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ABSTRACT

Objective: To investigate the effect of biofertilizers and phosphorus rates on overall growth, biomass
production, chlorophyll content and yield of common bean Azufrado Reyna under field conditions.
Design/methodology/approach: Split plot in a randomized complete block design with four replicates and
four treatments (three phosphorus rates and the control). Growth index, growth components, aboveground
biomass and yield were evaluated.

Results: The phosphorus rates influenced the growth index, growth components, aboveground biomass and
yield with respect to the control; while the combination of biofertilizers positively interact with some of the
parameters evaluated.

Limitations on study/implications: The study only assessed the evaluation of agronomic parameters;
therefore, it is convenient to quantify the performance of biofertilizers in contrasting soil conditions.
Findings/conclusions: The aplication of biofertilizers with lower phosphorus rates had a positive effect on
grain yield, thus reducing the amount of chemical fertilizers. Also, the dry weight of grains showed the highest
correlation with grain yield.

Keywords: microorganisms, fertilization, common bean.

INTRODUCTION

Common bean (Phaseolus vulgaris L.) is a crop well adapted to diverse soil and climatic
conditions. Moreover, its nutritional importance is associated with its content of vitamins
and minerals, which are essential components of the human diet (Abebe and Mekonnen,
2019). Crop yield is mainly affected by biotic factors, such as diseases, and abiotic factors,
including crop management, irrigation, fertilization, drought, temperature variability, and
soil fertility status (Obssi et al., 2022). However, the genetic and physiological potential of
different varieties may vary in terms of nutrient use efficiency (Shanka et al., 2016). The
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application of high rates of phosphorus (P) fertilizers has contributed to P accumulation
in forms unavailable for plant growth. In this regard, several studies have shown that the
application of 50 kg ha™! P,O; increased the yield of field crops (Hossain et al., 2011;
Shanka et al., 2016). These findings are consistent with those reported by Ruelas-Islas
et al. (2018), who found that a moderate P fertilizer rate of 50 kg ha™! P,O; promoted
biomass accumulation, as well as growth and yield parameters, in bean cv. Azufrado
Higuera in northern Sinaloa, Mexico. Other studies have shown that the application of
microorganisms as biofertilizers improves nutrient availability, increases productivity, and
reduces the need for P fertilization (Sharma et al., 2020; Pirttild ez al., 2021). Accordingly,
Gonzdlez-Marquetti et al. (2021) found that inoculation with the combined application of
Trichoderma asperellum + Azofert® (Rhizobium leguminosarum strain CF1) in common bean
cv. ‘BAT-304’ favored growth parameters and increased the expression of defense enzymes.
Mora et al. (2024) reported that plants treated with Zrichoderma sp. exhibited a more
complex architecture, with thicker stems and greater root volume. Likewise, Mohamed
et al. (2019) stated that inoculation with Bacillus subtilis, Pseudomonas fluorescens, and
mycorrhizae, either individually or in co-inoculation (B. subtilis + AMY and P. fluorescens
+ AMF), increased Fe and P uptake in bean plants compared with non-inoculated plants.
Similarly, Hoyos-Carbajal et al. (2015) found that strains of Zrichoderma harzianum and T.
asperelloides enhanced the concentrations of Ca, Mg, K, Fe, and Cu in the foliar tissues
of plants grown in soil with andic properties. Based on the above, the effect of microbial
biofertilizers in combination with phosphorus on the growth, yield, and yield components

of common bean cv. Azufrado Reyna was evaluated under field conditions.

MATERIALS AND METHODS

The experiment was conducted during the 2022-2023 season in a plot belonging to
a cooperating grower (25° 47° 57.29” N, 108° 48’ 34.99” W). The soil in this region is
classified as clay loam, with low organic matter content (>1%) and a bulk density of 1.15
g cm ™%, The tillage practices employed were those described in the crop production
handbook (INIFAP, 2017). Planting was carried out in moist soil using the Azufrado Reyna
variety at a density of 180,000 plants ha~'. Weed and pest management were effectively
maintained throughout the season. Nitrogen and phosphorus fertilizers were applied pre-
plant using Urea® and MAP®.

The treatments consisted of three phosphorus rates (P,O;): T1, 0 kg ha™!; T2, 25 kg
ha_l; and T3, 50 kg ha™!, in addition to the control treatment. Seeds were inoculated
at the recommended rate with Bs® (Bacillus subtilis), Funqui® (Trichoderma viride, Tr),
and mycorrhizae (M). The experiment was established as a split-plot arrangement in a
randomized complete block design with four replicates. Phosphorus rates were assigned
to the main plots (40 mQ), whereas biofertilizer inoculation was assigned to the subplots (4
rows arranged linearly within each main plot).

Variables
Measurements were taken from three plants per treatment to estimate the growth index
(GI) [height + width (east to west) + width (north to south)/3], as proposed by Atland (2003)
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and Torres-Bojérquez et al. (2017). Additionally, NDVI readings were recorded to relate
these values to biomass production as an indirect measure of crop growth. The Trimble®
sensor was placed approximately 50 cm above the plant canopy, generating readings
between —1 and +1, where green areas exhibit positive values, whereas areas with sparse
vegetation display low or negative values (Johansen and Temmervik, 2014). SPAD values
were also recorded as the average of three prior readings taken from the middle section
of the plant and the central part of the leaf, excluding the midrib. Dry matter sampling
consisted of removing one meter of plants from each plot. The material was weighed,
dehydrated at ambient temperature, and subsequently placed in a forced-air oven (70 °C)
until constant weight was reached. At the end of the season, yield and its components

were determined from the two central rows and adjusted to 14% moisture content.

Statistical analysis

All data were subjected to a normality test (Shapiro and Wilk, 1965) and to the
appropriate analysis of variance. Pearson correlation models were fitted and tested for
significance at p<0.05 (Minitab”®, 2018).

RESULTS AND DISCUSSION
Growth index (GI) and growth components

Overall, P rates positively influenced the growth index (GI) throughout the season,
reaching maximum values at 60 DAP (pod development). Likewise, inoculation with
biofertilizers exerted a slight influence on this index, with no statistically significant
differences among treatments except for the control (Table 1). The interaction effect showed
no significant differences in GI in treatments without phosphorus but inoculated with
biofertilizers at 30 DAP. The highest GI (54.5 cm) was obtained in treatments inoculated
with Trichoderma at the rate of 25 kg P,O;, whereas a GI of 52.5 cm was recorded for the
treatment inoculated with Bacillus subtilis at the rate of 50 kg P,O;. At 90 DAP, treatments
inoculated with mycorrhizae and supplied with 50 kg P,O5 exhibited the highest GI (55
cm), followed by treatments inoculated with Zrichoderma and Bacillus subtilis. However,
the lowest values were recorded in treatments without inoculant and without phosphorus
throughout the season (Figure 1). Studies conducted by Ruelas-Islas et al. (2018) observed
that Gl increased during flowering in bean cv. Azufrado Higuera and reached its maximum
at the onset of pod filling, after which it declined as the crop approached maturity (100
DAP), particularly in treatments fertilized with 50 and 100 kg ha ™ P,0;.

The evaluated growth components differed significantly among treatments involving
phosphorus, biofertilizers, and their interaction (p<0.03). The greatest root length
(24.6 cm), stem diameter (7.7 mm), root fresh and dry weight (29.3 and 21.2 g plant_l,
respectively), and stem dry weight (59.6 g) were recorded in plants fertilized with 50 kg
ha™! P,O; (Table 2). These findings are consistent with those reported by Shanka et al.
(2016), who observed a significant increase in root length in response to high phosphorus
levels, and by Alemu et al. (2018), who recorded the longest root (23.57 ¢cm) in the cultivar
Tatu at a rate of 69 kg ha ™' P,O;. Plants inoculated with mycorrhizae exhibited greater
root length (29.9 cm), thicker stems (9.2 mm), higher root fresh and dry biomass (38.5 and
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245¢ plant_l, respectively), and greater stem dry weight (77.8 g plant_l) compared with
non-inoculated plants. These results are in agreement with those of Gabre et al. (2020),
who found that inoculation with Rhizobium tropici and co-inoculation with R. tropici +
T asperellum + B. subtilis produced the highest stem dry weight and longest root length
in field-grown bean plants. Furthermore, Rodriguez-Gonzadlez et al. (2022) reported that
bean plants inoculated with Zrichoderma 'Ta37-23.74 showed increased shoot and root dry
weight (4.22 and 0.62 g, respectively) compared with insect-damaged plants treated with
the same strain. Likewise, Nayeema et al. (2022) observed a significant increase in root
length (58, 54, and 42 mm) and stem length (78, 75, and 71 mm) following seed inoculation
with different strains of Trichoderma viride. The interaction effect revealed that inoculation
with mycorrhizae combined with 50 kg ha ™" P,O4 was the most effective treatment for
promoting growth and increasing root length. Similarly, Ruelas-Islas et al. (2018) reported
the greatest stem diameter (5.0 mm), root fresh and dry weight (15 and 4.6 g, respectively),
and stem dry weight (30 g) in plants fertilized with 50 kg ha ! P,Oj5, with no effect attributed
to Bacillus subtilis.

Table 1. Growth index as a function of time.

Days after planting

Treatments 30 60 90
0 448D 50.2b 39.7¢
25 485 a 57.3a 44.9b
50 48.8 a 58.6a 51.2a
(p=0.05) 0.001 <0.001 <0.001
B. subtilis (Bs) 50.2 a 60 a 49 a
Trichoderma ('Ir) 50 a 6l.2a 48.7 a
Mycorrhizae (M) 49.3 a 62 a 50a
Control (test) 44.3 b 554 a 445 a
(p=0.05) 0.001 0.2 0.2
PxBF 0.001 0.1 0.001

"Means with different letters within a column are statistically different
(Fisher P=0.05). PXBF": interaction phosphorus-biofertilizer.

E30 @90 paApP
60

Growth index (cm)

0Bs OM OTr Otest 25Bs 25M 25Tr 25test 50Bs 50M 50Tr SOtest

Figure 1. Growth index as a function of phosphorus and biofertilizers.
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Table 2. Effect of phosphorus and biofertilizers in growth components at 60 DAP.

RL SD FRW DRW SDW
Treatments (cm) (mm) (g plant™ 1) (g plant™ 1) (g plant_l)

Okgha_1 18b 46D 18.7b 50b 40.5 b
25 kg ha™! 19.5b 6.9a 24.8 ab 17.5a 52 ab
50 kg ha™! 246a 7.7 a 29.3a 21.2a 59.6 a
(p=<0.05) <0.001 <0.001 0.003 0.001 <0.001
Bs 22.4b 74b 23.3 ¢ 18.6 a 50b
Tr 22.8b 59¢ 28.3 b 10.2 b 51.8b
M 29.9 a 9.2a 35.8a 245a 77.8 a
Control (test) 15.6 ¢ 4.8¢ 16.4d 4.7 ¢ 359 ¢
(p=<0.05) <0.001 <0.001 <0.001 <0.001 <0.001
Interaction
50 M 36.6 a 10.2 a 41.0a 37.6a 90.3 a
25M 23.0b 9.4b 29.3 be 31.3b 78.6 b
50 Tr 23.0b 7.2d 31.6b 15.3d 56.3 ¢
oM 22.6b 52ef 27.6 ¢ 44f 55.0 ¢
50 Bs 24.0b 8.7 bc 26.3 cd 28.3 b 54.3 ¢
25 Bs 21.3 be 8.1c 23.0 de 243 ¢ 47.6d
25 Tr 19.1 cd 54e 27.6 ¢ 93¢ 44.0d
0 Bs 19.0 cd 4.5 g 16.6 f 4.7f 42.3 de
0Tr 17.0 de 5.1ef 20.0 ef 50f 41.5 de
50 test 15.0¢ 4.8 ef 18.3f 3.7¢f 37.6¢
25 test 14.6 e 4.9 ef 19.2f 5.1f 37.6¢
0 test 13.6 e 40g¢g 11.3¢ 59f 23.3f
(p=0.05) <0.001 <0.001 <0.001 <0.001 <0.001

"Means with different letters within a column are statistically different (Fisher P<0.05).

RL: root length, SD: stem diameter, FRW: fresh root weight, DRW: dry root weight, SDW: stem dry weight.

Biomass Production

Maximum dry matter accumulation was recorded in plants treated with 25 kg ha™!
P,0O5 (6,257 kg ha_l). However, this accumulation decreased slightly in plants fertilized
with 50 kg ha™! P,0O5 (5,520 kg ha_l) (Figure 2). These results are consistent with
those reported by Alemu et al. (2018), who found that maximum dry matter production
occurred in the cultivar fertilized with 69 kg ha™ ! P, Oy, attributing this effect to enhanced
nutrient availability promoted by root development and biological nitrogen fixation. In
addition, biofertilization was observed to differentially influence the pattern of biomass
accumulation at each applied P rate. The interaction effect showed that the highest dry
matter accumulation was recorded in plants treated with 25 kg ha™! P,O; and inoculated
with Bacillus subtilis (7,639 kg ha™ 1) and mycorrhizae (6,304 kg ha™ 1). This accumulation
declined in plants receiving the higher P rate, with no significant differences attributable
to inoculation (Figure 2). In other crops, Quintarelli ¢ al. (2025), Roussis et al. (2022),
and Mohanty et al. (2021) reported that microbial biofertilizers stimulated root growth,
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promoted higher nutrient uptake, and ultimately increased aboveground biomass and

overall productivity.

otest @ABs @Tr @M

Total biomass kg ha*

]
=)

25 kg P

Figure 2. Influence of phosphorus and biofertilizers in biomass production.

Normalized Difference Vegetation Index (NDVI)

At present, this index is widely used to evaluate crop canopy characteristics
(Reinermann et al., 2020), leaf area index (Tan et al., 2020), as well as nitrogen content
(Elazab et al., 2016). In this study, NDVI and SPAD values were recorded to monitor
potential nutrient deficiencies and crop vigor throughout the growing season. NDVI
values increased with increasing phosphorus application, reaching 0.86 at the pod-filling
stage (75 DAP), and subsequently declined to 0.4 as the crop progressed toward maturity
(Table 3). These results are consistent with those reported by Farias et al. (2023), who
found that NDVI values in soybean fertilized with PK at two different times (at planting
and post-planting) increased from the vegetative stage (V2), reached their maximum
during the reproductive stage (R4), when leaf area index was highest, and then declined as
the plants entered senescence due to chlorophyll degradation. No statistically significant
differences were observed among treatments inoculated with biofertilizers. Nevertheless,
the values recorded were consistent with those described above at the same phenological
stages. The inoculation X fertilization relationship revealed high NDVI values (0.86),
particularly in treatments receiving 50 kg ha™! P,O; combined with mycorrhizae.
However, inoculation with Bacillus and mycorrhizae showed no effect in treatments
without phosphorus application (Table 3).

In agreement with these findings, Mthiyane et al. (2024) reported the highest NDVI
values (approximately 0.75) under inorganic fertilization, biofertilization, and combined
organic fertilization + biofertilization, indicating adequate chlorophyll content and
vigorous growth in rice. Likewise, Quintarelli e al. (2025) demonstrated that NDVI
readings in tomato increased from 12 DAT to 36 DAT, reaching values of approximately
0.8, and subsequently declined following inoculation with two microbial biofertilizers
(Mycosat F®: mycorrhizae + Streptomyces, and Mycoup®: mycorrhizae + rhizosphere
bacteria).
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Table 3. NDVI values as a function of time.

Days after planting
Treatments

15 30 45 60 75 90
0 0.71 0.81b 0.81b 0.81b 0.58b 0.33 ¢
25 0.73 0.84a 0.85a 0.84 a 0.65 a 0.42b
50 0.73 0.84a 0.86 a 0.84 a 0.70 a 0.48 a
(p=0.05) NS <0.001 <0.001 0.08 <0.001 <0.001
Bs 0.74 0.83 0.85 0.84 ab 0.63 0.39
Tr 0.73 0.84 0.85 0.84 ab 0.65 0.41
M 0.71 0.84 0.85 0.85a 0.68 0.44
Control (test) 0.71 0.83 0.85 0.81b 0.63 0.38
(p=0.05) NS NS NS 0.1 NS NS
Interaction
50 M 0.70 0.84 ab 0.87 a 0.86 a 0.75a 0.51 a
25 M 0.72 0.85a 0.86 abc 0.85 ab 0.72 ab 0.51a
50 Bs 0.74 0.85a 0.86 ab 0.85 ab 0.69 abcd 0.47 a
50 test 0.71 0.85a 0.87 ab 0.85 abc 0.70 abc 0.47 ab
50 Tr 0.71 0.84 ab 0.85 bed 0.83 cde 0.67 abced 0.46 ab
25Tr 0.76 0.85 a 0.87 ab 0.85 abc 0.66 bed 0.44 abc
25 Bs 0.73 0.83 abc 0.86 abc 0.85 ab 0.64 bede 0.38 bed
25 test 0.69 0.84 ab 0.84 cd 0.83 bede 0.60 de 0.35 cd
0Tr 0.72 0.83 ab 0.84 cd 0.84 abcd 0.61 cde 0.35 cd
0 test 0.74 0.81 cd 0.84 cd 0.81le 0.61 de 0.33d
0 Bs 0.76 0.80d 0.83d 0.82 de 0.57 ¢ 0.33d
oM 0.73 0.82 bed 0.84 cd 0.84 abcd 0.57 ¢ 0.31d
(p=0.05) NS 0.03 0.009 0.01 0.003 <0.001

"Means followed by distinct letters are statistically different (Fisher p<0.05).

Greenness Index (SPAD)

Statistically significant differences in SPAD values were observed at 60 and 90 DAP,
with higher values recorded in treatments receiving elevated phosphorus rates. These
values also increased as a function of inoculation (p=<0.05), and the phosphorus X
biofertilizer interaction exerted a distinct influence, such that the highest values were not
consistently associated with the same biofertilizer across treatments (Table 4). Several
studies have indicated that SPAD values are directly associated with chlorophyll content,
with readings ranging from 0 to 99 in proportion to chlorophyll concentration (Basyouni
and Dunn, 2015). Mthiyane et al. (2024) recorded the highest chlorophyll content (33
to 47 SPAD units) in treatments combining organic fertilization and biofertilizers,
surpassing the other fertilization treatments. Similarly, Redondo-Gémez et al. (2023)
reported that biofertilizers influenced chlorophyll content as well as Fe and Zn uptake.
Other studies have shown that biofertilizers promote chlorophyll synthesis by improving
the bioavailability of N and Mg, thereby enhancing photosynthetic capacity (Sarkodee-
Addo et al., 2021; Shan et al., 2023).



AGRO PRODUCTIVIDAD 2026. https://doi.org/10.32854/xc6hy372 94

Table 4. Greenness index (SPAD) values as a function of time.

sttt Days after planting

30 60 90
0 35.2 28.1b 21.8b
25 35.3 29.3 ab 22.8 ab
50 36.4 29.8 a 23.5a
(p=0.05) NS 0.08 0.07
Bs 37.6a 29.6 ab 23.6a
Tr 35.2b 30.1a 29.6 a
M 34.7Db 28.6 ab 22.5 ab
Control (test) 35.0b 27.9b 21.4b
(p=0.05) 0.04 0.06 0.04
Interaction
0 Bs 37.9a 28.7 abc 22.5 abed
0Tr 36.1 ab 30.0 ab 23.6 abc
oM 33.7 be 27.1 be 21.1 cd
0 test 33.2bc 26.7 ¢ 20.0d
25 Bs 37.4a 30.1 ab 23.5 abc
25Tr 35.8 ab 30.7 a 24.0 ab
25 M 319 ¢ 28.2 abc 21.9 bed
25 test 36.1 ab 27.9 abc 21.7 bed
50 Bs 37.5a 30.0 ab 23.5 abc
50 Tr 33.9 bc 29.6 abc 23.3 abc
50 M 38.5a 30.6 a 24.6 a
50 test 35.8 ab 28.9 abc 22.5 abed
(p=0.05) 0.02 0.1 0.04

"Means followed by distinct letters are statistically different (Fisher p=<0.05).

Yield and Its Components

Yield components differed significantly in response to the applied phosphorus rates.
The highest weight of 20 pods (272.5 g) was recorded in plants fertilized with 50 kg ha™!
P,O;. Grain weight was very similar in plants treated with 25 kg ha ™' P,O; (183.5 g) and
50 kg ha™" P,O; (192 g), whereas the lowest value was observed in the control plants.
No statistically significant differences were detected in 100-grain weight (Table 5). In this
regard, Alemu et al. (2018) reported a 100-grain weight of approximately 37.7 g plant_1 and
a total yield of 2,821 kg ha™ " with the application of 69 kg ha™" P,O,. Uddin et al. (2018)
found that the BARI Jharseem-3 variety, combined with 1.5 kg ha™' borax, produced the
highest 1,000-seed weight (412.74 g), seed yield (1.54 Mg ha_l), and biological yield (4.59
Mg ha™!). Likewise, Mckonnen and Saliha (2018) reported that fertilization with 100 kg
ha~ ! NPSZnB maximized grain yield, 100-grain weight, and harvest index in the common
bean variety Hawassa Dume in southern Ethiopia. IF'urthermore, biofertilization showed
that plants treated with mycorrhizae increased pod weight (272 g), grain weight (190 g), and
100-grain weight (44 g) (Table 5). The interaction effect revealed that plants treated with
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50 kg ha™! P,O5 + Bs + mycorrhizae exhibited the greatest pod weight (302.6 g and 287
g). Grain weight was higher in plants treated with 25 kg ha™"' P,O5 + M (222 g) and 50 kg
ha™! P,O5 + Bs, whereas 100-grain weight was highest (47 g) in plants treated with 25 kg
ha~! P,O; + Tr (Table 5). It was also observed that unfertilized and non-inoculated plants
attained a yield of 2.8 Mg ha™'. In contrast, plants fertilized with 25 kg ha™! P,O; and
inoculated with Bs and mycorrhizae achieved the highest yield (3.1 Mg ha_l) compared
with the remaining treatments. Plants treated with 50 kg ha™"' P,O; + Bs + mycorrhizae
attained a slightly higher yield (3.3 Mg ha_l) (Figure 3). Gabre et al. (2020) reported that
co-inoculation with R. tropici + T. asperellum increased the number of pods, the number of
grains per pod, and the highest common bean yield (3,185.50 kg ha™ 1), whereas treatments
inoculated with B. subtilis attained a yield of 3,152.64 kg ha~!. These findings are also
consistent with those of Carrillo ef al. (2020) and Wang et al. (2022), who reported that plant
growth-promoting microorganisms (PGPM) enhanced plant vigor, stimulated flowering,
and increased tomato yield. Similarly, Chdvez-Rea and Vazquez-Guzman (2021) reported
that the application of 500 mL of Bacillus subtilis (NITO®) favored the yield of bean cv.

Centenario (3.7 kg ha_l) and also increased the concentration of available phosphorus

(352 ppm).

Table 5. Yield components of common bean.
Treatments Dry weight of pods (g) Grain dry weight (g) Weight of 100 grains (g)

0 230 b 158 b 375a
25 253 ab 183.5a 39.4a
50 272.5a 192 a 40.2 a
(p=0.05) 0.003 <0.0001 0.002
Bs 264 ab 180 ab 38b
Tr 240 ab 165 b 44 a
M 272 a 196 a 44 a
control (test) 231b 170 b 32c
(p=0.05) 0.01 <0.0001 <0.0001
Interaction
0 Bs 244 bedef 158 ef 36 gh
0Tr 231 def 169 de 40.5 def
0M 245 bedef 162 de 41 cde
0 test 209 f 145 f 311
25 Bs 253 bedef 174 d 38 fg
25 Tr 265 abcde 167 de 47 a
25M 284 abc 222 a 43 bed
25 test 265 abcde 172 de 33 hi
50 Bs 302.6 a 209 ab 37¢
50 Tr 224 ef 159 ef 44b
50 M 287 ab 205 be 43.8 be
50 test 275.5 abed 193 ¢ 33 hi
(p=0.05) 0.04 <0.0001 0.009

"Means followed by distinct letters are statistically different (Fisher p=<0.05).
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Figure 3. Influence of phosphorus and biofertilization on total yield.

Relationship Between Yield and Its Components

Correlation analysis revealed a positive relationship between yield and 100-grain weight
(r=0.50). The heaviest grain sample (45 g) was associated with the highest yield (>3.0
Mg ha™") in plants fertilized with 50 kg ha™' P,O; (Figure 4A). Likewise, a positive and
significant correlation was observed between yield and total grain dry weight (r=0.69). The
highest yield values were associated with greater grain dry weight (Figure 4B). Arriagada
et al. (2023) reported a positive correlation between 100-grain weight and yield in native
lines from Central and South America. Similarly, Tola et al. (2023) indicated that total
seed weight positively contributed to yield variability. Demessie et al. (2024) also found
a positive and significant correlation between yield and the number of pods per plant,
seeds per pod, and total biomass in 12 bean varieties grown at two locations in Ethiopia.
Other studies have likewise reported a significant and positive correlation, particularly for
components such as number of pods per plant and grain yield (Contreras-Rojas et al., 2024;
Kalauni and Dhakal, 2020; Jasim and Esho, 2020). In contrast, Tapia et al. (2022) found
that the percentage reduction in pods was negatively related to the percentage reduction
in yield. Similarly, Diaz et al. (2022) reported a negative correlation between yield and its
components in common bean. Finally, Gabre et al. (2020) stated that yield was directly
related to biomass, root dry weight, 1,000-grain weight, and grains per plant, arguing
that the use of plant growth-promoting rhizobacteria (PGPR) + Rhizobium stimulated root
development, biological nitrogen fixation, and nutrient uptake, which ultimately had a

positive impact on total yield.

Relationship Between Biomass and NDVI-SPAD Values

As shown by the data, NDVI values (approximately 0.50) were positively correlated
with the highest biomass production at maturity (5,500 kg ha_l) in plants inoculated and
fertilized with 50 kg ha™! P,O5 (Figure 5A). In this regard, Farfas et al. (2023) found a
positive correlation between soybean biomass (5,000 kg ha_l) and NDVT values (0.90).
Werner et al. (2018) reported an NDVT saturation effect during the reproductive stages of
soybean, characterized by stable NDVT values despite increased shoot biomass. In addition,
Andrade et al. (2022) found a positive relationship between NDVI values and biomass, leaf
area index, and soil cover fraction. Likewise, Sarmiento et a/. (2020) used NDVI values to
predict phenological stages and biomass production in soybean.
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Figure 4. Correlation of yield and its components.

A positive, although not significant, correlation was also observed between SPAD
values (24-25) and the highest biomass accumulation (5,500 kg ha_l) (Figure 5B). Szulc et
al. (2021) found that humidity and heat influenced SPAD leaf greenness, whereas direct

planting reduced chlorophyll content in silage maize.

7000 A
6500 |
6000 }
5500 | Vg_’//‘a”%/o
5000 +

4500 |
4000 } y=3995.0x+ 3942 7
3500 | gty

3000 . . )
0.25 0.35 0.45 0.55

NDVI values

Total biomass (kg ha™')
o)
o]

7000
6500 r
6000 r
5500 r
5000 r
4500

4000 r y=202.8x- 1147 4

L R=050
3500 B=0.00

3000 . - 4
19 21 23 25
SPAD values

Figure 5. Correlation of biomass with NDVI (A) and SPAD values (B).

o

Total biomass (kg ha™)
o




AGRO PRODUCTIVIDAD 2026. https://doi.org/10.32854/xc6hy372 98

CONCLUSION

The application of phosphorus at rates of 50 kg ha™! or lower, in combination with
biofertilizers, is recommended to improve the agronomic performance, overall growth, and
yield of common bean cultivated in undisturbed soils under temperate climatic conditions.
Further research should evaluate different plant growth-promoting microorganisms across
diverse soil types under reduced fertilization regimes in order to determine whether yield
can be sustained.
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