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Abstract

Background and Aim. The mung bean (Vigna radiata, also known as Mash) is a summer crop. Its
importance in human nutrition is highlighted by the fact that its seeds contain a high con-centration of
protein and are rich in the amino acid lysine, as well as other compounds such as car-bohydrates, oils,
vitamins, and various secondary metabolites. This experiment was conducted to determine the effect
of three seed soaking treatments (tap water, mash enzyme solution, and saline solution), in addition
to a comparison treatment (control) without soaking, on germination and se-lected vegetative growth
indicators of mung bean plants.

Materials and Methods. A germination experiment was conducted using Petri dishes, fol-lowed by a
pot experiment in the field with containers filled with a 1:1 mixture of soil and peat moss. The seeds were
soaked for 12 hours before sowing. Treatments included soaking in tap water, mash enzyme solution,
and 1% NaCl saline solution, along with an unsoaked control group. Germination traits and vegetative
growth parameters were recorded. Data were analyzed statistically using the Statistical Package for the
Social Sciences (SPSS) and significant differences between means were determined using Duncan’s
Multiple Range Test at the 5% significance level.

Results. The laboratory results showed that soaking seeds in tap water produced the highest
germination rate and plumule length. Most treatments did not differ significantly from each other, except
for the saline solution, which significantly reduced germination percentage. In the pot exper-iment,
soaking seeds in tap water and a mash enzyme solution resulted in superior performance across all
vegetative growth parameters, including plant height, root length, fresh and dry weight of shoot and
root, leaf length and width, and chlorophyll content.

Conclusion. Soaking mung bean seeds in tap water or mash enzyme solution significantly improved
germination and vegetative growth parameters, while saline solution had a negative effect on these
parameters. These findings confirm the effectiveness of natural priming treatments in en-hancing plant
performance.

Keywords: Mung bean; mash enzyme; priming; saline solution; vegetative growth; germination;
priming.
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Introduction

The mung bean (Vigna radiata L.), also known as Mash, is a summer crop and belongs to the family
Fabaceae [1, 2]. It is widely cultivated in various regions of the world, especially in the tropics and
subtropics. Its global cultivated area is estimated at 7.3 million hectares, with a productivity of 2.5-3.0
tonnes per hectare. India, Bangladesh, Myanmar, China and Thailand are among the most productive
countries for this crop [3, 4]. Its importance in human nutrition is highlighted by the fact that its seeds
contain a high concentration of protein, ranging between 14.6-32.6%, are rich in the amino acid lysine
and other compounds such as carbohydrates, oils, vitamins and various secondary compounds [5, 6].
Its dry leaves are also used as fodder for animals, as they contain protein levels ranging from 13 to 21%
[7]. Research in seed physiology [8-10] indicate that soaking seeds before sowing for a short period
(without allowing germination to begin) enhances germination traits and subsequent performance of the
crop. Soaking refers to immersing seeds in water, osmotic, or nutrient solutions for brief period before
germination begins, followed by drying them back to their original moisture content before sowing. This
process is known as seed priming. Various priming solutions have been used, including hydropriming
(water), halopriming (e.g.Sodium Chloride [NaCl], Potassium Chloride [KCI]), and osmopriming (e.g.
Polyethylene Glycol [PEG], mannitol, the latter being the most widely used). Priming solutions that
contain minerals, vitamins, or antioxidants, are referred to as nutrient seed priming. Studies by [11,
12] showed that seed soaking induces biochemical changes such as hydrolysis of stored food, enzyme
activation, removal of inhibitors, and dormancy breaking, all of which promote faster germination.
Research by [13, 14] confirmed that seed stimulation techniques enhance plant growth. A summary of
studies conducted from 2001 to 2008, and presented by [15] concluded that soaking seeds often has a
positive effect on the growth and yield characteristics of many field crops, including wheat, rice, barley,
chickpeas, corn, lentils, and oats. [16] reported that soaking maize seeds for 12 hours in 1% Potassium
Nitrate (KNO3) and 1% Calcium Chloride (CaCl2) solutions significantly improved all studied traits
compared to the control. This study aims to assess the effect of pre-sowing seed soaking of mung bean
seeds in a natural enzyme solution and a sodium chloride (NaCl) solution, compared to soaking in water
and a no-soaking (control) treatment, on germination and various vegetative growth indicators.

Materials and Methods

Experimental site and soaking treatments

The experiment was conducted in the greenhouse of the Department of Biological Sciences, College
of Science, University of Babylon, using mung bean (Vigna radiata L.) seeds. The seeds were soaked in
three types of solutions: a saline solution (1% NaCl), a mash enzyme solution, and tap water. A control
group of seeds was left unsoaked. After soaking, the seeds were divided into two groups for use in
separate experiments.

Germination experiment

The first group of treated seeds was placed in Petri dishes lined with filter paper, 10 seeds per dish,
with three replicates per treatment. The following parameters were recorded: germination percentage,
germination speed, plumule length, and radicle length.

Field experiment

The second group of treated seeds was sown in plastic pots with a capacity of 5 kg. The pots were
filled with a 1:1 mixture of soil and peat moss. Five seeds were sown per pot at a depth of approximately
1 cm, with three replications for each treatment. The experiment followed a Random-ized Complete
Block Design (RCBD). Observations were recorded 50 days after sowing.

The following vegetative growth parameters were measured: plant height, root length, the fresh
weight of shoots and roots, and the dry weight of shoots and roots [17], leaf length, leaf width, number
of leaves per plant, and chlorophyll content [18].

Mash enzymes were prepared to enhance enzymatic activity in the seeds, including activation and
synthesis of alpha-amylase, beta-amylase, lipase, protease, maltase, and others. It is known that priming
seeds for germination increases the activity of the dormant enzymes or triggers the de novo synthesis
of certain enzymes. After stimulating germination (typically marked by root emergence), the process is
halted, and the seeds are dried at low temperatures to preserve enzymatic ac-tivity [19].
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Statistical Analysis

Statistical analysis was performed using SPSS software. Differences between treatment means were
tested using Duncan's Multiple Range Test (DMRT) at a 5% significance level.

Results and Discussion

The results presented in Table 1 and Figure 1 demonstrate the effect of soaking mung bean seeds
for 12 hours on their germination performance. The highest germination rate was observed in seeds
soaked in tap water (93.3%), while the lowest germination rate was recorded in seeds treated with
saline solution (NaCl), at 80%. There were no significant differences in germination percentage among
most treatments; the enzyme-soaked, tap-water-soaked and control (non-soaked) groups all achieved
approximately 93%, indicating that these treatments preserved the seeds’ viability and inherent capacity
to germinate. In contrast, the germination percentage in the saline-treated group was lower, 83.3%.
This reduction may be attributed to metabolic disruptions, caused by the accu-mulation of sodium and
chloride ions within the seed tissues. These ions interfere with the activity of key enzymes such as
invertase and amylase, which are responsible for breaking down starch into simple carbohydrates- an
essential energy source during germination. Furthermore, salinity signifi-cantly impairs water uptake, a
key physiological factor for successful germination [20, 21].

The highest average radicle length was 9.90 cm in the treatment with seeds soaked in the Mash
enzyme solution, followed by the tap water treatment, which was 7.40 cm. In contrast, the lowest radicle
length was 1.30 cm in the treatment of soaking saline solution. Table 1 shows significant differences in
plumule length. The tap water treatment resulted in the greatest average plumule length (14.23 cm), while
the control and saline treatments had the shortest length -3.83 and 4.60 cm, respectively. The reduction
in radicle and plumule lengths in the saline treatment is attributed to the inhibitory effects of sodium
chloride on plant growth, including the disruption of physiological processes and interference with cell
division. Salinity negatively affects mitosis by reducing the number of dividing cells and prolonging
the duration of the division cycle. It also impairs cell enlargement. These findings are consistent with
previous studies [22-24].

Table 1 — Effect of priming treatments on germination and seedling growth traits of mung beans

Plumule length Radicle length Germination Germination Priming
(cm) (cm) percentage (%) speed (%) treatments
3.83® 5.93° 93.30°" 83.30® Without priming

(control)
14.23 ¢ 7.40¢ 93.00° 93.30° Tap water
4.60 * 1.30° 83.30° 80.00 * NaCl
11.03 ¢ 9.90¢ 93.00° 90.00° Mash enzyme

According to Duncan's Multiple Range Test (DMRT), values in the table followed by the same letter
do not differ significantly at the 5% significance level.
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Figure 1 — Visual comparison of mung bean germination and seedling growth under
different priming treatments
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The results contained in Table 2 and Figure 2 illustrate the effects of seed soaking on vegetative
growth characteristics of mung bean plants. According to Table 2, seeds soaked in mash enzyme
solution produced the tallest plants, with an average height of 13.03 cm, while seeds treated with the
saline solution produced the shortest plants, with an average height of 7.70 cm. This reduction is likely
due to the inhibitory effect of salinity on meristematic activity and cell elongation at the shoot apex,
which leads to dwarfism in plants [24, 25]. In terms of root length, seeds soaked in the control and
saline treatments produced the lowest average levels -10.26 and 10.33 cm, respec-tively, whereas the
highest root length (16.33 cm) was observed in the tap water treatment. These results are consistent with
previous studies, which showed that water soaking enhances primary root growth [26-28].

The fresh weight of shoots did not differ significantly between the tap water (0.98 g ) and mash-
enzyme (0.95 g) treatments. Both were markedly higher than that of the control treatment (0.46 g).
Similarly the fresh weight of the roots increased in all soaked treatments, while the con-trol(non-soaked)
treatment exhibited the lowest root fresh weight (0.04 g) (Table 2; Figure 3). The increased fresh weight
in the treated groups suggests improved water absorption and retention. There were no significant
differences between the tap water and mashenzymes treatments in the dry weight of the shoots, both
averaging 0.17 g. In contrast, the control treatment showed the lowest average shoot dry weight of 0.06 g.
The highest root dry weight was recorded in the mash enzyme treatment, while the control treatment
again exhibited the lowest value at 0.03 g.

Table 2. Effect of priming treatments on selected vegetative growth traits of mung bean plants

Priming Plant Root Fresh Fresh Dry weight | Dry weight
treatments height length weight of | weight of | of shoots [ ofroots (g)
(cm) (cm) shoots (g) | roots (g) (2)
Without priming 0.03® 0.06* 0.042 0.46* 10.26* 8.66 ®
(control)
Tap water 0.08° 0.17° 0.47 = 0.95° 16.33° 10.66 *
NacCl 0.06 0.07* 0.28® 0.48*° 10.332 7.70 2
Mash - enzyme 0.09° 0.17° 0.68° 0.98° 13.16® 13.03°

According to Duncan's Multiple Range Test (DMRT), values in the table followed by the same letter
are not significantly different at the 5% significance level.
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Figure 2 — Effect of priming treatments on plant height and root length in mung bean
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Figure 3 — Effect of priming treatments on fresh and dry weights

The results presented in Table 3 and Figure 4 show an increase in the average number of leaves in
the tap water treatment, which reached 9.00 leaves per plant. In contrast the control treat-ment recorded
the lowest average number of leaves, with 6.66 leaves per plant. This finding contra-dicts the results
reported by [29] in Sorghum bicolor, where seed soaking had no significant effect on leaf number.
The highest average leaf length (4.70 cm ) was observed in the mash-enzyme treatment. Additionally
this treatment significantly increased the average leaf width, reaching 2.36 cm. However there were
no significant differences in total chlorophyll content among the treat-ments. In general, the highest
average chlorophyll content was recorded in the tap water treatment ( 29.4) (Table 3 and Figure 5).
This suggests that water soaking enhances chlorophyll accumulation, as also reported in[30]. Overall,
the study demonstrated differential responses of mung bean plants to the various priming treatments.
Both the tap water and enzyme mash treatments positively influ-enced germination and improved most
vegetative growth parameters 50 days after planting.

Table 3 — Effect of priming treatments on leaf morphological traits and chlorophyll content of mung
bean plants.

Priming Leaf length Leaf width Number of leaves | chlorophyll content
treatments (cm) (cm) per plant (SPAD units)
Without priming 28.96* 6.66 a 1.76 * 3.70*
(control)
Tap water 29.46 ° 9.00? 1.732 3832
NaCl 28.30* 7.66* 1.83¢ 3.70*
enzyme- Mash 28.94 @ 8.00 # 2.36° 4702

According to Duncan's Multiple Range Test (DMRT), values followed by the same letter within
each column are not significantly different at the 5% significance level.
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Figure 4 — Effect of priming treatments on leaf morphological traits of mung bean plants
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Figure 5 — Effect of priming treatments on chlorophyll content in mung bean plants

Conclusion

This study demonstrated that soaking mung bean seeds in a saline solution negatively im-pacts
seed performance, resulting in reduced germination rates and weaker vegetative growth. In contrast,
soaking mung bean seeds in tap water or in a mash enzyme solution led to significant im-provements in
germination and vegetative growth traits, confirming the effectiveness of these treatments in enhancing
overall plant performance.
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Mam TYKBIMBIH ce0y aJAbIHIAFbI OH/IeY/IiH OHTIITIKKe KoHe BereTaTUBTI 6CyliH Keiloip
KepceTKimTepine dcepi

Shaymaa O. H. Al-Mamoori, Noor Mahmood Naji, Rihab Edan Kadhim, Anmar M. K. Al-Maamori

Tyiiin

AnFplmiapTTap MeH MakcaT. Mam (okachul OypIak) — »Ka3AblK aybll IIapyallbUIBIFBl JaKbUIbI.
ApxaM ar3acel YUIIH Maml OypIIaFrbIHBIH MAaHBI3BUIBIFBl OHBIH TYKBIMIApBIHAA AaKybI3/bIH JKOHE
AMHHKBIIIKBULIBIH JKOFapbl MOJIIepiMEeH, COHBIMEH KaTrap KeMmipcynap, Maiiap, ASpyMeHIep MeH
OpTYPJi KOCaJKbl KOochbUIbIcTapra Oail OomybiMeH TyciHzipineni. ToxipuOe TYKbpIMAApAbl ymI TYpii
epiTiHire (arbiH Cy, Mall (DepMEHTI epiTIHIICI XKoHE TY3/bl EPITiHJIi) CaJbIll KOKJIbIH, COHJai-aK
CaJIBICTBIpMaJIbl OaKbUIAY PETIHJIE CIIKAHAAN OHJIEYCI3 KAJIBIPYABIH Malll 6CIMJIITIHIH 6HY1 MEH Keloip
BEreTaTHBTIK 6CY KOPCETKIIITEPiHE dCEPiH aHBIKTay MAKCaThIH/IA KYPri3iii.

Marepuangap MeH aictep. AnnsiMeH [leTpu TabakmanapbeiHa 3epTXaHaIbIK TOKIpHOe XKypri3ini,
cofgaH KediH 1:1 KaThlHACBIHIA TOMBIPAK MEH HIBIMTE3EK KOCIACBIMEH TONTHIPBUIFaH bLABICTApIA
Jananslk ToxipuOe oTkizingi. TykeiMaap cebep anmpinaa 12 caraT OOHBI epiTiHIIAEC TYHABIPBUIIBL.
Onyey oxicTepiHe arblH CyJa, Maml (epMeHTI epiTiHmicinge xoHe Ty3abl epitingine (1% NaCl)
TYHJBIPY, COHJAN-aK TYKbIMJbI OHACYCI3 KalIbIpFaH Oakpuiay TOOBI Kipai. JakbUAbIH 6Hy MEH ecy
kepcetkimTepi Tipkenai. [epekrep 5% paeHreiinmeri MaHbI3IBUIBIK mieriHae SPSS Garmapiamack
*oHe JlyHKaHHBIH IIBIHAMBUIBIK KPUTEPHIAT apKbUTbI CTATUCTUKANBIK TYPAC TallIaHabI.

Hotmxenep. 3epTxaHanbIK ToxKipuOe HOTHKeNEPl TYKBIMIAPbI aFbIH Cy/1a TYHIBIPY €H )KOFaphbl OHY
MaBI3bIH JKOHE OCKIH Y3BIH/IBIFBIH KAMTaMAachl3 €TKEHIH KopceTTi. KenTeren enaey aaictepi apacbiia
aiTapiablKTail albIpMalIBUIBIKTap OOJMajbl, TEK TY3/bl EPITIHAIAES TYHIBIPBUIFAH TYKbIMIApAa ©HY
naibI3el e ToMeH O0onbl. [lanansik ToxiprOe OapbIChIHa TYKBIMAAP/IBI aFbIH CY/a XKOHE Mall epMEeHTI
epIiTiHAICIHE TYHIBIPY ©CIMAIKTIH OapiblK BEreTaTUBTIK 6Cy KOPCETKIITepi (6CiMIiK OUIKTIri, TAMBIP
Y3BIHIBIFBI, ca0aK MeH TaMBIPABbIH JKac >KOHE KYpFaK Maccachl, JKalbIPaKThIH Y3BIHABIFBI MEH C€Hi,
coHpali-aK xJopodui Meniepi) OOMbIHIIA €H JKaKChl HOTHKENIEP KOPCETTi.

KopeiTeiHapl. Mamn TYKbIMAApBIH aFbIH CyJa KoHE Mall ()epMEeHTi epiTiHAICIHAE TYHIBIPY OHY
MEH BETeTaTHBTIK ©CY KOPCETKIIITEPIH KakcapTaibl, aj TY3/Abl epiTiHAl OyJ KepceTkimrepre Kepi
ocepiH Turizeni. AJBIHFaH HOTHXKENEp OCIMIIKTEpAiH OHIMIUIITH apTThIpyAa TaOUFH TYKbIM TYHIBIPY
QMICTEPIHIH THIMIUIITTH TOIEIICeH/T.

KiaTt ce3mep: Mam Oypruarel; Mam ¢epMeHTi; NpaldMHUHT (TYKBIMABI alIbIH aja eHJeY); TY3/bl
epiTiH/I; BETeTaTUBTIK OCY; OHTIIITIK.

Biansinue 00padoTKn ceMsiH Mala mepeJ MOCeBOM Ha BCX0KeCTh
H HEKOTOpble MOKa3aTeJIM BereTaTHBHOIO POCTa

Shaymaa O. H. Al-Mamoori, Noor Mahmood Naji, Rihab Edan Kadhim, Anmar M. K. Al-Maamori

AHHOTANUA

[Ipeanocsuiku u neb. Mam (3e1éHas Gacoiib) — 3TO SpoBasi CENbCKOXO035CTBEHHAs KyIbTypa. E&
3HAQYEHHUE B IMTAHUU YEJIOBEKA IOJUEPKUBACTCS TEM, UTO €€ CEMEHA COIEPKAT BBICOKYIO KOHLIEHTPALUIO
Oenka 1 OoraTbl aMUHOKHCIIOTOM, a TakKe JPYTUMH COCTUHECHUSIMH, TAKMMU KaK YIJeBOJAbI, Macia,
BUTAaMHMHBI M Pa3IM4HbIe BTOPHUYHBIC BEMIECTBA. DKCIEPHMEHT OBbLI MPOBEAEH C LENBI0 M3YUYCHUS
BIMSIHUSL TPEX BAPHAHTOB 3aMauMBaHHS CEMSH (B BOJOMPOBOJHON BOJE, pacTBOpe (epMEHTOB Malla
U COJICBOM PAcTBOPE) M KOHTPOJBHOTO BapuaHTa (0e3 3aMaunBaHMsI) HA TpopacTaHWe U HEKOTOpBIE
[I0Ka3aTeJId BET€TaTUBHOIO POCTAa PACTEHUs Malll.

Marepuansl 1 MeToJIbl. BbiT poBenéH 1abopaTOpHBIH SKCIIEPUMEHT Ha Jamkax Iletpwu, a 3atem -
MOJIEBOM HKCTIEPUMEHT B FOPILIKAX, 3aIIOJTHEHHBIX CMECKIO MOUBHI 1 Top(a B cootHouenuu 1:1. Cemena
3aMadrBaNuchBTeYeHue 12 yacoB nepeanoceBoM. O0OpaboTKa BKIIOUAIa 3aMauyuBaHKE B BOJIOTIPOBOTHOM
BoJie, pepMEHTHOM pacTBope Maiia u cosieBoM pactBope (1% NaCl), a Takke KOHTPOJIBHYIO TpyIIy 0e3
3aMaurBaHus. beuin 3aduKcrpoBaHbI MOKA3aTeNN IPOPACTAHUS U BET€TaTUBHOTO pocTa. JlaHHbIe ObUTH
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MIPOaHAIN3UPOBAHBI CTATUCTHYECKH C MCTIOIB30BaHUEM IIporpamMmbl SPSS 1 kpuTeprs J0CTOBEPHOCTH
o /lyHkany Ha ypoBHE 3HauUMOCTH 5%.

Pesynprarer. PesymbraThl  abopaTOpHOTO OMBITa TIOKAa3aJld, YTO 3aMadMBaHHUE CEMSH
B BOJOIIPOBOAHON BOJe OOECHEeYMIIO0 HAWBBICHIMKA TPOLEHT NPOpacTaHWsl W JUIMHY To0era.
CyIIecTBEHHBIX Pa3InIUil MEXKITy OOJBITHHCTBOM 00padOTOK HE OBLIO, 32 MCKIIOUEHHUEM COJIEBOTO
pacTBOpa, KOTOPHIH /1aj HAWMEHBIINH MPOIIEHT MPOPACTaHUA. B M0IeBOM dKCTIepUMEHTe 3aMaYlBaHNe
CEMSH B BOJIOIIPOBOIHOM BOJIE M (PePMEHTHOM pacTBOpE MaIlia 00eCTIeunIIo JTydIlIne oKa3aTesn BCexX
MapaMeTpoB BET€TaTUBHOTO POCTA, BKIIIOYAS BBICOTY PACTeHHS, JITMHY KOPHS, CBEXYIO M CYXYIO Maccy
no0era v KOpHS, IIUHY U IIUPUHY JIICTa, a TAK)Ke CofiepKanne Xjopoduura.

3akmroueHne. 3aMaunBaHUE CEMSH Mallla B BOJOIPOBOJHON BOJIE W pacTBOpe (HhepMEHTOB Mara
yJIydInaeT MpopacTaHHWe ¥ TOKa3aTeld BETeTaTHBHOTO pPOCTa, B TO BpeMs Kak COJIEBOM pacTBOp
OKa3bIBa€T OTPHUIATENHFHOE BIHSHHME HA ATH mapaMmeTpsl. llodydeHHble pe3ynbTaThl MOATBEPKIAAIOT
3¢ (HeKTUBHOCTH MPUPOTHBIX METOIO0B 3aMAaYNBAHNS B TIOBBIIIIEHNH TPOTyKTUBHOCTH PACTEHHN.

KuaroueBbie cjoBa: Mam; ¢epMeHT Maria; HpaliMHUHT (TIpeAroceBHas 00paboTKa); COJIEBOM
pacTBOp; BETETaTHBHBIN POCT; TpOpacTaHHe.
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