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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.

Keywords: Integrated fertilizer, Mexican bean, Resistance, Seed germination index, Vinas
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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ies x - . . . . .
Stfr’:;’;es drought ik iXaS 3 715.361 28.710 15.209 2.646 0.018
Species x fertilizer . ns ns * * ns
X : : :
rreatment 6355 i XaieS 3 4.083 2.079 0.862 0.038 0.0031
- x LS v} ek Aok ok ok *
Drought-Stress T 24203 8.325 0.402 0.140 0.0057
fertilizer treatment $355 Lo
Species x drought- Sih s X aef
stress x fertilizer o "95 9 18.092° 3.110™ 0.102" 0.0401° 0.0079"
treatment 255 sless X
Error s 64 8.531 1212 0.032 0.012 0.0028
. N
Cocfficient of R 5.35 5.35 477 3.61 1136
variation (%) (%s,9)

aoye ) 50 Jlool mhw o (gl e i 5 Ay s g (5 o See pac IS

ns: non-significant, *, **: significant at 5% and 1% probability levels, respectively

NJgus alsl
Continued Table 1.
i i ar il Sas oy Jsb arady F 0j 40”
Sources of variation TS e sl Pedicel DW Radicle Radicle FW e
DF length Radicle DW
Species 6 1 0.024" 37.375™ 0.137™ 0.027"
Drought-stress Sas g3 0.012" 78.833" 0.342" 0.014™
Fertilizer treatment s s 3 0.0013™ 1.720™ 0.039" 0.00097"
Species x drought-stress i ABXaS 3 0.0014" 5.090™ 0.0108" 0.00094"
i x ili * ‘
tsrngg:m fertilizer 6355 Jlai X3S 3 0.000046™ 0.065 0.0038™ 0.00012™
=~ X * *%k kK
fDeﬁ’l‘l’igtr tsrté:f;lem @055 e X Sid g5 9 0.0001 0.075 0.0061 0.00011™
ies x - Lo X Sis (235 X 43S . - - .
Species x drought-stress FEXES 0.00018 0.073 0.0066 0.0002
x fertilizer treatment 8355
Error bs 64 0.000078 0.025 0.0016 0.00009
Coefficient of variation (o) s 5 i 11.54 536 741 15.55

(%)

Q0,0 ) 50 Jiol mhw )0 )0 gae o 4 i g % (s IS Jixe pac NS

ns: non-significant, *, **: significant at 5% and 1% probability levels, respectively



V¥4

VFe¥ 9o o)los [ea05k Jlw /ol ! yds slaing sy

100

S ESR W

Germination percentage

EM+Vinas
control/-6

M FG

Vinas/-6

BEBean OlJicama

I

EM+Vinas/-6
control / -9
EM+Vinas/-9
control/-12
EM/-12
Vinas/-12
EM+Vinas/-12

Drought stress (bar) -fertilizer (L) Sas 25— 5545 jlos

S e Sy Shls 45 (apsie) 38 Losd 5 pb Lusd S il wops (KBS A X 855 x 455 ieny (e Slos lie ) JSC

(5,105, sime M K080 L7 0 Jlazs) rhaws ;oLSD gajl olsl s aiies
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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.)

b loss alian (iiSton p ;0 azadle Job ol jlo e 5 (A (e SIS sgae )3 (sete B Wl o0
e g S 355 e S gl L G5 5 B ol s ) 5 S sl il axls
o PV | (555 30le ) (K55 S o 5 el Sile (ipepn S
Cod (6995 dald Hled) (955 Hled (9 30,8 Loyl 2Ol cage LA (Azady ) + azadle) azelS o,
TV L QLAWY (Sis mha) (S wad odnlive ((SiS I Cod 093 g bugd (59, (oo
G Lyld e (F S8y ol olis Laldl e il Jsb Gl o T 055 ojlac 3l eslial a5 ab
azadls cdl o0 s ool mesd e (S Ah GRS e OlSl s g dzddy g azadle
G lnls s wli & B, g wbie Ll ooyl dalllae b (Y15 oSen 5 | jppianl)
L oatas Gl i |y o apaile Jsb sk, o Ul LS ol ol ol Siasy e ol b
O R L gl e azails sk alS o5 ol sy 9550 (Siallyz slaylly (Sis 5
GE plp e slazalS Al e s il (5 (Ses 5 Sl D8 (Sialer Loy (Sl o)
hses 5 e ) wile et 4 pglie Sis b Sl 6l sme Djgoh Hh 4y aSLD

50 161950 yolic Haglls b asgs Yl (V-1

sloalds 4.>4.9L.:
(i s g oolw Gl Y Jaam wlel

595 x S i x agS ailfan [iiSenn 5 S
5 2oy Sy Jlinl gl 3 azdile Job cdo p
' Rahimi MO Jiml gl jo 08 x4 ailSgs iSeny




QY

..& (Phaseolus vulgaris g Pachyrhizus erosus) Lag) 4s5 95 5 ailgz Olaw STy 1)) )50 g (Lo

os]

(e (lo) 4z aBls J5b
Hypocotyl length (cm)

(T T o

EM+Vinas
control/-6
EM/-6
Vinas/-6

EM+Vinas/-6

BBean OlJicama

H
o
J
L
o N
Pl P
Q
R
2 2 2 2 8 9 o o
= 5 z z < < 3 3
S @ £ £ B 2 g 8
= > > £ = & 8
15} + 3 > >
Q 20 %
= S3]

Drought stress (bar) -fertilizer (,b) Sias (255 - 955 jlows

Qs S iie By gl a5 olacygin) o8 Lugl g pb Lug) azalle Jsb 5 Sis i x 055 x 4558 iiSas Nl awolie F SO

(5,5 s g DS K0Sy L7 0 Jloxo! o ,5LSD (051 ol

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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test at the 5% probability level.)

W3ged 61k GRegl ol el )3 &S )b Caio s &35 ol
b o s S5 J SE2ls sloculem 5l Aoy oy dlie Qe

CSs g ool paolel CS,L rioren )5 b



ATARY
VPV 190 03lols /o3 Jlw [l ydu b g

@L:.a

Afrouz, M., Sayyed, R.Z., Fazeli-Nasab, B., Piri, R., Almalki, W. H. and Fitriatin, B. N. 2023. Seed
bio-priming with beneficial Trichoderma harzianum alleviates cold stress in maize. Peer], 11:
el15644. http://doi.org/10.7717/peerj.15644

Ahmadi, K., Gholizadeh, H., Ebadzadeh, H.R., Hosseinpoor, R., Abdeshah, H., Kazemian, A. and
Rafiei, M. 2017. Agricultural Statistics during 7-2016. Ministry of Jihade Keshavarzi. Vol. 1:
Crops Retrieved Sept. [In Persian]

Ahmadpour, R., and Hosseinzadeh, S.R. 2019. nfluence of compost tea on seedling growth and
germination indices of bean (Phaseolus vulgaris L.) in order to moderated negative effects caused
by drought stress. Journal of Plant Research (Iranian Journal of Biology), 32(3): 511-523. [In
Persian] https://dor.isc.ac/dor/20.1001.1.23832592.1398.32.3.3.0

Ahmadpour, R., Armand, N., Hosseinzadeh, S.R., and Chashiani, S. 2016 . Selection drought tolerant
cultivars of lentil (Lens culinaris Medik.) by measuring germination parameters. Iranian Journal of
Seed Sciences and Research, 3(3): 75-87. [In Persian]
https://dor.isc.ac/dor/20.1001.1.24763780.1395.3.3.7.5

Ahmadpour, R., Hosseinzadeh, S.R., Armand, N., and Fani, E. 2015. Effect of methanol on
germination characteristics of lentil (Lens culinaris Medik.) under drought stress. Iranian Journal of
Seed Research, 2(1): 83-96. [In Persian] https://doi.org/10.29252/yujs.2.1.83

Armand, N., Amiri, H. and Ismaili, A. 2015. Effect of methanol on germination characteristics of bean
(Phaseolus vulgaris L. cv. Sadry) under drought stress condition. Iranian Journal Pulses Research,
6(1): 42-53. [In Persian] https://doi.org/10.22067/ijpr.v1394i1.43942

Azam, F. and Mauk, K.A. 2011. Effect of humic acid soaking on seedling growth of wheat (7riticum
aestivum L.) under different conditions. Pakistan Journal of Botany, 15: 31-38.

Bagheri, A.R. and Hasanbeygi, M. 2018. Effect of salt stress levels on germination and accumulation
of Na+ and K+ in common bean seeds. Journal of Environmental Stresses in Plant Sciences, 1(2):
137-147. [In Persian]

Boroujerdnia, M., Bihamta, M., AlamiSaid, K. and Abdossi, V. 2016. Effect of drought tension on
proline content, soluble carbohydrates, electrolytes leakage and relative water content of bean
(Phaseolus  vulgaris L.). Crop Physiology Journal, 8(29): 23-41. [In Persian]
https://dor.isc.ac/dor/20.1001.1.2008403.1395.8.29.2.2

Dashtaki, M., Bihamta, M.R., Majidi, E. and Azizinezhad, R. 2020. Study of seed germination indices
in bread wheat genotypes (Tritium aestivum L.) under drought stress simulated with polyethylene
glycol. Environmental Stresses in Crop Sciences, 13(1): 197-210. [In Persian]
https://doi.org/10.22077/escs.2019.1828.1430

Deilam, A., Rohani, H., Sabouri, H. and Gholam Ali Pooralmadari, E. 2019. Effect of drought stress
and salinity on germination, soluble carbohydrates and proline of Atriplex halimus. Iranian Journal
of Seed Sciences and Research, 6(2): 245-255. [In Persian] https://doi.org/10.22124/jms.2019.3603

Ehteshami, S.M.R., Pourebrahimi Fumani, M., and Ramezani, H. 2014. Effect of pseudomonas
different strains on germination and growth index of bean (Phaseolus vulgaris L.) seedling in
different levels of salinity. Research in Field Crop Journal, 1(2): 22-33. [In Persian]

Gopal, M., Gupta, A., Palaniswami, C., Dhanapal, R. and Thomas, G. 2010. Coconut leaf vermiwash:
a bio-liquid from coconut leaf vermicompost for improving the crop production capacities of soil.
Current Science, 98(9): 1202-1210.

Gulser, F., Sonmez, F. and Boysan, S. 2010. Effects of calcium nitrate and humic acid on pepper
seedling growth under saline condition. Journal of Environmental Biology, 31(5): 873-876.



..& (Phaseolus vulgaris g Pachyrhizus erosus) Lag) 4s5 95 5 ailgz Olaw STy 1)) )50 g (Lo

Hosseini-Moghaddam, M., Moradi, A., Piri, R., Glick, B.R., Fazeli-Nasab, B. and Sayyed, R.Z. 2024.
Seed coating with minerals and plant growth-promoting bacteria enhances drought tolerance in
fennel (Foeniculum vulgare L.). Biocatalysis and Agricultural Biotechnology, 58: 1-12.
https://doi.org/10.1016/j.bcab.2024.103202

Jamili, T. 2012. Preparation of environmentally friendly mulch from sugarcane waste to stabilize the
flowing sands of Ahvaz. Master's thesis. Ramin University of Agriculture and Natural Resources.
119 p. [In Persian]

Liga, M.V, Eraso 1. and Sturte, G.W. 2003. Effect of ethanol on the growth and development. Seed
Science and Technology, 21: 427-435.

Luki¢, N., Kukavica, B., Davidovi¢-Plavsic, B., Hasanagic, D. and Walter, J. 2020. Plant stress
memory is linked to high levels of anti-oxidative enzymes over several weeks. Environmental and
Experimental Botany, 10: 41-66. https://doi.org/10.1016/j.envexpbot.2020.104166

Mamedi, A., Tavakkol Afshari, R. and Oveisi, M. 2017a. Cardinal temperatures for seed germination
of three Quinoa (Chenopodium quinoa Willd.) cultivars. Iranian Journal of Field Crop Science, 48:
89-100. https://doi.org/10.22059/ijfcs.2017.206204.654106

Mamedi, A., Tavakkol Afshari, R. and Sepahvand, N.A. 2017b. Quantifying seed germination
response of quinoa (Chenopodium quinoa Willd) under temperature and drought stress regimes.
Iranian  Journal of  Field  Crop Science,  48(3): 615-623. [[n  Persian]
https://doi.org/10.22059/ijfcs.2017.128439.653907

Mc Clean, P., Kami, J. and Gepts, P. 2004. Genomic and genetic diversity in common bean. In Wilson
RF Stalker HT Brummer EC eds., Legume Crop Genomics. AOCS press. Champaign. Pp 60-82.
https://doi.org/10.1201/9781439822265.ch4

Moradi, A. and Piri, R. 2018. Enhancement of salinity stress tolerance in Cumin (Cuminum cyminum
L.) as affected by plant growth promoting rhizobactria during germination stage. Journal of Plant
Process and Function, 6(22): 47-54.

Najarzadeh, M. 2014. Investigating the application of zeolite in drought stress on red bean plant.
Master's thesis in agriculture. School of Agriculture. Azadshahr Quds University. Iran. [In Persian].

Oveisi, M., Alizadeh, H., Lorestani, S.A., Esmaili, A., Sadeghnejad, N., Piri, R., Gonzalez-Andujar,
J.L. and Miiller-Schirer, H. 2024. Triangle area model (TAM) for predicting germination: An
approach to enhance hydrothermal time model applications. Current Plant Biology, 39: 1-15.
https://doi.org/10.1016/j.cpb.2024.100356

Piri, R., Moradi, A., Salehi, A. and Balouchi, H. R. 2021. Effect of seed biological pretreatments on
germination and seedling growth of cumin (Cuminum cyminum L.) under drought stress. Iranian
Journal of Seed  Science and  Technology, 9(4): 11-26. [In  Persian].
https://doi.org/10.22034/ijsst.2019.109182.1054

Rahbarian, R., Khavari-nejad, R., Ganjeali, A., Bagheri, A.R. and Najafi, F. 2012. Drought stress
effect on germination and seedling for drought tolerance in chickpea genotypes (Cicer arietinum
L.) under control condition. Iranian Journal of Field Crops Research, 10(3): 522-531. [In Persian]
https://doi.org/10.22067/gsc.v10i3.17800

Rahimi, A., Madhaj, A. and Mojdam, M. 2019. Study of seed germination and seedling growth of
alfalfa genotypes (Medicago sativa L.) under drought tension conditions. Crop Physiology Journal,
10(40): 129-144. [In Persian] https://dor.isc.ac/dor/20.1001.1.2008403.1397.10.40.8.4

Sabokdast nodehi, M., Salehi, F. and Rezaizadeh, A. 2018. Effect of drought-induced stress by
PEG6000 on physiological and morphological traits of Lentil (Lens culinaris.) seed germination in
order to selection of drought tolerant genotypes. Iranian Journal of Field Crop Science, 49(3): 39-
47. [In Persian] https://doi.org/10.22059/ijfcs.2017.227940.654287




14
VPV 190 03lols /o3 Jlw [l ydu b g

Sabzevari, S., Khazaei, H. and Kafi, M. 2009. Study on the effects of humic acid on germination of
four wheat cultivars (Triticun aestivum L.). Iranian Journal of Field Crops Research, 8(3): 473-480.
[In Persian] https://doi.org/10.22067/gsc.v8i3.7765

Sadoogh, F.S., Shariatmadari, H., Khoshgoftarmanesh, A.H. and Mossadeghi, M.R. 2014. Adjusted
nutrition of tomato with potassium and zinc in drought stress conditions induced by polyethylene
glycol 6000 in hydroponic culture. Journal of Science and Technology of Greenhouse Culture,
5(2): 67-81. [In Persian] http://dorl.net/dor/20.1001.1.20089082.1393.5.2.6.0

Shekohian, A.A., Ainizadeh, Sh., Nazari. H. and Quydel, A. 2019. The effect of application of EM Bio
fertilizer and urea on strawberry (Fragaria ananassa cv. Paros) for sustainable agriculture. Journal
of Water and Soil Conservation, 26(2): 263-268. [In Persian]
https://doi.org/10.22069/jwsc.2019.14138.2886

Sorensen, M. 1996. Yam bean (Pachyrhizus DC.). Promoting the conservation and use of
underutilized and neglected crops. 2. Institute of Plant Genetics and Crop Plant Research,
Gatersleben/ International Plant Genetic Resources Institute, Rome.

Tabrizi, L. and Koocheki A.R. 2014. Evaluation of medicinal plant seed quality calendula (Calendula
officinalis L.) by application organic inputs. 17th National Congress and 3rd International Congress
of Agricultural Sciences and Plant Breeding of Iran. [In Persian]

Tadayon, M.R. 2010. Physiological reactions of plants to environmental stresses. Shahrekord
University Press. 214 p. [In Persian]

Taghvaei, M. and Aliolad, N. 2015. Effect of drought stress on early vigor in primary trittipyrum lines.
Iranian Journal of Seed Research, 1(2): 61-74. [In Persian]
https://dor.isc.ac/dor/20.1001.1.23831251.1393.1.2.8.5

Thinley, J. and Dorji, C. 2021. Screening of beans (Phaseolus vulgaris L.) genotypes for drought
tolerance. BioRxiv. (preprint) https://doi.org/10.1101/2021.01.14.426641

Yaseen, M., and Malhi, S.S. 2009. Differential growth response of wheat genotypes to ammonium
phosphate and rock phosphate phosphorus sources. Journal of Plant Nutrition, 32(3): 410-432.
https://doi.org/10.1080/01904160802660735

Zamani, F., Hosseini, N.M., Oveisi, M., Arvin, K., Rabieyan, E., Torkaman, Z. and Rodriguez, D.
2024. Rhizobacteria and phytohormonal interactions increase drought tolerance in Phaseolus
vulgaris through enhanced physiological and biochemical efficiency. Scientific Reports, 14(1): 1-
17. https://doi.org/10.1038/s41598-024-79422-y




