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Response of germination traits of two bean species (Pachyrhizus erosus
and Phaseolus vulgaris) to fertilizer treatments under drought stress
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Extended abstract

Introduction: Germination and seedling emergence are among the most critical developmental stages in
crop plants, significantly influencing subsequent growth stages in the field. These traits are directly linked to
seed vigor and potential. The application of organic and biofertilizers can enhance seed and seedling vigor,
enabling them to withstand environmental stresses such as drought and aridity. To investigate this, the effects
of drought stress and fertilizer treatments on germination indices of two plant species (red bean (Phaseolus
vulgaris L.) and Yam (Pachyrhizus erosus (L.) Urban) were examined.

Materials and methods: The seeds of Yam and red bean (Goli variety) were subjected to four levels of
drought stress (0, -6, -9, and -12 bar) and four fertilizer treatments: control (no fertilizer), optimal biological
fertilizer (EM), optimal organic vinasse fertilizer, and a combination of biological and organic fertilizers (at
optimal levels). A factorial experiment was conducted based in a completely randomized design with three
replications at the University of Shahrekord during the 2022-2023 growing season.

Results: The results revealed that the triple interaction of plant species, fertilizer treatments, and drought
stress had a significant effect (p < 0.01) on germination percentage, germination rate, seed vigor index, shoot
and radicle length, as well as fresh and dry weights of shoots and radicles. Under non-stressed conditions, the
Yam species treated with combined fertilizers exhibited the highest mean values for germination percentage
(100%), germination rate (42.5 seeds/day), seed vigor index (8.55), shoot length (5.66 cm), shoot fresh
weight (0.69 g), shoot dry weight (0.12 g), radicle fresh weight (0.77 g), and radicle dry weight (0.11 g).
Under moderate drought stress (—9 bar), the mean radicle length of Yam treated with combined fertilizers
was 6.33 cm.

Conclusion: In this study, the application of fertilizer treatments enhanced greater tolerance to water
stress conditions and reduced water potential, while drought stress treatments led to a decline in the examined
traits in both bean species. However, the Yam species demonstrated superior drought stress tolerance
compared to the red bean, making it a more suitable option for cultivation under drought stress conditions.
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Highlights:

1. The novelty of Yam in Iran and the lack of information on the germination and growth
characteristics of this plant.

2. Due to the presence of rotenone in Yam seeds, there was no information about interaction of
fertilizer with seed germination traits.

3. Since Yam is a multipurpose plant with both seed and tuber uses, there was no available data on
how its germination traits compare to those of a similar plant, such as beans.
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Table 1. Results of analysis of variance of seed germination traits of Yam been and red bean.
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.. CA OO ! K ot oo Seed a
Sources of variation 2 &5 goljl germination  Germination vigor Hypocotyl Hyvocotvl
DF  percentage rate vig length ypocoty
index FW
Species R 5828.166" 421.011" 110.124™ 33.606™ 0.166™
Drought-stress S s 3 30508.694™  4409.357™ 192.807" 55.620" 0.348"
Fertilizer treatment @088 sl 3 356.194" 148.869™ 7.115™ 3.071% 0.041"
;IEZSC;“ x drought- Sas goXas 3 715.361" 28.710" 15209 2.646™ 0.018™
Species x fertilizer - ns ns - . ns
s
treatment 6355 Lo XaigS 3 4.083 2.079 0.862 0.038 0.0031
- X x L v} k¥ *k *%k *k *
Drought-Stress ST 24203 8.325 0.402 0.140 0.0057
fertilizer treatment 6355 Jlags
Species x drought- Sin ai X aief
stress x fertilizer o "’S 9 18.092° 3.110™ 0.102" 0.0401" 0.0079™
treatment 6255 Jles X
Error Ls 64 8.531 1212 0.032 0.012 0.0028
Coefficient of R 5.35 535 477 3.61 1136
variation (%) (3,3)

Qo0 ) 50 Jiol mhaw 10 (il pae i 4 g % (6o sixe pac NS
ns: non-significant, *, **: significant at 5% and 1% probability levels, respectively
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Continued Table 1.
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DF length Radicle DW
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Drought-stress i A 3 0.012" 78.833" 0.342" 0.014™
Fertilizer treatment @S Jles 3 0.0013™ 1.720™ 0.039” 0.00097""
Species x drought-stress i XS 3 0.0014™ 5.090"™ 0.0108" 0.00094""

i X ili * Q
tsrngrf:m fertlizer 6995 jles XS 3 0.000046™ 0.065 0.0038™ 0.00012™
]f?;ZLlllgz}:rfrg:;;m @05 Jles X Sis a5 9 0.0001" 0.075™ 0.0061" 0.00011™

1 X - LMX ;—““; L5 X a5eS 5 P Aok *
Spfe‘”?l? drought-stress SEXE 0.00018 0.073 0.0066 0.0002
x fertilizer treatment 89S
Error bs 64 0.000078 0.025 0.0016 0.00009
Coefficient of variation (o) Sy a5 i 11.54 536 741 15.55

(%)

aoy ) 50 Jlaasl mhw 3 (g)ls gixe i 4

ns: non-significant, *, **: significant at 5% and 1% probability levels, respectively
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Figure 2. Comparison of the mean of the species x fertilizer x drought-stress interaction on the trait Germination
rate of Yam been and red bean seeds (Columns with the same letters are not significantly different according to

the LSD test at the 5% probability level.)
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Figure 3. Comparison of the mean of the species x fertilizer X drought-stress interaction on the trait Seed vigor

index of Yam been and red bean seeds (Columns with the same letters are not significantly different according to
the LSD test at the 5% probability level.)
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Figure 4. Comparison of the mean of the species x fertilizer x drought-stress interaction on the trait Hypocotyl
length of Yam been and red bean (Columns with the same letters are not significantly different according to the

LSD test at the 5% probability level.)
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Figure 5. Comparison of the mean of the species x fertilizer x drought-stress interaction on the trait Fresh
weight of hypocotyl of Yam been and red bean (Columns with the same letters are not significantly different

according to the LSD test at the 5% probability level.)
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Figure 6. Comparison of the mean of the species x fertilizer x drought-stress interaction on the trait Dry weight
of hypocotyl of Yam been and red bean (Columns with the same letters are not significantly different according to the

LSD test at the 5% probability leve.)
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Figure 7. Comparison of the mean of the species x fertilizer x drought-stress interaction on the trait Radicle
length of Yam been and red bean (Columns with the same letters are not significantly different according to the LSD test

at the 5% probability level)
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Figure 8. Comparison of the mean of the species x fertilizer x drought-stress interaction on the trait Fresh

weight of radicle of Yam been and red bean (Columns with the same letters are not significantly different according to
the LSD test at the 5% probability level.)
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Figure 9. Comparison of the mean of the species x fertilizer x drought-stress interaction on the trait Dry weight

of radicle of Yam been and red bean (Columns with the same letters are not significantly different according to the LSD
test at the 5% probability level.)
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