growth and number with P deficiency. This result
implies that the low residual P levels in Cambodia’s rainfed, lowland sandy soils is a crop limiting
factor.

3.2 Effect of fertilization on mung bean performance

Application of N significantly increased grain yield and 100-grain weight, compared to non-N
application (Table 4). Without N, the effect of increasing P rates (0-68 mg kg™') showed an increase
in 100-grain weight. With N, there was no clear significant difference among different P rates for
100 grain weight, but P application had significant interaction with N fertilizer on grain yield. For
the 0 kg N ha™! treatments, increasing P rates tended to increase the grain yield. However, for the 40
kg N ha! (equivalent to 53 mg N kg™!) treatments, maximum P fertilizer application at 68 mg P kg'!
did not produce higher grain yield over the 0-N application. However, application of 17 and 34 mg
P kg'! increased the grain yield compared to non-P amendment. In the absence of N, application of
P increased the root nodules, compared to non-P application. However, application N fertilizer
reduced the number of nodules significantly. Increasing P did not increase the root nodules under
N-amendment

Nitrogen application increased the grain yield significantly. Nitrogen fertilization also
improved harvest index, but reduced the number of nodules. The increase of growth and grain yield
from N and P fertilizer additions was also reported by Jamro et al. [25]. Higher 100-grain weight
and grain yield of mung bean with N application was reported by Yin ef al. [26]. The increase in
100-grain weight with N application showed the need for N for seed filling. Omran et al. [27]
reported the optimum grain yield of mung bean was at 40 kg N ha! and 60 kg P,Os ha!. As the
initial soil N was poor, the response to N was high. Even though legumes can obtain some or most
of their needed N through symbiotic N fixation, supplemental N can increase their growth and yield
[28]. These results show the importance of N for seed formation of legumes, leading to higher grain
yield. In this study, mineral N reduced the number of nodules. In general, supplemental-N reduced
nodule counts in many legume crops [20]. Additional N also decreased the number of nodules per
plant. The inhibitory effect on legume root nodulation by N application has been well-documented
in multiple studies [21, 29-31].

The effect of N on mung bean growth and yield was associated with application of P.
Phosphorus fertilizer treatments with O-N showed that harvest index did not respond to increasing
P rates, but 100-grain weight did increase. The variation of grain yield caused by P rates when no N
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Table 4. Effects of N and P on mung bean growth and nodulation

N P 100 grain Grain yield  Harvest index Nodule count
(mg kg ) weight (g) (g pot™) (HI) per plant
00 4.38¢ 2.14h 0.28" 15°
00 17 4.56 2.37¢ 0.25b 28
34 5.07% 2.94f 0.29%% 30°
68 4.9820¢ 3.72¢ 0.34% 25°
00 5.08% 3.97¢ 0.32%® 16°
53 17 5.14% 4.85° 0.39% 13°
34 5.35% 4.76* 0.42¢ 7¢
68 5.09% 2.74¢ 0.26° 7°
Overall sig. ok ok ns *
N kok kok ns koK
P kek kek ns sk
N X P ns kek ksk sk

The same letters in each column represent non-significant differences among treatments at P < 0.05
by Tukey HSD’s test. ** and * denote significant difference at P < 0.01 and 0.01 < P < 0.05,
respectively

fertilizer was applied was likely a function of 100-grain weight. An increase of 1000-grain weight
by P application was reported by Ali et al. [32]. It is not clear whether increasing P beyond 53 mg
kg! would continue to increase grain yield. In treatments that included N addition, the application
of P did not benefit the grain yield, and for the highest P application treatment, grain yields were
reduced. Similarly, rising P application reduced some of grain yield parameters and grain yield when
high N (50 kg ha'!) was applied [33].

The effect of N-urea on legume nodulation is poorly documented. The previous findings
reported that the reduction of nodulation and N» fixation were caused by nitrate [30] rather than
urea-N. Studies have shown that either NO3 or NH4" can suppress both nodulation and symbiotic
N; fixation. Low N application has been shown to enhance nodule formation, nitrogenase activity
and plant growth of common bean [34]. Tsai ef al. [35] further reported that high N rates stimulated
N fixation if no other nutrients were limited. Elahi et al. [36] also reported stimulation of mung
bean nodule development under low nitrate, but with higher nitrate the nodules decreased.

In this study, N from urea inhibited nodulation and N> fixation. The relationship between
nodulation and N source is complex and involves many mechanisms, but the most plausible
explanation is that nodule surface absorbs most of the nitrate with only a small amount being
transported to the upper part of the plant [34]. However, the nitrate accumulated in the nodule results
in respiration inhibition, decreasing O, permeability and suppression of photoassimilate import into
bacteroid.

In this study, the number of nodules increased with P application when 0 kg N ha™' was
applied (no urea). Moreever, in this study, it was found that nodulation was restricted with N
fertilization. Leidi and Rodriguez-Navarro [37] found that increasing P enhanced the nodule
formation only at low N concentration. In the case of high N (nitrate), high amounts of applied P
did not improve nodulation.

4. Conclusions

Crop growth and nodulation improved with P application in loamy sand, but not in sandy soil.
Nitrogen application of 40 kg N ha’!, which is equivalent to 53 mg N kg, also improved the crop
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growth and grain yield significantly in the loamy sand. Conversely, N application suppressed
nodulation and probably also symbiotic N, fixation. Increasing the P rates did not alleviate the
inhibitory effect of N on nodule formation. Whether the additional N application is economical is a
key question, and economical optimum grain yield purpose should be considered when deciding on
high N input.

References

(1]

(2]

(3]

(4]

(3]

(6]

(9]

[10]

[12]

Weil, R.R. and Brady, N.C., 2017. The Nature and Properties of Soils. 15" ed. Harlow:
Pearson.

FAO, 2022. Management of Sandy Soils. [online] Available at: https://www.fao.org/soils-
portal/soil-management/management-of-some-problem-soils/sandy-soils/en/.

Saentho, A., Wisawapipat, W., Lawongsa, P., Aramrak, S., Prakongkep, N., Klysubun, W.
and Christl, 1., 2022. Speciation and pH- and particle size-dependent solubility of
phosphorus in tropical sandy soils. Geoderma, 408, DOI: 10.1016/j.geoderma.2021.
115590.

Serri, F., Souri, M.K. and Rezapanah, M., 2021. Growth, biochemical quality and
antioxidant capacity of coriander leaves under organic and inorganic fertilization programs.
Chemical and Biological Technologies in Agriculture, 8(1), DOI: 10.1186/s40538-021-
00232-9.

Ahmadi, M. and Souri, M.K., 2021. Importance of chemical sources in salt-induced salinity
on plant growth characteristics in pepper. Acta Horticulture, 1315, 425-432, DOLI:
10.17660/ActaHortic.2021.1315.63.

Ghosh, P., Hazra, K., Venkatesh, M., Praharaj, C., Kumar, N., Nath, C. and Singh, S., 2020.
Grain legume inclusion in cereal—cereal rotation increased base crop productivity in the long
run. Experimental Agriculture, 56(1), 142-158, DOI: 10.1017/S0014479719000243.
Bunna, S., Sinath, P., Makara, O., Mitchell, J. and Fukai, S., 2011. Effects of straw mulch
on mungbean yield in rice fields with strongly compacted soils. Field Crops Research,
124(3), 295-301, DOI: 10.1016/j.fcr.2011.06.015.

Samson, B.K., Sengxua, P., Vorlason, S., Douangboupha, K., Eberbach, P., Vote, C.,
Jackson, T., Harnpichitvitaya, D. and Wade, L.J., 2020. Short-duration mungbean (Vigna
radiata (L.) R. Wilczek) genotypes differ in performance, water use and apparent water-use
efficiency in southern Lao PDR. Field Crops Research, 245, DOI: 10.1016/j.fcr.2019.
107662.

Seng, V., Ros, C., Bell, R.W., White, P.F. and Hin, S., 2000. Nutrient requirements of
rainfed lowland rice in Cambodia. Proceedings of an International Workshop, Vientiane,
Laos, October 30-November 2, 2000, pp. 169-178.

White, P.F., Oberthiir, T. and Sovuthy, P. 1997. The Soils Used for Rice Production in
Cambodia: A Manual for Their Identification and Management. Manila: International Rice
Research Institute.

Kumar, S., Meena, R.S., Lal, R., Yadav, G.S., Mitran, T., Meena, B.L., Dotaniya, M.L. and
EL-Sabagh, A., 2018. Role of legumes in soil carbon sequestration. In: R.S. Meena, A. Das,
G. Yadav, R. Lal, eds. Legumes for Soil Health and Sustainable Management. Singapore:
Springer, pp. 109-138.

Walley, F.L., Kyei-Boahen, S., Hnatowich, G. and Stevenson, C., 2005. Nitrogen and
phosphorus fertility management for desi and kabuli chickpea. Canadian Journal of Plant
Science, 85, DOI: 10.4141/P04-039.


https://www.fao.org/soils-portal/soil-management/management-of-some-problem-soils/sandy-soils/en/
https://www.fao.org/soils-portal/soil-management/management-of-some-problem-soils/sandy-soils/en/
https://doi.org/10.1016/j.geoderma.2021.%20115590
https://doi.org/10.1016/j.geoderma.2021.%20115590
https://doi.org/10.1186/s40538-021-00232-9
https://doi.org/10.1186/s40538-021-00232-9
https://doi.org/10.1017%20/S001447971
https://doi.org/10.1016/j.fcr.2011.06.015
https://doi.org/10.1016/%20j.fcr.2019.107662
https://doi.org/10.1016/%20j.fcr.2019.107662
https://doi.org/10.4141/P04-039

Curr. Appl. Sci. Technol. Vol. 23 No. 2 S.Roetal.

[13]

[14]

[17]

[18]

[19]

[20]

(21]

[22]

(23]

(24]

(25]

(27]

(28]

Ma, Y. and Chen, R., 2021. Nitrogen and phosphorus signaling and transport during legume—
Rhizobium symbiosis. Frontiers in Plant Science, 12, DOI: 10.3389/fpls.2021.683601.
Lazali, M., Brahimi, S., Benadis, C., Farissi, M. and Drevon, J.J., 2021. Are phytases
involved in the regulation of symbiotic nitrogen fixation under phosphorus deficiency? Journal
of Plant Nutrition, 44(3), 455-466, DOI: 10.1080/01904167.2020.1822405.

Ahmad, S., Khan, A.A., Shahzad, A.l, Imran, M. and Habibullah, M., 2015. Impact of
phosphorus levels on yield and yield attributes of mungbean cultivars under Peshawar
Valley conditions. Journal of Environment and Earth Science, 5, 18-24.

Bilal, S., Hazafa, A., Ashraf, 1., Alamri, S., Siddiqui, M.H., Ramzan, A., Qamar, N., Sher,
F. and Naeem, M., 2021. Comparative effect of inoculation of phosphorus-solubilizing
bacteria and phosphorus as sustainable fertilizer on yield and quality of mung bean (Vigna
radiata L.). Plants, 10(10), 2079, DOI: 10.3390/plants10102079.

Ro, S., Becker, M. and Manske, G., 2016. Effect of phosphorus management in rice-
mungbean rotations on sandy soils of Cambodia. Journal of Plant Nutrition Soil Science,
179(4), 481-487, DOI: 10.1002/jpIn.201600043.

Pampana, S., Masoni, A., Mariotti, M., Ercoli, L. and Arduini, I., 2018. Nitrogen fixation of
grain legumes differs in response to nitrogen fertilization. Experimental Agriculture, 54(1),
66-82, DOI: 10.1017/S0014479716000685.

Hazelton, P. and Murphy, B., 2007. Interpreting Soil Test Results. Collingwood: CSIRO
Publisher.

Bell, R.W., 1991. Mineral nutrition of mung beans. In: B.C. Imrie and R.J. Lawn, eds.
Mungbean: The Australian Experience. Brisbane: CSIRO Division of Tropical Crops and
Pastures, pp. 53-65.

Amba, A.A., Agbo, E.B. and Garba, A., 2013. Effect of nitrogen and phosphorus fertilizers
on nodulation of some selected grain legumes at Bauchi, Northern GuineaSavanna of
Nigeria. Internatoinal Journal of Biosciences, 3(10), 1-7, DOI: 10.12692 /ijb/3.10.1-7.
Tariq, S., Ali, S. and Ijaz, S.S., 2007. Improving nitrogen fixation capacity and yield of
mungbean and mashbean by phosphorous management in Pothowar. Sarhad Journal of
Agriulture, 23(4), 1027-1031.

Attar, H.A., Blavet, D., Selim, E.M., Abdelhamid, M.T. and Drevon, J.J., 2012. Relationship
between phosphorus status and nitrogen fixation by common beans (Phaseolus vulgaris L.)
under drip irrigation. International Journal Environmental Science and Technology, 9(1),
1-13, DOI: 10.1007/s13762-011-0001-y.

Divito, G.A. and Sadras, V.O., 2014. How do phosphorus, potassium and sulphur affect
plant growth and biological nitrogen fixation in crop and pasture legumes? A meta-analysis.
Field Crops Research, 156, 161-171, DOI: 10.1016/j.fcr.2013.11.004.

Jamro, S., Ansari, M.A., Jamro, M.A., Ahmad, M.L., Siddiqui, W.A., Junejo, S.A., Soualiou,
S. and Jamro, S.A., 2018. Growth and yield response of mungbean under the influence of
nitrogen and phosphorus combination levels. Journal of Applied Environmental and
Biological Sciences, 8(7), 10-19.

Yin, Z., Guo, W., Xiao, H., Liang, J., Hao, X., Dong, N., Leng, T., Wang, Y., Wang, Q. and
Yin, F., 2018. Nitrogen, phosphorus, and potassium fertilization to achieve expected yield
and improve yield components of mung bean. PLoS one, 13(10), DOI: 10.1371/journal.
pone.0206285.

Omran, A.H., Dass, A., Rajanna, G., Dhar, S., Choudhary, A.K., Meena, S.L. and Rathore,
S.S., 2020. Root-shoot characteristics, yield and economics of mungbean (Vigna radiata L.)
under variable rates of phosphorus and nitrogen. Bangladesh Journal of Botany, 49(1), 13-
19.

Souri, M.K., 2016. Aminochelate fertilizers: the new approach to the old problem; a review.
Open Agriculture, 1(1), 118-123, DOI: 10.1515/0pag-2016-0016.


https://doi.org/10.3389/%20fpls.2021.683601
https://doi.org/10.1080/
https://doi.org/10.1002/jpln.201600043
https://doi.org/10.1017/S0014479716000685
http://dx.doi.org/10.12692
https://doi.org/10.1016/j.fcr.2013.11.004
https://doi.org/10.1371/journal.pone.0206285
https://doi.org/10.1371/journal.pone.0206285
https://doi.org/10.1515/opag-2016-0016

Curr. Appl. Sci. Technol. Vol. 23 No. 2 S.Roetal.

[29]

[30]

[31]

[32]

(33]

[34]

[35]

[36]

[37]

Khalilzadeh, R., Tajbakhsh, M., Jalilian, J., 2012. Growth characteristics of mung bean
(Vigna radiata L.) affected by foliar application of urea and bio-organic fertilizers.
International Journal of Agriculture and Crop Sciences, 4(10), 637-642.

Zhang, R., Wang, C., Teng, W., Wang, J., Lyu, X., Dong, S., Kang, S., Gong, Z. and Ma,
C., 2020. Accumulation and distribution of fertilizer nitrogen and nodule-fixed nitrogen in
soybeans with dual root systems. Agronomy, 10(3), DOI: 10.3390/agronomy10030397.
Lyu, X, Li, M., Li, X., Li, S, Yan, C., Ma, C. and Gong, Z., 2020. Assessing the systematic
effects of the concentration of nitrogen supplied to dual-root systems of soybean plants on
nodulation and nitrogen fixation. Agronomy, 10(6), DOI: 10.3390/ agronomy10060763.
Ali, M.A., Abbas, G., Mohy-ud-Din, Q., Ullah, K., Abbas, G. and Aslam, M., 2010.
Response of mungbean (Vigna radiata) to phosphatic fertilizer under arid climate. The
Journal of Animal and Plant Sciences, 20(2), 83-86.

Malik, M.A., Saleem, M.F., Ali, A. and Mahmood, 1., 2003. Effect of nitrogen and
phosphorus application on growth yield and quality of mungbean (Vigna radiata L.).
Pakistan Journal of Agricultural Sciences, 40, 133-136.

Ohyama, T., Fujikake, H., Yashima, H., Tanabata, S., Ishikawa, S., Sato, T., Nishiwaki, T.,
Ohtake, N., Sueyoshi, K., Ishii, S. and Fujimaki, S., 2011. Effect of nitrate on nodulation
and nitrogen fixation of soybean. In: H.A. El-Shemy, ed. Soybean Physiology and
Biochemistry. London: IntechOpen, pp. 333-364.

Tsai, S.M., Bonetti, R., Agbala, S.M. and Rossetto R., 1993. Minimizing the effect of
mineral nitrogen on biological nitrogen fixation in common bean by increasing nutrient
levels. In: Enhancement of Biological Nitrogen Fixation of Common Bean in Latin America.
Dordrecht: Springer, pp. 131-138.

Elahi, N.N., Akhtar, W. and Mirza, J.1., 2004. Effect of combined nitrogen on growth and
nodulation of two mungbean (Vigna radiata [L.] wilczek) cultivars. Journal of Research
Science, 15(1), 67-72.

Leidi, E.O. and Rodriguez-Navarro, D.N., 2000. Nitrogen and phosphorus availability limit
Ny fixation in bean. The New Phytologist, 147(2), 337-346.

10


https://doi.org/10.3390/

	Sophoanrith Ro1*, Jared Williams2 and Leangsrun Chea1
	2.2 Soil characteristics
	2.7 Statistical analysis
	3.1 Phosphorus application on the performance of mung bean


