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Abstract: As a result of the low organic matter content of the sandy soils in Romania, for the success
of most crops, large amounts of chemical fertilizers are needed, which can often lead to the pollution
of groundwater with nitrates, given the poor hydrophysical properties in terms of retaining
chemical elements by these soils. In this sense, the study carried out in the period 2020-2023 within
the rotation cowpea-rye+cowpea successive crop-sorghum for grains, aimed to promote the system
of sustainable agriculture, by incorporating into the soil, in the form of green manure, the cowpea
sown in succession after the rye. The soil quality analyses, carried out the following year after
harvesting sorghum for grains, showed that by incorporating 52.4 t/ha of cowpea biomass into the
soil between October 15-20, the quality characteristics of the sandy soil improved significantly.
Thus, compared to the initial state of soil fertility, there were annual increases of 0.017-0.029%, in
total nitrogen, by 9.5-13.3 ppm, in extractable phosphorus, by 11.333-24 ppm, in exchangeable
potassium and by 0.008-0.012%, to organic carbon, also depending on the sorghum fertilization
system. Also, the incorporation of green cowpea manure into the soil contributed to reducing the
acidity of the soil pH and improving the water holding capacity of the soil profile.

Keywords: cowpea; green cowpea manure; crop rotation; fertilization system; soil chemical quality;
soil hydrophysical indices

1. Introduction

The deficient pedoclimatic conditions in areas with sandy soils, especially the reduced water
retention capacity of the soil and recent global and regional climate changes, the decline of forests
and anti-deflationary forest curtains, the strongly imprinted anthropic character of some significant
surfaces, place these lands in the category of the most vulnerable to drought [1-3]. Given the forecast
that agricultural production systems will need to produce food for a global population that could
reach 9.1 billion by 2050 and more than 10 billion by the end of the century, we will need intelligent
land use available [4]. The intensive use of sandy soils for agriculture leads to the significant
degradation of land, so through intensive exploitation the reserves of nutrients have decreased,
which makes their lack become the main limiting factor in obtaining high and stable productions [5].
Also, climate changes characterized by increased drought and lack of precipitation require
orientation towards drought-resistant/tolerant crops, such as cowpea (Vigna unguiculata L. Walp), rye
(Secale cereale L.) and grain sorghum (Sorghum bicolor L.), which they have a high adaptability to less
favorable ecological conditions (poor soils, arid climate) [6-8]. Among the leguminous plants, the
cowpea emerges as an alternative solution for drought conditions, its resistance being given by the
rapid sprouting, the presence of the waxy layer on the leaves, high photosynthesis and the well-
developed root system [9,10]. The existence in Romania of an area of approx. 439,000 ha with sands
and sandy soils, of which 209,400 ha in Oltenia, soils with low natural fertility (below 1.2% humus)
and deficient hydrophysical properties, implies finding solutions for efficient utilization of them [11-
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13]. The introduction of leguminous plants in crop rotation is a measure to promote a sustainable
agriculture, and the cowpea is the recommended plant for drought conditions, being tolerant at the
same time to the deficiency of phosphorus and water in the soil [14] and brings benefits to the plants
subsequent through the nitrogen it leaves in the soil at the end of the vegetation cycle [15,16]. The
increase in soil organic carbon is an important factor in increasing soil fertility, because carbon is the
key to all energy transformations in nature and directly influences all soil quality properties [17,18].
Soil organic matter includes plant and animal remains in various stages of decomposition, cells and
tissues of soil organisms, plant root secretions, and soil microorganisms. Through the process of
photosynthesis, carbon dioxide (COz) is transformed into plant material (the vegetative part and
roots), and a part is sequestered in the soil in the form of organic carbon [19,20]. The use of green
manure is a natural method of improving the chemical and physical properties of the soil, while also
using crop rotation [21,22]. Also, the use of green manure is one of the environmental protection
trends that help transition the agricultural sector to sustainability by conserving resources and
meeting consumer demand for food [23]. Green manure, based on leguminous plants and crop
rotation, by including leguminous plants in the rotation, contribute to the reduction of nitrogen doses
applied to subsequent crops, as a result of the optimal use of nitrogen left in the soil, which they fix
symbiotically with the help of bacteria of the genus Rhizobium, thus reducing the carbon footprint
with the manufacture of synthetic nitrogenous chemical fertilizers [24-26]. Thus, studies carried out
in South Africa have shown that cowpea, grown in an intercropping system with other plants (eg
amaranth), can reduce the recommended dose of fertilizers by up to 50%, as a result of being fixed in
the soil, with the help of bacteria symbiotic, of a significant amount of atmospheric nitrogen. [27].
Application of available organic residues (manure, zeolitic sedges and sugarcane stalks, etc.) can
improve soil fertility, especially in the context of organic farming practices [28,29]. Studies conducted
in India highlighted the beneficial role of green cowpea manure on mentholated mints, causing
increases of 23.4% in fresh biomass yield and 25.2% in essential oil yield compared to variants without
green manure [30]. In this cowpea-mint intercropping system, the contribution of green cowpea
manure as a hitrogen source was equivalent to 30 kg N/ha when no nitrogen fertilizer was applied to
mint. The results obtained in Romania, regarding the incorporation of cowpea biomass into the soil,
highlighted the increase in the content of organic matter and nutritious chemical elements and the
enrichment of the microbial flora of the soil [31]. The special role of green manure in protecting the
soil against erosion, in improving it with organic matter and in improving some properties of the soil
(holding capacity, permeability for water and air, as well as increasing soil reserves in easily
assimilable elements) was highlighted [32]. Being a plant with low requirements for soil fertility, the
cowpea is usually grown on the poorest sands, developing through the biology of the plant a rich
vegetative mass, which incorporated into the soil in the form of green manure contributes to
improving the physical and chemical properties of the sands, along with white lupine, peas and
soybeans [33,34]. It was shown that against the background of improving the state of supply with
organic matter, the green cowpea manure also favored the increase of the total cation exchange
capacity and the state of supply of total and mineral nitrogen and accessible forms of phosphorus
and potassium. As a result of the low organic matter content of sandy soils, which is closely
dependent on the amount of organic residues and the activity of soil organisms, the success of most
crops requires large amounts of chemical fertilizers, which can often lead to groundwater pollution
with nitrates, taking into account the poor hydrophysical properties regarding the retention of
chemical elements by sandy soils [32]. Therefore, finding solutions to preserve soil health is an
essential measure, which is why the idea was developed in this study. National research has shown
that the water content of sandy soils is outside the optimal limits characteristic of most plant species,
representing a stress factor with major implications on the physiological processes in crop plants
[35,36]. Drought has the effect of increasing the concentration of the soil solution, which causes a
decrease in the water absorption capacity of the plants and a reduction in the turgor of the leaves.
Decreased leaf water potential and turgor pressure affected the synthesis, transport and distribution
of plant hormones such as ABA and cytokinin [37]. Thus, plants respond to water deficits through
multiple physiological and metabolic adaptations at the molecular, cellular and organism level. To
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withstand these conditions, plants tolerant to water stress acclimatize to the lack of water in the soil
by synthesizing new proteins that retain water in cells, protect the structure of membranes, prevent
the coagulation of cellular proteins under water stress conditions and maintain the structural
integrity of cells. Therefore, under the conditions of a sustainable agriculture, alternative methods of
increasing the fertility of sandy soils, of conserving water in the soil, in order to utilize them with
good results by stress-tolerant agricultural plants, are being sought. The novelty of the research
consists of studies on the implications of green cowpea manure, obtained in successive crops after
rye, associated with fertilization with NPK macroelements, on the chemical and hydrophysical
quality characteristics of the soil, in order to promote the sustainability of agriculture in the area of
sandy soils in Romania.

2. Materials and Methods

2.1. Experimental Site

The research was carried out in the period 2020-2023 at the Research Development Station for
Plant Culture on Sands Dabuleni, located in the southwest of Oltenia, Romania (North latitude: 43°
48', East longitude: 24° 5'), having as aim to improve the chemical and hydrophysical quality
characteristics of sandy soils, through the use of green bean manure, associated with fertilization with
NPK macroelements, in order to promote the sustainability of agriculture on these qualitatively
deficient lands. From a pedological point of view, the clay content of these soils is particularly low
(0.7 - 3%), and the profile is dominated by coarse sand (78 - 88%) and fine sand (9 - 19%). These soils
have a low apparent density at a depth of 1.0 m (1.42-1.52 g/cm3), which corresponds to a loose state
of the soil and a medium-high total porosity [38]. From a hydrophysical point of view, the sandy soils
in the south of Oltenia are characterized by low values of the wilting coefficient (1.1-2.1%) and field
capacity (7.5-9.3%). The pH reaction of the soil remains weakly acidic towards neutral, and the humus
content is generally below 1%. Due to the intense leaching process, the degree of supply of nitrogen,
phosphorus and potassium is below the limit required by agricultural plants. From a climatic point
of view, according to the Koppen climate classification [39], based on the natural distribution of plants
native to an area, on annual and specific temperatures, on the rainfall regime, on local fluctuations
and on seasonality, the area of psammosols in the south of Oltenia is included in the Cfa climatic
province, having a pronounced temperate continental character, with a slight mediterranean
influence, characterized by a pronounced dryness in the months of July - September and a surplus of
precipitation in the months of May and June [40]. This lowland area has a climate with high annual
thermal averages (11.67 °C), being in the area with the highest values in the country, but with low
rainfall amounts (562.81 mm/year) and frequent droughts (Table 1).

Table 1. Climatic conditions recorded at the weather station* of SCDCPN Dabuleni in the period 2020-
2023, compared to the ultiannual average.

Climatic Calendar month Period
conditio I-

I 11 Inmr |Iv A% Vvl |VII VII |IX X XI |XII Annual VII-X
ns VIII
Average
air

2.0 11. | 17. | 21. | 25. 19. | 12. | 72 | 33 | 13.0 | 22.4 | 20.6
temperat 44 | 64 25

6 36 6 95 18 6 93 5 5 9 3 8
ure 2020-
2023 (°C)
Rainfall 60. | 24. | 51. | 43. | 58. | 59. | 44. | 32. | 38. 59. | 45. | 572. | 195. | 169.

54

2020- 63 15 15 4 55 7 6 93 15 7 85 81 78 68
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2023,

(mm)

Multiann
ual

average -
1.1 | 58 | 11. | 16. | 21. | 23. | 22. | 17. | 11. | 5.7 | 0.7 | 11.6 | 21.1 | 18.8
air 1.2
temperat 6
ure 2056-

2023 (0C)

Multiann
ual

rainfall 36. | 32. | 40. | 47. | 62. | 70. | 54. | 36. | 44. 44. | 49. | 562. | 223. | 178.
2056- 26 | 41 | 67 | 13 | 67 | 01 | 29 | 55 | 95 . 78 | 38 10 52 79
2023,

(mm)

Deviatio
ns of

average
air

temperat
ure, 33132 |05 06 | 04 | 18 16 | 1.3 | 1.5 | 2.6
0.5 2.3 142 | 1.31 | 1.79
compare 2 1 3 5 1 6 1 8 2 4
d to the
multi-
annual

average

(")

Deviatio
ns of

average
rainfall,
compare | 24. 10. - 14. 79.3 -
d'to the 37 8.2 18 3.7 | 41 1031 96 | 36 | -68| 11 o 3.5 g 27.7 011
multi-
annual

average

(mm)

*AgroExpert - Adcon Telemetry SRL Romania.

2.2. Experimental Design

The study was carried out within the cowpea-ryetcowpea succession crop for green manure-
sorghum for grains, with the aim of evaluating the implications of green cowpea manure and NPK
chemical fertilization on the chemical and hydrophysical quality of the soil within this rotation. In
this sense, annually between July 23-29, 2020-2022, after harvesting the rye crop, soil samples were
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collected for fertility assessment. Then soil preparation works were carried out (ploughing + disking),
and half of the plot was sown with the cowpea, in successive cultivation, being incorporated into the
soil as green cowpw manure in the phase of the pod formation (15 - 22 October 2020-2022), when the
maximum biomass production was recorded.

In the following years, i.e., in 2021, 2022 and 2023, as part of the rotation, grain sorghum was
sown providing approx. 250,000 plants/ha in a bifactorial experiment, placed in the field according
to the method of subdivided plots with two factors, in 3 repetitions. The factors studied were: factor
A: Crop system (al-without green cowpea manure; a2-with green cowpea manure) and factor B:
Chemical fertilization in sorghum (b1- N80PS80K80; b2- N150P80K80).

2.3. Analyzes and Experimental Determinations

a) Assessment of initial and final soil fertility. After harvesting the rye cultivated in the
agricultural years 2019/2020, 2020/2021 and 2021/2022, soil samples were taken at the depths of 0-20
cm and 20-40 cm, in order to evaluate the initial state of soil fertility, respectively the content of the
soil in total nitrogen (N, %), mobile phosphorus (P-AL, ppm), mobile potassium (K-AL, ppm*),
organic carbon (Corg %) and soil reaction pH in water (pHzo). The same determinations were made
after harvesting sorghum, the plant that followed in the rotation after rye or ryetgreen cowpea
manure.

*ppm = parts per million (mg/kg)

The soil samples were recorded and conditioned in the laboratory, using standard methods for
determining soil fertility [41-43]:

- Niotat was determined by the Kjeldahl method;

- P-AL was determined by the Egner-Riem Domingo method, in which phosphates are extracted
from the soil sample with an ammonium acetate-lactate solution at pH-5.75, and the extracted
phosphate anion is determined colorimetrically in the form of blue molybdenum;

- K-AL was determined with the Egner—Riem Domingo method, by which the hydrogen and
ammonium ions of the extraction solution replace potassium ions in exchangeable form from the soil
sample, which are thus passed into the solution. The dosage of potassium in the solution thus
obtained is done by flame emission photometry;

- Corg was determined by the method of wet oxidation and titrimetric dosing (according to
Walkley — Blak in the Gogosa modification);

- The pH was determined by the potentiometric method.

b) Determinations of cowpea biomass incorporated into the soil

After harvesting the rye, every year from 2020-2022 the cowpea variety Aura 26 was sown, at a
distance of 25 cm between the rows, ensuring approx. 55 plants/m2. In order to evaluate the maximum
amount of biomass, observations and determinations of growth and development of the cowpea
plant were carried out (number of plants emerged, vegetation period, plant height, number of shoots
per plant, biomass production in the flowering phase and in the pod formation phase). In the
flowering phase of the plant, the number of nodules/root and the leaf surface index were determined
(no. plants/m? x no. leaves/plant x leaf surface). Leaf surface area was determined in the laboratory
using the AM 300 device as follows: the surface area of each of the 3 leaflets that make up the cowpea
leaf was determined and the measurements were summed. For the measurements, the leaves formed
at half the height of the plant were chosen.

c) Determinations regarding soil hydrophysical indices.

In the phase of maximum water consumption of the sorghum plant (phase of grain formation in
the panicle), soil samples were collected at 3 depths (H) 0-20 cm, 20-40 cm and 40-60 cm and
determined soil moisture (W%) through readings directly in the field using the ThetaKit device -
portable kit with accessories. 5 days before the collection of soil samples, the climatic conditions were
monitored daily, respectively: average air temperature (°C), rainfall (mm), relative air humidity (%).
Depending on soil moisture, soil hydrophysical indices were calculated, respectively: provision
momentary water (PMW, m¥ha ), water corresponding to the withering coefficient (WC, m?ha),
water corresponding to the field capacity for water (FCW, m3/ha), minimum water ceiling la sorg
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(MWC, md/ha), water reserve in (WR, m3/ha ), water deficit (WD m?ha), which is actually the
watering norm (WN, m®ha), according to the specialized literature [44-46], using the formulas:
PMW (m3/ha) =(100xHxDaxW)
(1) WC(m?3/ha) = 100xHxDaxWCsp
(2) FCW (m3/ha) =100xHxDaxFCWsp
(3) MWC(m?¥ha)=WC+1/2(FCW- WC)
(4) WR (m3ha) =PMW - MWC
(5) WD (m?ha) =PMW - FCW
(6) WN (m3/ha)=H x Da x (FCWsp-W) x 100
where:
H = soil depth (m)
W = soil moisture (%)
Da = the apparent density of the soil, depending on the depth of the soil sample, as follows: 0-20
cm = 1.38 g/cm?; 20-40 cm = 1.40 g/cm?; 40-60 cm = 1.42 g/cm?
WCsp=Withering coefficient specific to sandy soils = 2%
FCWsp= Specific water field capacity of sandy soil =9%

2.4. Statistical Analysis

The calculation and analysis of the obtained research results were carried out using the analysis
of variance (ANOVA) program at the significance level of 5%, 1% and 0.1% and mathematical
functions.

3. Results

3.1. Relationship of Cowpea and Sorghum Plants to Climatic Conditions

Climatological analysis from July to October (Table 1), the vegetation period of cowpea for
biomass, revealed optimal temperatures for the plant’s biology, with average values of 20.68 °C,
which exceeded the multiannual average by 1.79 °C, being favorable to the growth and development
of cowpea plants sown in succession, considering that the specialized literature mentions that from
germination to the end of the vegetation period, all the vital processes of the bean plant take place in
high temperature conditions, above 10° C. The rainfall regime, of 169.68 mm, was below the multi-
year average, being deficient for the growth and development of the cowpea plant, it being necessary
to supplement the soil moisture through the irrigation work (2-3 waterings with a watering rate of
250 m3 water/ ha). For the grain sorghum crop, the climatic conditions recorded during the vegetation
period (May-August) highlighted the increase in the drought phenomenon by increasing the air
temperature by 1.31 °C, compared to the multi-annual average, which corroborated with the recorded
precipitation, which -they were 27.74 mm below the multi-year average level, they led to an increase
in thermohydric stress in the area of sandy soils, and sprinkler irrigation was also applied to ensure
the plant’s water needs.

3.2. Features of Green Cowpea Manure

The experimental results obtained showed a good behavior of the cowpea variety Aura 26 in
successive culture (Table 2). Thus, by sowing between July 23-29, after harvesting the rye plant, the
cowpea plants registered a uniform emergence after 5-7 days from sowing. Determinations of cowpea
plant biometry, carried out at the time of incorporation into the soil as green manure, revealed an
average height of 94 cm, with 2.2 shoots/plant, 110.7 nodules/plant and a leaf area index of 12.5.
Biomass production recorded a maximum of 52.4 t/ha when the cowpea plant was in the pod
formation phase, after 70-85 days from emergence which coincided with the calendar period of
October 15-22.

Table 2. Biological and morphological characteristics of the cowpeavariety Aura 26, sown in
succession after rye.
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Characteristics 2020 2021 2022 Average
Date of sowing July 23 July 29 July 26 July 23-29
July 28 -
Plant emergence date July 28 August 6 August 2
August 6

The date of formation of the
October 20 October 15 October 22 October 15-22

grains in the pod
No plante/m? 55 55 55 55
Plant height (cm) 91.6 88.3 102 94
No. shoots/plant 2.2 1.2 3.1 2.2
No. nodules / root 116 95 121 110.7
Leaf area index 11.7 12.7 13.2 12.5

in the flowering

35.5 31 38.6 35.0
. phase
Biomass
. in the phase of

weight t/ha ) )

grain formation 56.4 42.4 58.5 52.4

in pods

3.3. Soil Chemical Quality Analysis

The statistical analysis of the evolution of some agrochemical indices of the soil, recorded after
the harvest of sorghum, compared to the initial fertility determined after the harvest of the preceding
rye plant, revealed the improvement of the soil content in total nitrogen, mobile phosphorus, mobile
potassium and organic carbon, both on the depth of 0-20 cm and on the depth of 20-40 cm, under the
influence of green cowpea manure and chemical fertilization with macroelements (Table 3). Thus, the
highest values of the content of total nitrogen, phosphorus and mobile potassium, as well as organic
carbon, were recorded in the variant in which 52.4 t/ha of cowpea biomass was incorporated into the
soil in the form of green manure + chemical fertilization with N150P80KS80, the increases being
statistically ensured, compared to the initial content of chemical elements for total nitrogen (0.028-
0.031%), mobile phosphorus (9.33-17.333 ppm) and mobile potassium (19.333-28.667 ppm). Organic
carbon values also increased by 0.11-0.13%, but the difference from the initial content was
insignificant. Soil pH determinations, carried out immediately after harvesting the rye, revealed a
moderately acid to neutral reaction (pH= 6.563-6.913). Unilateral fertilization with chemical fertilizers
with NPK, especially with increased doses of nitrogen, determined soil acidification, by recording in
the 0-40 cm soil profile a pH lower by 0.130-147 units, the difference being insignificant. The use of
green cowpea manure determined the improvement of soil pH, by increases of 0.010-0.054 units, on
the depth of 0-20 cm and by 0.157-0.172, on the depth of 20-40 cm, the increases being not statistically
assured (Table 3).

Table 3. Evolution of chemical quality indices on the soil profile under the grain sorghum crop placed
in different fertilization systems (2020-2023).

Soil
Culture system P-AL K-AL Corg
depth Niota1 (%) pHmzo
(A) (B) (ppm) (ppm) (%)

Initial soil fertility status
0-20 (Control)
cm No green cowpea manure +
N80P80KS80

0.064 52.333 67.000 0.592 6.913

0.066 55.333 66.667 0.597 6.877
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No green cowpea manure +
N150P80K80

0.073 57.333 72.333 0.599 6.783

With green cowpea manure +
N80P80KS80

0.081**  64.667**  79.000 0.601 6.967

With green cowpea manure +
N150P80K80
Awverage depth 0-20 cm (Control) 0,075 59.867 76.133 0.599 6.893

0.092%**  69.667*** 95.667***  0.605 6.923

Initial soil fertility status
(Control)

0.051 61.667 77.333 0.422 6.563

No green cowpea manure +
N80P80K80
20-40 No green cowpea manure +
cm N150P80K80

With green cowpea manure +

0.051 62.333 78.333 0.424 6.487

0.061* 67.667 86.333 0.425 6.417

0.069** 68.333 88.000 0.429 6.737

N80P80K80
With green cowpea manure +
0.082***  71.000*  96.667** 0.433 6.720
N150P80K80
Average depth 20-40 cm 0,063% 66.200 85.333 0.4270 6.585
LSD 5%  0.005 13.976 43.770 0.121 0.523
A LSD1%  0.011 32.275 101.078 0.280 1.206

LSD 0,1%  0.035 102.709  321.658 0.892 3.846
LSD 5%  0.010 7.964 12.658 0.028 0.199
LSD 1%  0.014 10.969 17.435 0.038 0.274

LSD 0.1%  0.019 15.101 24.002 0.053 0.378

**#*/000 — significant positive /negative for P>0.01; **/% - significant positive /negative P>0.1; **/0 - significant

AxB

positive /negative for P>0.5.

Analyzing the influence of the cropping system on soil quality, the best results were recorded
by combining organic fertilization in the form of green cowpea manure with chemical fertilization
(Table 4). In these fertilization options, very significant annual increases were noted in the total
nitrogen in the soil, respectively 0.017-0.029%, distinctly and very significant in extractable
phosphorus, respectively 9.5-13.333 ppm and in exchangeable potassium, respectively 11.333 -24
ppm and insignificant for organic carbon, of 0.008-0.012%, depending on the chemical fertilization
system of sorghum (Table 4). Also, the incorporation of green cowpea manure into the soil
contributed to the reduction of soil pH acidity by increases of 0.083-0.113 units, compared to the initial
value of 6.738.

Table 4. Evolution of soil quality indices, compared to the initial state of soil fertility, depending on
the grain sorghum cropping system (2020-2023).

P-AL K-AL Corg
Culture system Niotal (%) pHizo
(ppm) (ppm) (%)
Initial soil fertility status (Control) 0.058 57.000 72.167 0.507 6.738
No green cowpea manure +
0.059 58.833 72.5 0.510 6.682

N80P80KS80
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No green cowpea manure +

0.067* 62.5** 79.333 0.512 6.600
N150P80K80
With green cowpea manure +

0.075%** 66.5*** 83.500* 0.515 6.852
N80P80K80
With green cowpea manuret

0.087***  70.333**  96.167*** 0.519 6.822
N150P80K80
LSD 5% 0.007 5.631 8.951 0.020 0.141
LSD 1% 0.010 7.756 12.328 0.027 0.194
LSD 0.1% 0.014 10.678 16.972 0.037 0.267

**£/000 — significant positive /negative for P>0.01; **/% - significant positive /negative P>0.1; **/0 - significant
positive /negative for P>0.5.

The increase in soil organic carbon was positively correlated with the content of total nitrogen,
extractable phosphorus, exchangeable potassium and pHmo. The correlations are represented
graphically with the help of polynomial functions, and the values of the coefficients of determination
(R?) and the correlation coefficients (r?) underlined a close connection between the organic matter in
the soil and the content in macroelements, both on the soil profile 0-20 cm, as well as on the soil profile
20-40 cm. The analysis of the soil quality on the 0-20 cm soil profile (Figure 1) highlighted the
existence of some statistically significant correlations between the values of organic carbon in the soil
and the values of total nitrogen (r=0.985**), extractable phosphorus (r=0.975**) and exchangeable
potassium (r=0.997**) and insignificant with pH (r=0.461). The results recorded on the 20-40 cm soil
profile show the same trend of evolution of the content of macroelements and pHtzo, in relation to
the values of organic carbon in the soil (Figure 2).

'y (C org x K-AL)= 250815x2-297966x + 88561
R2=0,

Y (C org x Nt) = 153,14x2 -181,03x + 53,562
R2=0,9712
=0,985"

r=0.997" 0,09

N total (%)

Y(C org x P-AL)=73070x?- 86049x + 25385
R2=0,95
=0,975"

Y (C org x pH) = 1380,8x2- 1650,3x + 499,93 003
R2=0.213

P-AL (ppm), K-AL (ppm), pHiszo

1=0,461
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Figure 1. Significance of the interaction between organic carbon and N,P,K and pH values recorded
at 0-20 cm depth on the sandy soil profile.
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Figure 2. Significance of the interaction between organic carbon and N,P,K and pH values recorded
at 20-40 cm depth on the sandy soil profile.

3.4. Analysis of Soil Hydrophysical Indices under Grain Sorghum Culture in the Phase of Maximum Water
Consumption

Analyzing the climatic conditions recorded in the period 2021-2023 (Table 5), for a period of 5
days before the collection of soil moisture samples, high values of the average temperature in the air
were highlighted, which corroborated with a deficient regime of precipitation and a low relative
humidity in the air led to the accentuation of the drought phenomenon during the grain formation
phase in the panicle of the sorghum crop, which was sown in rotation after rye sorghum, a phase in
which the plant’s consumption of water is maximum. Under these conditions, soil moisture was
differentiated on the soil profile, depending on the cropping system (without/with green cowpea
manure incorporated into the soil) and chemical fertilization with NPK (Table 6). Thus, in the phase
of grain formation in the panicle, the soil moisture was differentiated according to the depth of the
soil and the culture system, registering very low values with limits in 2.47-3.97%, on the depth of 0-
20 cm, between 3.23-4.77% at the depth of 20-40 cm and in 3.70-5.63% at the depth of 40-60 cm. A
trend of increasing moisture on the soil profile was noted, with water being best conserved at a depth
of 40-60 cm, while the lowest values were recorded in the surface layer of the soil (0-20 cm), which it
was more exposed to water losses, both through runoff on the profile and through evaporation. The
use of green cowpea manure caused a better water retention in the soil, compared to the control
without green manure, so the moisture in the soil profile 0-60 cm increased by 1.22-1.62%, the
increases being significant from statistical point of view on the depths 20-40 cm and 40-60 cm. The
use of moderate doses of chemical fertilizers (N80P80K80), on an agrofund of green cowpea manure
incorporated into the soil, contributed to a better conservation of water in the soil, the average
moisture in the 0-60 cm soil profile being 4.79 %.

Table 5. Climatic conditions recorded for a period of 5 days before the collection of soil moisture
samples (2021-2023).

Average air temperature (°C) Rainfall (mm) Average relative air humidity
(%)
26.26-28.3 0-4 44.8-54.5

Table 6. Evolution of soil moisture at the depth of 0-60 cm under the sorghum culture during the
phase of grain formation in the panicle (2021-2023).

The experimental variant Soil moisture (W%)
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Culture system  Chemical Average
0-20 cm 20-40 cm 40-60 cm
fertilization W%
al. No green bl. N80P80KS80
2.80 3.30 4.07 3.39
cowpea manure (control)
b2. N150P80K80 2.470 3.23 3.700 3.14
Average al 2,63 3.27 3.88 3.26
a2. With green bl. N80P80KS80
3.97 4.77 5.63 4.79
cowpea manure (control)
b2. N150P80KS80 3.73 443 5.37 4.51
Average a2 3,85 4.60* 5.5* 4.65*
The LSD 5% 1.8 0.73 0.86 1.04
significance of LSD 1% 4.15 1.69 1.99 2.40
A LSD 0.1% 13.2 5.39 6.34 7.65
The LSD 5% 0.29 0.59 0.35 0.44
significance of LSD 1% 0.48 0.97 0.58 0.72
AxB LSD 0.1% 0.91 1.82 1.09 1.35

#H/000 — significant positive /negative for P>0.01; **/% - significant positive /negative P>0.1; **/0 - significant
positive /negative for P>0.5.

The calculation of soil hydrophysical indices (Table 7), according to the average moisture
calculated on the soil profile 0-60 cm, revealed a lower soil water reserve by 59.64-198.24 m3/ha,
compared to the minimum ceiling for water of the sandy soil of 462 m3/ha. Under these conditions,
during the phase of grain formation in the panicle, a water deficit was recorded in the soil between -
492.24... and -353.64 m3/ha, a deficit that must be ensured by watering norms between 353.64-492.24
md/ha. The highest water reserve in the soil and, implicitly, the lowest water deficit was recorded in
the variant fertilized with N80P80KS80, in a sorghum cultivation system on a land where green
cowpea manure was incorporated into the soil in the autumn of the previous year, the watering norm
to be applied being the lowest. By growing sorghum for grains in a culture system with green cowpea
manure, incorporated into the soil in the fall of the previous year, the watering norm applied during
the grain formation phase in the panicle is reduced by 116.34 m® water/ha.

Table 7. Hydrophysical indices of the sandy soil recorded during the maximum consumption phase
of the grain sorghum plant, depending on the cropping system and applied fertilization.

The experimental

variant MW
H Da PMW WC FCW WR WD WN
Cultu w
Chemical (m (g/cm (m*%h m3¥%h (m¥h (m¥%h (m¥%h (m%h
re (%) m3
fertilizati ) %) a) a) a) a) a) a)
syste a)
on
m
No - -
N80P80K 284.7 471,2
green 80 .6 3.39 1.4 6 168 756 462 1772 4712
cowp 4 4
ea - -
N150P80 263.7 492,2
manu K80 6 314 14 . 168 756 462 1982 4922

re 4 4
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3.26 274.2 i 4817
Average 06 14 ) 168 756 462 1877 4817
4 4
With -
NSOPSOK 4023 353,6
green 06 479 14 168 756 462 -59.64 353.6
80 6 4
cowp 4
ea -
N150P80 3788 3771
manu 06 451 14 168 756 462 -83.16 377.1
K80 4
re 6
Average 06 465 14 3906 168 756 462 -714 -3654 365.4

The analysis of the functional link between soil organic carbon and soil moisture, recorded at
the depths of 0-20 cm and 20-40 cm (Figure 3 a, b), revealed positive correlations, which reveal the
increase in soil moisture with the increase in the percentage of organic carbon, the interaction being
tighter on the 20-40 cm soil profile, the correlation coefficient (r=0.953%), being statistically assured as
significant.

iy = -39800x2+ 34263x - 7369,4
| R2=0,9083
=0,953"

5 w
+
+
*
¢

) 7

o %, %, % %, % %, %0, %6 %6, %6, % %G,
095 0505 0595 0509 U6 Osg; Gy Ceg; Ceoy; %605 Oy
Corg (%)
Corg(®)
+ W (%) on the 20-40 cm soil profile  ——Poli. (W (%) on the 20-40 cm soil profile)
+ W (%) on the 0-20 cm soil profile Poli. (W (%) on the 0-20 cm soil profile)
a b

Figure 3. a,b. Correlations between organic carbon content and soil moisture recorded at 0-20 cm (a)
and 20-40 cm (b) depths.

4. Discussion

The reduced fertility of sandy soils and the expansion of arid areas with visible accents of
desertification was the idea that I developed in this work, in order to orientate towards new concepts
in the effective utilization of sandy soils, soils with a low natural fertility, which would be included
in a sustainable agriculture system. In this sense, the effect of green cowpea manure on the chemical
and hydrophysical quality properties of the sandy soil was studied. The cowpea is one of the
leguminous plants that behaves very well in conditions of thermohydric stress, being successfully
cultivated in crop rotations in dry areas [47-49].The increase of 1.79 0C in the average temperature
from July to October, compared to the multi-year average (Table 1, Table 2) can allow the sowing of
cowpea in the successive crop after the harvest of the straw grains (rye) for green manure or even for
obtaining pods green [50]. The drought tolerance of the cowpea was highlighted by research carried
out at the University of Arkansas on some bean lines subjected to thermohydric stress in greenhouse
conditions, pointing out that many of them survived more than 40 days in excessive drought
conditions [51]. Intraspecific competition between plants, which takes place during the development
of the leaf system and the root system of the cowpea plant, has demonstrated that greater increases
in energy biomass can be achieved as the plant is grown in an area as similar as possible to that of
origin [52,53], Romania offering such an area in the south of Oltenia, named “Sahara Olteana”.
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The results obtained in our study showed an increase of 9.33-17.333 ppm in the content of mobile
phosphorus in the soil under the influence of incorporating into the soil 52.4 t/ha of cowpea biomass
in the form of green manure + chemical fertilization with N150P80K80 (Table 3), results that are also
confirmed by research carried out in Spain [54]. This research which highlighted the positive effect
of cowpea crop, introduced in crop rotations with broccoli, on soil fertility, by increasing the content
of available phosphorus in the soil after three crop rotations, by 30-120%, depending on fertilization,
compared with the practice of monoculture.

Also, green manure and a balanced fertilization according to the requirements of the sorghum
plant, had the effect of increasing the content of N, P-Al, K-Al, results confirmed by and other
authors, who showed that the incorporation of green manure into the soil improves soil total N, P205
and K20 and also the mineralizable N content [55]. Results obtained in India on the use of green
manures with different plants including cowpea (Vigna sinensis and Vigna radiata) have highlighted
their potential to improve the physical, chemical and biological characteristics of soil, ultimately
leading to improved crop yields in crops further [56], confirming the result obtained in this study,
whereby green cowpea manure improved the content of organic matter and nutritive elements in the
soil, which can be made available to plants in the rotation. The research carried out in this experiment
highlighted the positive effect of green bean fertilizer on the organic carbon content of the soil
through the annual accumulation of 0.008-0.012% organic carbon (Table 4), results that are confirmed
by data from the specialized literature, which showed that with the application of low and high levels
of green manure, the content of active organic carbon and the content of inert organic carbon in the
soil increased significantly with or without the application of P fertilizer [57]. Also the research
carried out in a doctoral thesis by Ion P. (1991), cited by [7], it shows that after three years of the
annual incorporation of bean biomass into sandy soil, an organic carbon accumulation of 0.034% was
recorded in the soil layer 0-20 cm, compared to the control without green manure, where 0.009%
accumulated. These accumulations of organic matter are small mainly due to the low isohumic
coefficient of sandy soils, of 8%. The cowpea, used as a green fertilizer, brings nutrients from the
deeper horizons into the arable horizon with the help of the roots and at the same time contributes to
increasing the efficiency of mineral fertilizers with N, P, K, the processes of washing nutrients in
sandy soils being very decreased due to biological retention by the plant used as green manure [58].
The research carried out at the NARDI Fundulea, in Romania, highlighted that the decrease in the
organic substance content of the soil through cultivation with plants, showing that the percentage of
organic carbon increases proportionally with the dose of nitrogen fertilizer applied to the plants,
results that were also confirmed in the experiment of in which the increase of the nitrogen dose to
150 kg/ha determined the increase of organic carbon in the soil by 0.002-0.004% compared to the use
of the dose of 80 kg/ha nitrogen, on the same agrofund of phosphorus and potassium [59]. Also results
obtained in Brazil showed that the use of green bean fertilizer caused a significant increase in the
content of exchangeable cations in the soil (K, Mg, Ca) under the Cassava crop [60]. Soil reaction was
another quality indicator that improved under the influence of green bean manure and moderate
NPK fertilization. The increase in the nitrogen dose to N150 determined the three-year average
reduction of the soil pH by 0.138 units (Table 4), sandy soils being exposed to acidification, as a result
of the application of increased nitrogen doses year after year to increase productions in cultivated
plants. Similar results were obtained in Central China, Henan province where cultivated land faces
the risk of accelerating soil acidification due to continuous excessive nitrogen application, increasing
the removal of base cations, while promoting crop yield and decreasing or even disappearing
carbonate material from the soil, and under these conditions of intensive agriculture the soil pH was
reduced by 0.36 units over a period of 10 years [61]. Our research revealed positive correlations,
assured as significant and distinctly significant, between soil organic carbon with total nitrogen,
extractable phosphorus and exchangeable potassium, and positive but non-significant correlations
between organic carbon and soil pHzo, with interactions stronger in the soil profile 0-20 cm (Figure
1, Figure 2). A similar relationship, was highlighted by the results obtained in Poland with the
difference that the values of the correlation coefficients revealed tighter links between organic carbon
with nitrogen and pH and weaker correlations between organic carbon with phosphorus and mobile
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potassium [19]. In the scenario of global climate change, drought is considered one of the abiotic
stress factors affecting plant growth and development, food security, and causing the greatest crop
losses [52,62]. Therefore, the efficient use of water by plants is becoming increasingly important in
arid and semi-arid regions with limited water resources. In order to establish water consumption, the
irrigation regime and the moment of application of watering, many factors must be taken into account
regarding the relationships and interrelationships between soil, plant and water in certain given
environmental conditions [63]. In this sense, the results presented in tables 6 and 7 underline the
implications of green cowpea manure and a rational NPK fertilization on increasing the capacity of
sandy soil to conserve soil moisture and this positively correlating with the increase of organic matter
in the soil (Figure 3, a, b), which leads to reduced water deficit and increased water use efficiency by
the grain sorghum plant. Soil water content outside the optimal limits characteristic for a species is a
stress factor with major implications on physiological processes in crop plants. Although sorghum is
a drought-tolerant crop, in conditions of heat and prolonged drought the plant reacts with significant
production losses. Water stress at the vegetative growth stage can reduce production by more than
36%, and water stress at the reproductive stage (panicle emergence-grain formation phase) can
reduce production by more than 55% [64]. In this direction, it will be necessary to expand the research
on the evolution of soil moisture and implicitly the hydrophysical indices of the soil throughout the
growing season of sorghum cultivated in different cropping systems, so as to correlate water
consumption with the degree of plant development. Also a future problem is the efficiency of
nitrogen use applied by the sorghum plant, by calculating the nitrogen exported with the main
production (grain production) and the secondary one (vegetable residues), in order to achieve a
management of fertilizers as friendly as possible to the environment.

5. Conclusions

The incorporation into the soil of 52.4 t/ha of green cowpea manure, associated with NPK
fertilization, determined the improvement of soil quality by recording annual increases in total
nitrogen by 0.017-0.029%, extractable phosphorus by 9.5-13.3 ppm, exchangeable potassium with
11.333-24 ppm and organic carbon with 0.008-0.012%, depending on the sorghum fertilization system.
Also, the incorporation of green cowpea manure into the soil contributed to the reduction of soil
pHmo acidity, by increases of 0.083-0.113 pH units and to the improvement of the water retention
capacity of the soil profile, so that the watering norm, from the phase of grain formation in the
sorghum panicle, was reduced by 116.34 m3 water/ha.
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