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ABSTRACT

It is well-known that nitrogen is essential for plant growth and development. Although chemical fertilization remains
the main strategy to provide nitrogen requirements for majority of plants, legume crops including chickpea often have a
natural symbiosis with bacteria for nitrogen fixation. Meanwhile, a source of molybdenum is still needed for activation of
molybdoenzymes for nitrogen metabolism. However, this becomes an issue in some areas with molybdenum-deficient soil.
Therefore, molybdenum supplementation is crucial for nitric oxide production in plants. Herein, chickpea plant samples were
supplemented with nitrate and molybdenum through foliar fertilization to test nitrate and nitrite reductase activities. As a result,
the enzymatic activities were shown to be very high after five days post-supplementation. This study demonstrates the need

for molybdenum fertilizers in successful plant growth management.
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INTRODUCTION

Chickpea (Cicer arietinum L.) is the third most widely
grown legume crop with 15 million tons of global production
after dry beans and dry peas [1]. Chickpeas are large source
of proteins, carbohydrates, fats, fibers as well as few bioac-
tive compounds such as phenolic acid and isoflavones [2].
Among these, some nutrients provide the crop with high bio-
pharmacological traits such as lipid-lowering, hypocholester-
olemic, antioxidant, hypoglycemic and hypotensive proper-
ties [3]. Another interesting fact about chickpea is that it can
obtain up to 85% of required nitrogen (N) from symbiotic N,
fixation provided by a bacteria called Rhizobium [4]. The re-
maining sources are soil-based inorganic N, organic miner-
als, and fertilizers [5, 6]. Indeed, biofertilization by Rhizobium
has been proven to be environmental-friendly solution to re-
place nitrate fertilizers [7]. In general, nitrogen metabolism
in plants is regulated by nitrate reductase (NR) and nitrite re-
ductase (NiR). However, these are inducible molybdoenzymes
meaning they require not only their substrate but also molyb-
denum (Mo) in their active sites for activation [8, 9].

Mo is a rare transition element that has an essential sig-
nificance for almost all biological systems due to its require-
ment for activation of enzymes, which catalyse several key
reactions in carbon, sulfur and nitrogen metabolism [10]. Ac-
cordingly, deficiency of this particular element can cause se-
vere consequences in growth of all kinds of plants including
chickpea. Moreover, apart from nitrogen assimilation, there
are other consequences of Mo deficiency in chickpea. To date,
Mo stress decreases the seed germination, seedlings growth
and even nutrient content [ 11]. Particularly, it can result in low
amount of lysine and methionine content within chickpea pro-
teins and therefore such product is not recommended for hu-
man consumption [12]. As it was mentioned in the previous
paragraph, molybdoenzymes required for nitrogen assimila-
tion in plants need a source of Mo for their activation. How-
ever, the Mo content in plants depends on the bioavailability
of Mo in soils [13]. Therefore, there is a need for studies on
potential applications of Mo fertilizers in regions with natu-
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rally Mo-deficient soil.

Herein, chickpea plant samples were treated with a source
of nitrate and molybdate through foliar fertilization to test NR
and NiR activities. For that reason, final products of their ac-
tivities — nitrite and nitric oxide were detected after the sup-
plementation. As a result, high level of enzymatic activities
was absorbed demonstrating the importance of Mo-supple-
mentation through foliar fertilization. This in turn would
improve nitrogen metabolism in plants grown on molybde-
num-deficient soils.

MATERIALS AND METHODS

Plant materials and foliar fertilization

The chickpea plants (Kyabra cultivar) were grown in
growth room at 25 + 2°C and 16 h/8 h photoperiod under
controlled environment using N-and-Mo-free soil. The leaves
of 14-day-old chickpea seedlings were sprayed with 50 mM
KNO, (Sigma-Aldrich, USA) and 5 pM Na,MoO, (Sig-
ma-Aldrich, USA). In addition, deionized water was sprayed
on another group of plants, grown in different room with the
same parameters, as non-supplemented controls. Crude ex-
tracts were collected from the leaves daily for next ten days
post-supplementation for detection of nitrite and nitric oxide.

Nitrite and nitric oxide detection

For nitrite content determination, the crude extracts from
plant leaves were centrifuged at 10,000 rpm. Then, 500 pL of
1% sulfanilamide (Glentham Life Sciences, UK) dissolved
in 20% HCI (Sigma-Aldrich, USA) and 500 pl of 0.12%
N-(1-Naphthyl) ethylenediamine dihydrochloride (Tokyo
Chemical Industry, Japan) were added into the supernatant.
The detection was performed using the method described by
[14]. Colour intensity was determined spectrophotometri-
cally at 548 nm. The quantitative value was determined us-
ing the construction of a calibration curve with approxima-
tions (R?>0.95). Nitric oxide content was determined using a
method described by [15] and was measured with nmol per
gram of leave biomass. Standard deviation of three indepen-
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dent experimental repeats were calculated for both NO,™ and
NO detection.

RESULTS AND DISCUSSION

NR is the first enzyme in nitrate nitrogen assimilation
pathway in plants as it is responsible for nitrite production.
The enzyme molecules start being highly synthesized 12-15
hours nitrate supplementation, and hours may vary depending
on the plant species [16]. Meanwhile, optimal concentration
of the supplementation ranges from 20 to 70 mM [17]. In ad-
dition, potassium nitrate has demonstrated a higher inductive
effect on plant leaves rather than sodium nitrate most likely
due to a potential role of K* ions in controlling the nitrate
channel or influence of those ions on nitrate penetration into
plant tissues [18]. As for the Mo supplementation, it has been
claimed that the risk of disease development starts increas-
ing in animal organisms consuming plants that grown in soil
where molybdenum content is over 10 mg/kg [19]. Because
of mentioned parameters above, 50 mM KNO, and 5 uM mo-
lybdate were used in this study to spray the plant leaves. Then,
nitrite detection in the leaves was performed daily in 10-days
period after the foliar fertilization (Figure 1).

The results illustrated in Figure 1 showed that NR activ-
ity started after 3 days post-supplementation (dps) forming
around 164 ng nitrite quantity per gram of leave mass. Then,
the nitrite production kept growing in plant tissues until it
reached its pick at 673 ng after 5 dps. Notably, this value kept
gradually decreasing after 6 dps and there was no NO,™ con-
tent detected at 9 dps. The use of water-supplemented con-
trol proved that the detected high nitrite content was result of
activated NR in plants due to enzyme substrate and Mo sup-
plementation. Moreover, NiR activity test was conducted to
explain the nitrite content disappearance within 9 dps as well
as to check the complete nitrogen assimilation pathway in
chickpea plants by determining NO content in the same sam-
ples (Figure 2).

The results of the NiR activity test showed that the NO
production by the enzyme started a day after small amount of
nitrite was formed. As expected, the synthesis of NO kept in-
creasing day by day as NO,™ content was also high between
4 and 6 dps, according to the data presented in Figure 1 and
2. However, at tenth day there was no more formed NO,™ and
NO detected at all. This could occur due to limited amount of
enzymatic substrate and Mo supplementation at the starting
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Figure 1. NR activity test by detection of its final product — NO,"

. The plant leaves were supplemented with KNO, and Na,MoO, by

spraying. In addition, deionized water was sprayed instead of molybdate on the other plant leaves as a control. Crude extracts were
collected daily for next ten days post-supplementation. The nitrite quantity was determined by correlating absorbance values to ng (per
gram of leave mass) using a standard curve (R?>0.95). Error bars represent standard deviation of technical triplicates.
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Figure 2. NiR activity test by detection of its final product — NO. The plant leaves were supplemented with KNO, and Na,MoO, by
spraying. In addition, deionized water was sprayed instead of molybdate on the other plant leaves as a control. Crude extracts were
collected daily for next ten days post-supplementation. NO was measured with nmol per gram of leave mass using a method described by
[15]. Error bars represent standard deviation of technical triplicates.
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day of experiments.

According to earlier studies, the potential application of
Rhizobium bacterial species could supply constant source of
nitrogen to crops [4]. This sort of natural biofertilizers needs
to be studied further to create reliable commercial products
for large-scale agricultural industries. This study suggests Mo
supplementation is also a key factor for nitrogen assimilation
especially in plants that grown in areas with naturally less mo-
lybdenum content. As such, this must be taken into consider-
ation in sustainable agriculture practices.

CONCLUSION

This study demonstrates that the chickpea plants can be
supplemented with enough source of molybdenum through fo-
liar fertilization for efficient level of nitrogen metabolism in
chickpea. Such fertilizers are needed I n all agriculturally im-
portant areas with naturally molybdenum-deficient soil as the
demand for global food security is increasing due to demo-
graphic growth on our planet. Taking into account that chick-
pea is one of the legume crops that can grow in a symbiosis
with bacteria that provides a significant source of nitrogen,
this biofertilization needs to be studied further in future for
a potential nitrogen fixation solution for other crops. Thus,
environmental-friendly fertilizers are in demand considering
the chemical pollution consequences leading to global cli-
mate change.
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JKAIMBIPAKTBIK TBIHAMTY APKbLIBI HOKATTAFbBI A30T AJIMACYBIH TYPAKTAH/IbIPY
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TYWUIH

A3OT ecIMIIKTEepAiH 6Cyi MEH JaMybl YIIIiH 6T¢ KaKeT eKeHi Oenrimi. XUMUSIIBIK THIHANTY ©CIMIIKTepAiH KOIIIUIITiHIH
a30TKa JIETeH KaKeTTUIIH KaMTaMachl3 €Ty IiH HeTi3ri CTpaTernsichl 00JbII Kana Oepce ae, OypIiuak JaKblIaapbl, COHbIH
IIIiH/Ie HOKAT a30TThl OEKITY YIIiH kWi OakTepusulapMeH TaOuru cuMOnosra ne. by perre MoinbIeH Ke3i a30T aliMacyblHa
KayanTbel MosmorodepMenTTepai OesceHIipy YIIiH a1 ae KaxeT. [lereaMeH, OyJ1 MOJTMO/ICH JKeTIiCIIECHTIH ToNbIparsl 0ap
KeiOip aiimakTapia Macesnere aiiHanaabl. COHIBIKTAH MOJIIMOIEH KOCTIAChl OCIMIIIKTEP/IE a30T OKCHJIIH aily YIIiH 6Te MaHbI3/bL.
MyHJ1a HOKaT ©CIMJITIHIH YJTrIepi HUTPAT MeH HUTPUTPeLyKTa3a OeICeH IUIIrIH TeKcepy YILIIH KarbIpaKThIK THIHAUTY
ApKBUIBI HUTPAT TICH MOJUOJICHMEH TOJBIKTRIPBULIABI. HoTmkeciHne, GepMeHTTIK OSIICeHIUTIK KOChIMINA KaObUIaFaHHAH
KeliiH Oec KYHHEH KeiH eTe )KOoFapbl eKeHIrl kepceTini. byl 3epTrey eciMaikTiH TaOBICTHI 6CyiH 0acKapy YIIiH MOJINOCH
THIHAUTKBIIITAPBIHBIH KAKETTUIITIH KOPCETE .

Herisri ce3aep: HOKAT; a30T armMacysr; MOTHOI0(EepMEHTTEP; MO0 ICH; KATBIPAKTHIK THIHANTY
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AHHOTALIUS

XOopoIIo U3BECTHO, YTO a30T HEOOXOAMUM JUIsl POCTa U Pa3BUTHUS paCTCHUH. XOTsI XUMUYECKOE YI00pEeHUEe OCTaeTCs
OCHOBHOM cTpaTerneit ooecrnedyeHus norpeOHOCTH OONBIINHCTBA PACTeHHUI B a30Te, 0000BBIE KyJIbTYPbI, TAKHE KaK HyT, 4acTO
BCTYIAIOT B €CTECTBEHHBIH cuMOK03 ¢ OakrepusmMu Juisl pukcanuu a3oTa. B Toxxe Bpemst, JuIsl akTHBAMK MOJIHO10(hepMEHTOB
A30THCTOr0 0OMeHa He00XO MM HUCTOYHMK MO0 IeHa. OJJTHAKO 3TO CTAHOBUTCS MPOOJIEMOI B HEKOTOPBIX paifoHax ¢ IoYBaMu
¢ nepunurom MonubaeHa. Takum oOpa3zom, 106aBkKM MoMOAEHA UMEIOT PElIaloliee 3HaYeHHEe JUIsl TPOU3BO/ICTBA OKCHA
a30Ta pacTeHUsIMH. B aHHOM ciydae o0pasibl pacTeHUH HyTa ObUIH JOTOJHEHbI HUTPATOM M MOJINOJICHOM IIOCPE/ICTBOM
BHEKOPHEBOH MOJIKOPMKH JJISl IPOBEPKM aKTHUBHOCTH HUTPAT- U HUTPUTPEAYKTa3bl. B pe3ynpraTe ObUIO MOKAa3aHO, YTO
(epMeHTaTHBHASI aKTHBHOCTH OYEHb BBICOKA Yepe3 ILITh JTHEH Mociie npreMa J00aBKH. DTO UCCIIeI0OBAaHUE JEMOHCTPHPYET
HEOOXOAMMOCTb MOJIHO/ICHOBBIX YJOOPEHUH ISl yCIICIIHOTO YIIPABICHUS! POCTOM PACTEHUH.

Ki1ioueBble c10Ba: HyT; a30THCTBII 00MeH; MOMO0(epMEHTBI; MOJNOIEH; BHEKOPHEBAS ITOJKOPMKA
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