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Abstract

A field trail was conducted at South Port Said, Egypt, during the two successive summer seasons of 2013 and 2014 to
study the physiological response of rice Giza 178 cultivar grown under saline soil conditions to decreasing the mineral
nitrogen fertilizer from 145 to 72 or 107 kg N/ha with adding bio-fertilizers i.e. yeast extract, azolla, blue green alga
and Rizobium rizobacter. Results indicated that plant height, leaf area index (LAl), crop growth rate (CGR), net
assimilation rate (NAR), photosynthetic pigments, dehydrogenase activity (DHA), soluble sugars, antioxidant enzymes
[ catalase (CAT), polyphenol oxidase (PPO) and peroxidase (POD)], potassium content, panicle length, panicle weight,
1000- grain weight, grain and straw yields were increased when plants received 107 kg N/ha plus spraying yeast
extract, followed by adding azolla, then blue green alga and Rizobium rizobacter without significant difference with the
treatment of 145 kg N/ha. While, significant increases were recorded in proline, sodium contents, and sodiunypotassium
ratio in leaves when plants received 72 Kg N/ha with Rizobium rizobacter followed by blue green alga then azolla and
finally yeast extract as compared with other treatments.

Key words: Bio-fertilizer, nitrogen fertilizer, rice, salt stress.

1. INTRODUCTION

Rice QOryza sativa L.,) is considered one of the most important sumaneps in North Delta and
new reclaimed lands in Egypt. Rice is one of thesthnoportant cereal crops of the world, grown in
a wide range of climatic zones, to nourish the nrahkBecause of the importance of rice for
supplying food, there is a demand for higher gyaééhd per unit area. It has been suggested that by
2025, global rice production must increase by ntbae 50% over the mid-1990 levels to meet that
demand (Peng and Yang, 2003; Walker et al., 20Ri8g crop considered moderately sensetive to
salt stress, and rice cultivars have a wide totevariation to salt stress (Khan and Abdallah, 2003
Kandil et al., 2010; Zayed et al., 2012). Howevamimizing the environmental pollution risks,
reducing production costs and increase grain yaeld farmer’'s income, are considered the most
important goal in rice production all over the veb(Koutroubas and Natos, 2003).

Bio-fertilizers are formulations of beneficial mb@mrganisms, which upon application can increase
the availability of nutrients by their biologicattavity which help to improve the soil properties.
Bio-fertilizer has been identified as an alternatiway for increasing soil fertility and crop
production in sustainable farming (ltelima et &018). The main idea of bio-fertilizers is that
secretion of various plant growth and health prongosubstances (Pandya and Saraf, 2010). Bio-
fertilizers are low cost, effective and renewalderse of plant nutrients to supplement chemical
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fertilizers (Boraste et al., 2009; Shrivastava Eadhar 2015). However, mineral nitrogen fertilizers
as they have a good effect on plant productivige &ave a pollutant effect on the environment and
affects human and animal health (Wopereis et @062

Previous studies pronounced that yeast is thegidwurce of protein, as well as amino acids like
lysine, tryptophan etc., contains minerals and el@s) namely calcium, cobalt, iron etc. and the
best sources of the B-complex vitamins such asB21,B6 and B12. However, yeast extract is a
valuable source of phytohormones especially, cyiiaki so yeast extract enhances cell division and
enlargement and works as a readily available grosupplement for plants and subsequently
improve plant production and crop yield (Amer, 20Ghoname et al., 2009).

Azolla is a free-floating, eco-friendly, fast-growing wafern having symbiotic, heterocyst-forming
and N-fixing cyanobiont,Anabaena azollae in their leaf cavities, which fulfils the N reqament

of the symbiotic system through,ffixation. Due to N-fixation, organic carbon and available
phosphorus, it is mostly used in agriculture toriove the fertility of soil and to replace the uge o
chemical fertilizer. The flooded rice fields are i@eal environment for the growth of azolla and
that is why it is also extensively used as a mao#akle biofertilizer for the rice fields to imprev
the N-balance within the few weeks (Prasanna et28l08; Bhuvaneshwari and Singh, 2015).
Azolla, besides able to supply nitrogen to the gogp, it is beneficial in rice fields for bringing
some of changes like decreasing soil pH and watapérature, inhibit Nklvolatilization, prevent
weeds and mosquito proliferation (Pabby et al. 4200

Cyanobacteria or blue green algae (B@#abaena sp.) as nitrogen-fixing microorganisms are a
diverse group of prokaryotes that form complex esgimns with bacteria and green algae.
Application of BGA in the rice paddy fields promstdace growth and yield (Begum et al., 2011,
Shridhar, 2012; Roy and Srivastava, 2013).

Plant growth promoting rhizobacteria (PGPR) appilicamay be proper in developing strategies to
facilitate plant growth indirectly by reducing ptamathogens, or directly by facilitating the uptake
of nutrients from the environment, by influencingoguction of phytohormone (e.g. auxin,
cytokinin and gibberellins) and siderophores angleesk salt stress conditions (Vessey, 2003;
Kohler et al., 2006). PGPR strains, that IAA-overhicing, enhancing plant protection against salt
stress due to high antioxidant enzyme activitigar{Bo et al., 2009). However, PGPR can increase
quantity and quality of crop yield, efficiency dfi@mical fertilizers and tolerance to abiotic stesss
as one of the suitable ways to conserve environrfiggsget and Shamsuddin, 2010; Moussa and
Youssef, 2012).

Therefore, this study was designed to evaluateinflaences of different bio-fertilizers with
decreasing the nitrogen fertilizer on growth areld/iof rice plants and the possibility to amelierat
salt stress.

2. MATERIALS AND METHODS

The present work was carried out at South Port Said., Egypt (31° 08’ 42” N 32° 17’ 36" E)
during two successive summer seasons of 2013 ab#ltdGstudy the physiological response of rice
plants grown in saline soil to some biofertilizemsd decreasing nitrogen fertilizer for growth,
dehydrogenase activity, soluble sugars, antioxidamzymes, yield, vyield components,
photosynthetic pigments and proline contents asasaNa/K" ratio.

The experiment was laid out in randomized compdtek design (RCBD) with four replicates and
each plot was 10.5m

The soil physical and chemical properties of thpeenental site in seasons 2013 and 2014 are
presented in the Table 1.
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Table 1. The soil physical and chemical properties of the experimental site in seasons 2013 and 2014.

EC pH Cations (ml equevlant/L) Anions (ml equevlant/L)
Season 125 Texture
(dsm?) (1:2.5) ca*® | mg” Na K* | COy | HCOy Cr SOy
2013 | 7.57| 805| clay] 9.84 1164 6224 234 a 1.0 .965 19.15
2014 | 7.21 7.98 clay| 10.05 | 11.56 | 60.07 | 2.45 - 1.03 64.21 | 18.89
Rice grains cv. Giza 178 were sown ofl &nd 11" June in the first and second seasons,

respectively. 36 kg #s/ha was added as calcium super phosphate (15.6%p #® soil preparation.
Nitrogen treatments in the form of urea (46% N) wadgled in three doses at 20, 35 and 50 days
after sowing (DAS).

The treatments were as follows:145 kg N/ha (Coptit2 kg N/ha + Yeast extract, 72 kg N/ha +
Azolla, 72 kg N/ha + Blue Green Alga, 72 kg N/h&izobium rizobacter, 107 kg N/ha + Yeast
extract, 107 kg N/ha + Azola, 107 kg N/ha + Blue@&r Alga, 107 kg N/ha Rizobium rizobacter.

Where: - Yeast extract was sprayed as 10 g/L an2540 DAS,
- Azola was added fresh as 1.2ton/ha at 25 DAS,
- Blue Green Alga (BGA) was sprayed as 4liter/haSaa@d 40 DAS,
- Rizobiunrizobacter sprayed as 25liter/ha at 25 and 40 DAS.
The yeast, azola, cyanobacteria and Rizobium riebawere supplied by Agricultural
Microbiology Dept., Soils, Water and EnvironmentsBarch Institute, Agricultural Research
Center, Giza, Egypt.
Other, cultural practices were applied accordintheomethods being adopted for growing rice crop
in the locality.
To calculate growth traits, five plants were ranéiotaken from each plot at 65, 80 and 95 days
after sowing (DAS). Plants were dried at 70 °C wer to a constant weight. According to Hunt
(1990) formulas, the following traits were deteradn
- Leaf area index (LAI) = leaf area per plant/groamela occupied by plant
- Net assimilation rate, in ghtday (NAR) = (W-W1) (10ge Ax-l0ge A1)/(A2-A1)(to-ty).
- Crop growth rate, in g/Aiday (CGR) = (W-W,)/(to-ty).
Where:
« A,-A.= differences in leaf area between two sampleg)(cm
* W,-W;= differences in dry matter accumulation of whdienps between two samples in (Q).
* to-t;= Number of days between two successive samplg3. (da
* loge = Natural logarithm.

- Soil microbial activity was evaluated in rice sdilzosphere samples at 65, 80 and 95 DAS,
in terms of dehydrogenase activityg[ triphenylformazan (TPF) g dry sdday'], which
determined according to Skujins (1976).

At 80 days after sowing (DAS), the following traitere determined:

- Photosynthetic pigments (chl a, chl b and carote®)i in mg/g fresh weight, according to
Metzener et al. (1965).

- Soluble sugars using modifications of the proceslbseYemm and Willis (1954).

- Catalase, polyphenol oxidase and peroxidase aetwatccording to Kar and Mishra (1976).
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- Leaf proline concentration, in pg/g fresh weigltc@ding to Bates et al. (1973).

- Potassium and sodium content in rice plant asmkwpldry weight, according to Allen et al.
(1974).

Harvesting took place at 3/10/2013 and 9/10/201thénfirst and second seasons, respectively. At

harvest time, plant height (cm), panicle length cpanicle weight (g), 1000-grain weight (g),

grain and straw yields (t/ha) were determined.

Data of the two seasons were statistically analymeording to Steel and Torrie (1980).

3. RESULTS AND DISCUSSIONS

Growth and growth analysis:

Plant height, crop growth rate and net assimilatiorrate

Data in Table 2 indicate that plant height, cropvgh rate and net assimilation rate decreased with
decreasing nitrogen dose to 72 kgN/haplus bioieetis compared to 145 kg N/ha. When rice plants
received 107 kg N/ha and biofertilizers insignificadifferences were achieved with control
treatment. In general terms, those behaviors efglant height, CGR and NAR were caused by the
influence of nitrogen content in the medium, whicdluld be supplied through different ways and
means, as reported earlier (Bhuvaneshwari and K#@a8; Bhuvaneshwari and Singh, 2015).
Therefore, application of bio-fertilizers with mnad nitrogen not only serve to provide plants with
significant amount of nitrogen, but also enablesetieb use of nitrogen added by mineral
fertilization and thereby, a higher dry mass prdidunc Similar results were recorded with
application of biofertilizers on rice byPimratchatt (2015); on faba bean by EI-Shafey et al. (2016
and on maize by Abido et al. (2017).

Table 2: Plant height, crop growth rate (CGR) and net assimilation rate (NAR) of rice plants as affected by bio-
fertilization in saline soil for two summer seasons of 2013 and 2014.

CGR (g/nr/day) NAR (g/nf/day)
Plant height (cm) (65-80day) (80- 95 day) (65-80day) (80- 95 day)
Treatments 2013 2014 2013 2014 2013 2014 2013 2014 2013 2014
145kg N/ha (Control) 90.50 91.00 26.54 26.72 29.90 30.08 11.34 11.36 7910. 10.81
72 kg N/ha + yeast extract 82.75 83.00 21.76 21.89 24.33 24.43 8.31 8.32 7.68 7.70
72 kg N/ha + Azola 81.50 82.00 21.34 21.60 24.19 24.29 8.28 8.29 7.64 7.66
72 kg N/ha + BGA 82.25 82.50 21.27 21.46 23.98 24.02 8.20 8.21 7.60 7.61
72 kg N/ha + Rhizobium 82.00 82.25 20.62 20.79 23.23 23.58 8.17 8.18 7.58 7.59
107 kg N/ha + yeast extract 90.25 90.50 26.23 26.40 29.82 29.92 11.32 11.33 7710. 10.79
107 kg N/ha + Azola 90.00 90.00 26.07 26.21 29.62 29.77 11.30 11.31 7410. 10.75
107 kg N/ha + BGA 89.50 89.75 25.88 25.98 29.41 29.50 11.28 11.29 7110. 10.72
107 kg N/ha + Rhizobium 89.00 89.50 25.31 25.63 29.20 29.32 11.25 11.26 6810. 10.70
LSD 0.05 1.46 1.44 0.3 0.2 0.19 0.17 0.16 0.17 70.1 0.18

Where:BGA= blue green alga.
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Leaf area index (LAI)

The effect of decreasing nitrogen dose with appboasome bio-fertilizers on rice plant leaf area
index is presented in Fig. (1). Rice plants rea@iv2 kg N/ha plus biofertilizers were decreased in
LAl at 65, 80 and 95 DAS as compared with plantered 145 kg N/ha (control) in the two
seasons. While, plants received 107 kg N/ha plaoddstilizers showed insignificant increase in
leaf area index with plants that received 145 kigaNTThe stimulatory effect of yeast extract, azolla
BGA and Rizobium rizobacter can be attributed to the increased contents ¢dréifit nutrients as
well as the high concentration of protein, vitanBinand natural plant growth regulators such as
cytokinins (Fathy and Farid, 1996). The physiolagimles of vitamins and amino acids in bio-
fertilizers can increase the metabolic processeéslewrels of endogenous hormones which in turn
encourage vegetative growth of rice plant (Amprayal. 2012). Those results are in harmony with
that obtained by Radwan et al., (2008); Abbas.e{2015); Bhuvaneshwari and Singh (2015).
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Fig. 1. Effect of different nitrogen doses and bio-fertilizers on rice leaf area index in two summer seasons

Dehydrogenase activity

Dehydrogenase activity (DHA) was determined asiteran of respiration rate and total
microbial activity in the rhizosphere of rice plamder different investigated treatments. Figuje (2
illustrated that application of bio-fertilizers ganigher values of DHA, where the highest values of
DHA were achieved when plants received 107 kg ha azola, BGA oR. rizobacter in the two
seasons as compared to 145 kg N/ha treatment withiotertilizers. Data also revealed that
nitrogen had a major impact in DHA reaching thehlegf activity at 145 kg N/ha. In addition,
dehydrogenase activity in various treatments weghdn after 95 DAS. This may due to the
difference in multiplication rate of different sailicroorganisms which usually be maximum during
boating and grain filling stages. Such differencesild be attributed to the qualitative and
guantitative changes in the nature of root exuddtesg different growth stages. These results are
in harmony with Abbas et al. (2015); EI-Gamal andHBwary (2016).
Photosynthetic pigments
Chlorophyll a, chl b and carotenoids in rice platitsated by some bio-fertilizers with reducing
nitrogen dose under salt affected soil are predenté&ig. 3. Rice plants received 72 kg N/ha plus
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yeast extract, azolla, BGA &. rizobacter showed significant decrease in photosynthetic pigs
While, application of 107 kg N/ha plus biofertilizaehad insignificant increase in the photosynthetic
pigments as compared to plants received 145 kg Mihie two seasons. In this regard, the
negative effects of abiotic stress on photosynthptgments may be due to the inhibition of
chlorophyll biosynthesis or increase of its degtaaaby chlorophyllase enzyme, which is more
active under stresses.Regulation of metabolic aexeldpmental processes by photosynthetic
pigments often depends on nitrogen supply, theeeftire assay of rice photosynthetic pigment
contents may serve to optimize rice fertilizatienttnologies. However, the potential effect of bio-
fertilizers is providing the nutrient elements negdby plants besides some other beneficial
compounds that help plants to withstand abiotessticonditions. Results of the present study are in
agreement with that reported by Al-Erwy et al. (@01
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Fig. 2. Effects of different nitrogen doses and bio-fertilizers on microbial activities expressed as soil dehydrogenase
activity at growth periodsin two summer seasons
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Fig. 3. Effects of different nitrogen doses and bio-fertilizers on photosynthetic pigments (chlorophyll a, b and
carotenoids) in leaves of rice plantsin two summer seasons
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Soluble sugars and antioxidant enzymes

The soluble sugars content and antioxidant enzyifeasalase (CAT), polyphenol oxidase (PPO)
and peroxidase (POD)) activities in leaves of mgtants were presented in Fig. 4. Rice plants
treated with 72 kg N/ha plus bio-fertilizers hae tbwest values of soluble sugars, CAT, PPO and
POD in the two seasons as compared with plantsetteaith 145 kg N/haonly as control. While,
rice plants received 107 kg N/ha and biofertilizbesl insignificant difference in soluble sugars,
CAT, PPO and POD compared to control. It seemsvihah plants are subjected to various abiotic
stresses, some reactive oxygen species (ROS) suslparoxide (&), hydrogen peroxide (1D,),
hydroxyl radicals (OH) and singlet oxygen ({p are produced. These ROS may initiate destructive
oxidative processes such as lipid peroxidationprdmphyll degredation, protein oxidation and
damage to nucleic acids. Antioxidant enzymes’ @gtiwas increased when plants were exposed to
stress. Improvement of plant growth under stressfivironments could be due to the significant
role of the enzymatic antioxidant system in alléeia of oxidative impact, and this mechanism has
been generally pointed out in wheat (Mandhanial.e2806). Ma et al. (2011) reported that bio
fertilizers can improve plant tolerance to salindyought and flooding, and enable plants to serviv
under unfavorable environmental conditions. Rexflthe present study are in agreement with that
reported by Babaei et al. (2017).
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Fig. 4. Effects of different nitrogen doses and bio-fertilizers on soluble sugars content (A), catalase activity (B),
polyphenol oxidase activity (C) and peroxidase activity (D) in leaves of rice plantsin two summer seasons

12

http://www.natsci.upit.ro
*Corresponding author, E-mail addresthawaryy@yahoo.com




Current Trends in Natural Sciences Vol. 8, Issue 15, pp. 0&-2019

Current Trends in Natural Sciences (on-line) Current Trends in Naturaiébces (CD-Rom)
ISSN:2284-953X ISSI9284-9521
ISSN-L:2284-9521 SIS-L: 2284-9521

Proline sodium, potassium concentrations and N& " ratio

Data of proline, sodium and potassium contentselsas N&a/K™ ratio of rice leaves are shown in
Table 3. The highest values of proline, sodium eontand N&K"™ ratio were found from
application of 72 kg N/ha with biofertilizers esply with R. rizobacter in the two seasons as
compared with control plants received 145 kg NM#ile, plants received 107 kg N/ha plus
biofertilizers had decreases in proline, sodiumteonand N&K™ ratio and insignificant with
plants received 145 kg N/ha. On the other handhitjieest value of Kcontent was obtained in rice
plants treated with 145 kg N/ha and plants receil@d kg N/ha plus bio-fertilizers application.
While, the lowest values were gained from applaraf 72 kg N/ha plus bio-fertilizers especially
R. rizobacter in the two seasons. The bio-fertilizers applicatomuld improved the biotic stress
effect and subsequently proline content decreased.

Table 3. Proline, sodium (Na"), potassium (K*) concentrations and Na'/K" ratio of rice leaves at 80 DAS as affected
by bio-fertilization in saline soil for two summer seasons of 2013 and 2014

Proline (ug /g Na' Leaf content K™ Leaf content
FW) (mmole/kg) (mmole/kg) Na'/K" ratio

Treatments 2013 2014 2013 2014 2013 2014 2013 2014
145kg N/ha (Control) 93 91 349 347 587 589 0.59 0.59
72 kg N/ha + yeast extract 119 117 541 539 436 439 1.24 1.23
72 kg N/ha + Azola 122 120 543 541 431 434 1.26 1.25
72 kg N/ha + BGA 123 121 545 543 424 427 1.29 1.27
72 kg N/ha + Rhizobium 128 126 549 546 420 423 1.31 1.29
107 kg N/ha + yeast extract 92 90 353 351 581 584 0.61 0.60
107 kg N/ha + Azola 96 94 355 353 578 581 0.61 0.61
107 kg N/ha + BGA 98 96 358 356 577 580 0.62 0.61
107 kg N/ha + Rhizobium 100 98 360 358 575 578 0.63 0.62
LSD 0.05 13 13.3 17.9 16.8 14.42 16.6 0.06 0.07

Yield and yield components

Data in Table 4 shows the panicle length, panictégtt, 1000-grain weight, grain yield, straw
yield as well as harvest index of rice plants. Bldreated with 72 kg N/ha plus bio-fertilizers §gé
extract, azolla, BGA andR. rizobacter) showed significant decrease in yield as compavid
plants received 145 kg N/ha. However, applicatibrd@/ kg N/ha plus bio-fertilizers showed an
increase in yield with insignificant difference @ampared to control. This increment of grain yield
may be due to the positive effect of yeast andrdbi@fertilizers which play an important role in
assimilation processes of rice plants (Abbas et2all5; Bhuvaneshwari and Singh, 2015).
Moreover, yeast and other biofertilizers were sstgg to participate in a beneficial role during
vegetative and reproductive growths through imprgwiower formation and yield in some plants
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(Lonhienne et al., 2014). Biofertilizers are alspable of producing growth promoting substances,
as auxins and hormones (IAA and GA3), amino acms\atamins in their cultures which reflected
on enhancing yield and reduce nitrogen applicatestilizer (El-Shahat et al., 2014; Hassan and
Bano 2015; Mohamed and Almaroai, 2016; Mohamedl €2@18).

Table 4. Yield and yield components of rice plants as affected by bio- fertilization in saline soil for two summer
seasons of 2013 and 2014

Panicle length Panicle 1000-grain Grain yield Straw yield
(cm) weight (g) weight (g) (t/ha) (t/ha) Harvest index

Treatments 2013 2014 2013 2014 2013 2014 2013 2014 2013 2014 2013 2014
145kg N/ha (Control) 22.25 2250 3.81 3.83 24.73 2490 6.88 7.09 10.230.63L 40.23 39.99
72 kg N/ha + yeast extract 1875 18.88 281 284 1951 19.67 5.02 508 8.04 418. 3841 37.66
72 kg N/ha + Azola 18.38 1850 2.77 279 19.35 1950 490 4.98 7.83 05 8. 38.49 38.23
72 kg N/ha + BGA 18.00 18.13 2.74 277 19.11 19.23 474 481 7.77 77 7. 3791 38.23
72 kg N/ha + Rhizobium 17.75 17.88 272 274 18.97 19.05 4.57 4.65 7.78 78 7. 37.00 37.41
107 kg N/ha + yeast extract ~ 22.25 2263 380 385 2469 2492 6.92 7.13 10.220.511 40.37 40.44
107 kg N/ha + Azola 22.00 2225 377 3.79 2457 2467 659 6.71 10.190.191 39.26 39.69
107 kg N/ha + BGA 21.50 21.75 3.75 3.77 24.08 2416 6.36 6.48 10.080.08L 38.68 39.12
107 kg N/ha + Rhizobium 21.13 2125 373 375 2382 2395 6.19 6.32 9.96 969. 38.32 38.82
LSD 0.05 0.76 0.74 0.18 018 023 025 039 041 430. 0.39 1.50 1.30

4. CONCLUSIONS

In view of the obtained results, it can be concltide application of 107 kg N/ha plus biofertiliger
in forms of yeast extract, azolla, cyanobacteridRorizobacter in rice fields can reduce 25% of
nitrogen fertilizer requirements and could imprdke salinity stress in salt affected soils at East
Delta region of Egypt.
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