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ABSTRACT

Applicability of compost tea, cyanobacterial strains of Anabaena cylindrica, Nostoc calcicola and their
extracts for enhancing growth and productivity of wheat plant were tested under glass house conditions.
Individual and mixture with doses of inorganic nitrogen were the main treatments of the presented work. Results
indicated that all the tested treatments were varied significantly in their effects during the tested three growth
phases of 60, 90 and 120 days from planting. Due to use of CzsTNANEAE (N 75 % + compost tea + Nostoc
calicola , Anabaena cylindrica and their extracts), highly significant increase in vegetative and yield growth
parameters, chemical content and NPK content ( in shoot, root, straw and grains) were obtained. Biofertilizers
treatments were found to have pronounced increase in the number of viable bacterial count and the N2-fixing
cyanobacteria in soil. So, utilization of the cyanobacterial inoculum which containing Anabaena cylindrica and
Nostoc calcicola, their extracts and compost tea in the presence of 75% dose of N for enhancing growth and yield

of wheat plant and reduce chemical fertilizers usage were recommended.
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INTRODUCTION

Wheat plant has a vital part of the traditional diet and
one of the highest per capita consumption rates in the world
(McGill et al., 2015). Nowadays, many efforts for wheat
production with low cost and high efficiency and with
increasing of awareness of environment by applying of bio-
organic fertilizers such compost tea and cyanobacteria that
may contribute to sustainable agro-ecosystems and decrease
the pollution of the agricultural environment through reduce
dependent on inorganic fertilizers (EI-Bably et al., 2018).

Cyanobacteria are  the  most  important
microorganisms in terms of soil fertility and bioactivity.
These species are important in this system because they
provide a constant supply of fixed nitrogen (Roger and
watanabe, 1986). Compost tea is used as a viable alternative
to traditional fertilizer systems in several applications
(Scheuerell and Mahaffee, 2002). Cyanobacterial extracts are
fertilisers can be prepared a by different materials such as
water (Shariatmadari et al., 2013) and chemicals such as
methanol (Chookalaii, 2020) wused to have final
cyanobacterial extract.

Hauka et al. (2012) reported that the plant growth
promotion provided by inoculation with mixed better than
alone or when the strains were mixed in a consortia inoculum.
Also, Rana et al. (2012) found that Anabaena sp. CW1,
Calothrix sp. and Anabaena sp. CW2 improving the
nutritional quality of wheat grains, in terms of protein content
and important micronutrients (Fe, Cu, Zn, and Mn). El-
Zemrany (2017) found that dry weight of the inoculated plant
seedlings root with Nostoc muscorum and Anabaena
variabilis augmented by more than 3-fold of the control,
wherever the shoots were promoted by more than 36% as
compared to the control.
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Burjus et al. (2020) studied that mixed of
cyanobacteria with less mineral fertilizers was provided
wheat growth and yield similar to that achieved by the rate of
urea (46% nitrogen) and diammonium phosphate.
Application of Anabaena circinalis and Nostoc commune
improve yield, yield components, number of spikes /pot,
number of grains / spike, chlorophyll, flag leaf area (cm?), and
protein % of wheat compared with control under salinity
effects.

Afify et al. (2019) and Abou Elatta et al. (2019)
showed the effect of (Anabaena oryzae D and Nostoc
muscorum K) on rice. The result indicated that highly
significant increase in plant height, panicle length, number of
tillers/plant, number of panicles/plant, biomass and grain
yield t/ha. On the other hand, there were no significant for
1000 grain weight and harvest index. The cyanobacteria have
been saved the inorganic nitrogen application by 20-25%
compare  with  recommended nitrogen  application.
Cyanobacteria can be considered a promising source for the
development of new biostimulants as they are known to
produce a variety of biologically active molecules that can
positively affect plant growth, nutrient use efficiency,
qualitative traits of the final product, and increase plant
tolerance to abiotic stresses (Santini et al., 2021). El-Bably et
al. (2018) showed substantial improvements in the vegetative
growth parameters tested, i.e., plant height, number of
branches, stem diameter, aerial fresh and dry weights due to
all treatments, with relative superiority of the foliar spraying
with cyanobacterial extract and compost tea procedue.

Therefore, aim of the present study was to determine
the effect of inoculation with two cyanobacterial strains, their
extract and compost tea as individual or mixture with doses of
inorganic nitrogen on the growth and yield of wheat plant.
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MATERIALS AND METHODS

Cyanobacterial strains

Anabaena cylindrica and Nostoc calcicole as fixed
nitrogen Zaki et al. (2021) were isolated and identified by
Zaki (2022) in Microbiol. Dept., Fac. of Agric. Mansoura
Univ., Mansoura, Egypt.
Soil samples collection

Soil samples were collected from different sites in El
— Dakahlia and Kafr EI-Sheikh governorates. Some physio-
chemical properties of soil samples collected for
cyanobacteria isolation were analysed according to Piper
(1950) and Jackson (1958) and soil textural were clay loam
(Afify et al., 2022).
Wheat grain

Wheat grains (Triticum aestivum L.) cv. Gemmiza 12
were kindly obtained from Wheat Research Institute,
Agricultural Research Center (ARC), Saka, Kafr El sheikh,
Egypt.
Mineral fertilization

The pots soil was plowed three times in perpendicular
directions. Phosphate fertilizer at 15 kg phosphorus pentoxide
(P-Os)/fed was broadcasted as calcium super-phosphate (15%
P,Os) on the dry soil surface (El-Saadny, 2013). Nitrogen
fertilizer in the form of urea (46.5%N) at the rate of 37.5,
56.25 and 75 kg N/fed which represent 50% ,75% and 100 %
from the final recommended doses was applied in to equal
doses, before the first and second irrigation. Potassium
fertilizer in the from potassium sulphate (48% K:O) at the rate
of 24 kg K/fed was applied with the first dose of nitrogen
fertilizer.
Compost tea

Compost water extract (Compost Tea) was added
three times with foliar spray at a rate of (1:5 v/v) till the end
of the experiments and was brought kindly from Agric.
Micrabiol. Dept., Agric. Res. Center (ARC), Sakha, Kafr El
sheikh, Egypt.
Preparation of cyanobacterial extracts

The two selected cyanobacterial strains (Anabaena
cylindrica and Nostoc calcicole ) were cultured in 500 ml
flasks containing BG-11p medium for 14 days under
continuous illumination (5000 lux) and at 28-30°C, with
constant agitation. Cultures were harvested and cells were

washed with distilled water. Cell extracts were prepared by
grinding the cyanobacterial growth in distilled water with a
mortar and blender. Cyanobacterial extract containing 5.0 g
of fresh cyanobacterial material in 500 ml of distilled water is
considered a 1% extract (Shariatmadari et al., 2013).
Cyanobacterial extracts were added three times with foliar
spray for pots received this treatment.
Standard cyanobacterial inoculum preparation for pot
experiment

The standard inoculums of the selected cyanobacterial
strains were prepared by inoculating Erlenmeyer flasks (500
ml) containing 250 ml of modified BG11, broth medium with
a loopfull of 21 days old culture of each ones. Inoculated
flasks were incubated at 28-30°C under continuous
illumination (5000 lux) for one month before application in
the pot experiment. Inoculum was prepared using a sieved
clay soil (as a carrier) just before pot application, by adding
100 ml of homogenous cyanobacterial growth to amounts of
1 kg carrier. Mean number of cyanobacteria (as cfu) in the
inoculants were determined using the MPN method as
recommended by Cochran (1950). Mean numbers of
cyanobacteria was found to be 1.5x107 cfu/ml. The soil-based
cyanobacterial inocula (SBI) that were prepared as described
by Venkataraman (1972), were inoculated to pots 10 days
after wheat sowing at the rate of 10 kg SBI fed?®. The
cyanobacterial inoculation was carried out only for pots
received this treatment.
Pot experiment

A pot experiment was carried out at the glass house in
Faculty of Agriculture, Mansoura University, Mansoura,
Egypt during the winter season of (2018) to study the
comparison between bio-fertilization as inoculants of the
most efficient cyanobacterial strains (that identified as Nostoc
calcicola and Anabaena cylindrica by Zaki (2022) and their
extracts as well as tea compost on the growth and yield of
wheat. The experiment was arranged as a completely
randomized design with three replicates which means three
pots for every treatment. Pots with 35 cm height and 30 cm in
diameter were filled with 8 kg sandy soil each. Before baking
the pots, the soil was thoroughly mixed uniformly with
phosphate and potassium fertilizers. The treatments were as
recorded in Table (1).

Table 1. List of treatments and abbreviations used in the results

No. Treatment Abbreviations
1. Control 100 (Mineral fertilizer N 100%) Cio
Control 75 (Mineral fertilizer N 75%) Crs
3 Control 50 (Mineral fertilizer N 50%) Cso
4, Czs+ Nostoc calcicola + Anabaena cylindrica CssNA
5. Czs+ Nostoc calcicola Extract + Anabaena cylindrica Extract CsNEAE
6 Crs+ Nostoc calcicola Extract + Anabaena cylindrica CsNEA
7 C7s+ Anabaena cylindrica Extract + Nostoc calcicola C7sAEN
8. Czs+ Compost Tea + Nostoc calcicola + Anabaena cylindrica CsTNA
9. C7s+ Compost Tea + Nostoc calcicola Extract + Anabaena cylindrica Extract CisTNEAE
10. Czs+ Compost Tea + Nostoc calcicola Extract + Anabaena cylindrica CsTNEA
11 C7s+ Compost Tea + Anabaena cylindrica Extract + Nostoc calcicola CsTAEN
12. Czs+ Compost Tea + Nostoc calcicole + Anabaena cylindrica + Nostoc calcicola Extract + Anabaena cylindrica Extract CrsTNANEAE
13. Cso+ Nostoc calcicola + Anabaena cylindrica CsoNA
14, Cso+ Nostoc calcicola Extract + Anabaena cylindrica Extract CsoNEAE
15. Cso+ Nostoc calcicola Extract + Anabaena cylindrica CsoNEA
16. Cso+ Anabaena cylindrica Extract + Nostoc calcicola Cs0AEN
17. Cso+ Compost Tea + Nostoc calcicola + Anabaena cylindrica CsoTNA
18. Cso+ Compost Tea + Nostoc calcicola Extract + Anabaena cylindrica Extract CsoTNEAE
19. Cso+ Compost Tea + Nostoc calcicola Extract + Anabaena cylindrica CsoTNEA
20. Cso+ Compost Tea + Nostoc calcicola + Anabaena cylindrica Extract CsoTNAE

21. Cso+ Compost Tea + Nostoc calcicole + Anabaena cylindrica + Nostoc calcicola Extract + Anabaena cylindrica Extract CsoTNANEAE
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Vegetative plant analyses

A sample was collected at 60, 90 and 120 day after
wheat sowing, transplanting and the harvest stage. Then,
different morphological parameters of plant growth [plant
height (cm), root height (cm), number of leaves/plant, number
of tillers/plant, number of spikes/plant, fresh weight (g/plant),
dry weight (g/plant), root fresh weight (g/plant), root dry
weight (g/plant) and weight of 1000-grain (g)] were assessed.
A random sample was taken from threshed grains to measure
the 1000-grain weight (g). One thousand air dry wheat grains
were weighed.

Pigments plant analyses

Chlorophyll a, b (mg g! FW) was estimated
according to Sadasivam and Manickam (1996). The
carotenoids (mg 100g?) content was determined
spectrophotometer by the procedure postulated by Ranganna
(1997). And total Chlorophyll content was estimated in fresh
leaves according to Hoel (1998). All the pigments were
estimated in fresh leavs.

Chemical plant analyses

N, P and K concentrations in plant tissues were
determined according to Gotteni etal. (1982). Total Nitrogen
was determined using Micro kjeldahl apparatus as described
by Jones et al. (1991). Total phosphorus was determined
colorimetrically as indicated by spectrophotometer (Mousa et
al. 2018). And total potassium was estimated by using Jenway
Flame photometer, Model corning 400 according to the
modified method of Peters et al. (2003).

Microbiological analysis

Bacterial total counts and total counts of cyanobacteria
were determined in soil samples which collected after 60, 90
and 120 day. To enumerate the number of viable bacteria in soil
samples, the pour plate method was used (Skerman and Hillard
1967). From each dilution three replicates were prepared.
Colony counts of bacteria were counted after incubated for 3
days at 30°C. The total number of colonies was recorded as cfu
(colony forming units) per gram of dry soil.

Method used for cyanobacterial count was the most
probable number (MPN) technique using the modified
Watanabe medium (Watanabe et al. 1951 and EI-Nawawy et
al. 1958). Colonies of cyanobacteria were counted as
described by tubes that were incubated at 30°C under
continuous light of 120 cm long white fluorescent lamps
intensity of 2500 lux after ten days of incubation.

Statistical analysis

The obtained experimental data were statistically
analyzed using COSTAT (2005) software of analysis of
variance (Gomez and Gomez 1984). The means were
compared using Duncan multiple range test at p= 0.05 as
outlined by Snedecor and Cochran (1980).

RESULTS AND DISCUSSION

Nitrogen-fixing cyanobacteria and bacterial rhizosphere
soil content

Cyanobacteria strains and total microbial count in soil
were varied according to the inoculated Nostoc calicola and
Anabaena cylindrica in Figs. (1 and 2). The count was the
highest with inoculation with mixture with 75% nitrogen
fertilization + compost tea + Nostoc calicola and Anabaena
cylindrica in soil and extract after 90 days attained the highest
number for viable counts 5.01 and 7.63 X10°CFU compared
to those recorded by the other tested treatments (Fig. 1). As

for the No-fixing cyanobacteria found that the highest count
was obtained with CsTA after 90 days 3.74 X103CFU which
was near to 60 day 3.44 X10°CFU (Fig. 2).

This result is similar to those repoted by Afify et al.
(2018) the most active cyanobacteril isolates for nitrogenase
activity were Nostoc and Anabaena. Also, El-Sawah et al.
(2018) found that the highest nitrogenase avtivity (N2-fixing
capacity) was due to Noctoc muscorum. EL-Zawawy (2019)
found that inoculation with mixture cyanobacteria with 60
nitrogen level/fed and 60 days recorded the highest number
for viable counts compared to those recorded by the other
tested cyanobacteria species.
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Fig. 1. Total bacterial counts (X103CFU) in rhizosphere
soil affected by A. cylindrica, N. calicola, their
extracts and compost tea comparing with different
levels of nitrogen mineralization.
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Fig. 2. No-fixing cyanobacteria counts (X10°CFU) in
rhizosphere soil affected by A. cylindrica, N.
calicola, their extracts and compost tea comparing
with different levels of nitrogen mineralization.

Vegetative growth parameters
Data at Table (2) presented the effect of N fertilization

rates, compost tea, Nostoc calicola, Anabaena cylindrica soil

and extract addition in solo way or mixed together on plant
height of wheat plant through three growth stages (60, 90 and

120 days from planting).

Data in Table 2 revealed that the maximum growth of
wheat plant in all growth parameters after 120 days was
measured in treated with C;sTNANEAE (N 75 % + compost
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tea + Nostoc calicola , Anabaena cylindrica soil and extract).
The lowest values of all parameters recorded with the treatment
Cso (N 50%). While, other treatments of N fertilization levels,

compost tea enriched with strain and extract Nostoc calicola ,
Anabaena cylindrica soil and extract were moderated.

Table 2. Vegetative growth parameters of wheat plants (for 120 days) affected by A. cylindrica, N. calicola, their extracts

and compost tea comparing with different levels of nitrogen mineralization.

Plant length Shoot fresh weight Shoot dry weight No. of leaves/ No. of tiller/
cm g/plant g/plant plant plant

Treaments  Tg e 0 60 % 10 60 % 10 o W 10 o % 10

days days days days days days days days days days  days days  days
Cioo 4537c 7761b 8399d 1296d 1296d 27.1d 349dd 747dd 11.35d 1900cde 2267ad 1367abc 4.67abcd 500abc 6.33ab
Cs 39.74f 712e 7817h 1063h 1063h 2273y 275hh 604i 986h 1800def 21.33ag 1200cde 400abcd 4.33abc 5.67ab
Cs 3013k 59.70i 6640p 7.3lp 731p 1499n 14800 376q 746p 1533h 1733h 867g 200e 267d 300c
CuNA 4347d 7583c 8215e 1222 1222¢ 2579% 328ee 703e 1086e 19.33bcd 2200ae 1333ahc 4.30abcd 467abc 6.00ab
CnNEAE 4194e 7367d 8064g 11479 11479 24.71f 307gg 658h 1051g 1867de 2167af 1300bcd 430abed 467abc 5.67ab
CnNEA 426de 744cd 8l46f 11.82f 11.82f 2547e 3.16ff 6769 1065f 1900cde 2200a€ 1300bcd 430abed 467abc 6.00ab
CsAEN 4282de 74.86cd 81.30f 11.94f 1194f 2537e 319ff 688f 107f 1900cde 2200 ae 1300bcd 430abcd 467abc 5.67ab
CsTNA 4646bc 79.38a 85.71c 1351c 1351c 2810c 3.70cc 78lc 1169 2067dhc 2300ahc 1433 500abc 533ab 6.67a
CTNEAE 46.75b 7946a 86.07c 13.62bc 1362hbc 28.34bc 3.74cc 786¢ 1176c 2067abc 267ad 1433 500ahc 533ah 667a
CTNEA 4751ab 80.29a 8659 13.86ab 13.86ab 28.76abc 3.82bb 801b 1192h 2100ab 2333ab 1467ab 533ab 533ab 6.67a
CsTAEN 475%b 8065a 8687b 1393a 1393a 2897ab 385hb 806b 1200b 2100ah 2333ab 1467éh 533ab 567a 667a
CsTNANEAE 4829a 8l2a 8743a 1409 1409 2932a 393aa 819a 1216a 2133a 2367a 1500a b567a 567a 7.00a
CsoNA 34421 65299 7160m 867/m 867/m 1844k 2021 475m 8621 1633fgh 1967efy 1000fy 333cde 367bed 4.67abc
CsoNEAE 3223 6304h 6561 8060 8060 1702m 18Inn 436p 8070 1600¢gh 1900ch 967fg 300de 333cd 4.00 be
CsoNEA 3383i 64.48gh 7093n 85mn 850mn 1797kl 1.94mm 463n 844m 1633fgh 1933fgh 1000fy 300de 333cd 4.67abc
CsAEN 3313ij 6368gh 703010 828no 828no 17.55Im 187n 4520 825n 1600gh 1900gh 967fy 300de 333cd 4.00bc
CsoTNA 3752h 6860f 74901 9801 9791 2087] 243k 5481 927k 17.33¢fy 2033dg 11.00ef 367/be 4.00sbcd 5.00abc
CsoTNEAE 3725h 6883f 7546k 991kl 991kl 2113ij 247k 5571 936k 17.33¢fy 2033dg 1067ef 367be 4.00sbcd 5.00abc
CsTNEA 3823gh 69.64ef 7649 1013k 10.13jk 2165hi 254j 571k 952j 1760dg 2067cg 1100ef 367be 400abed 5.00abe
Cs;TNAE 3848fgh 69.88ef 7686) 1025ij 10.25if 21.84h 258j 578k 960j 1767dg 2067cg 11.00ef 400ad 400abod 5.00ahe
CsoTNANEAE 39.08fg 7047ef 77.46i 1046hi 1046hi 22.32gh 268i 590 971i 1800 def 21.00b-g 11.33def 4.00ad 467abc 5.33ahc

Cuo: 100% N; Cs: 75% N; Cso: 50% N; A: Anabaena; N: Nostoc; E: Extract, T: Compost tea. Different letters in each column indicate significant

differences between treatments at 5% level of significance

Root parameters

Data at Table (3) presented the root parameters (root
length, root fresh weight and root dry weight). The maximum
growth of wheat in term of root length was measured in
treated with Czs TNANEAE (N 75% + compost tea + Nostoc
calicola, Anabaena cylindrica soil and extract) which
recorded 12.9 1, 16.47 and 19.23 cm after 60, 90 and 120 days
from planting. The next term recorded the highest value with

CsTNANEAE (N 75% + compost tea + Nostoc calicola,
Anabaena cylindrica soil and extract) after 90 and 120 days.
Concerning the data of root fresh weight in Table (3) it could
be revealed that all treatment of nitrogen fertilization rates,
compost tea enriched with Nostoc calicola, Anabaena
cylindrica soil and extract were significantly affected in root
dry weight during three growth stages (60, 90 and 120 days).

Table 3. Root changes of wheat plants (for 120 days) affected by A. cylindrica, N. calicola, their extracts and compost
tea comparing with different levels of nitrogen mineralization.

Root length cm

Root fresh weight g/plant Root dry weight g/plant

Treatments 60days 90days 120days 60days 90days 120days 60days 90days 120 days
Cio 11.65d 15.29d 17.86e 193f 147mn 063p 081lc 098c 1.08c
Crs 9.45h 13.06 h 15.63i 253b 202h 1020 042g 067f 079f
Cso 551p 9.19q 11.84q 34la 276bcd 1.32n 0.10k 012m 023m
CsNA 1097e 14.74e 17.16f 1789 244e 328d 0.70d 0.90d 096d
CsNEAE 10.36 g 14.03 g 16.53h 167i 2259  3.07f 055f 0.80e 089e
CssNEA 10.75f 1434 f 1683g 172h  233f 3.l4de 0.61ef 085de 0.93de
CsAEN 10.63f 14.42 f 16949 174gh 231f 317e 064¢e 0.85de 0.92de
CsTNA 1228 ¢ 15.85¢ 18.53d 205e 271d 359c 091b 109b  1.19b
CsTNEAE 12.37c 1598¢c 18.63d 207e 273cd 36lc 0.89b 111b  117b
CsTNEA 12.60b 16.19b 1886c¢c  212d 278bc 3.69b 0.94 ab 114ab 122ab
CTAEN 1274ab  16.27b 1904b 214cd 28lb 371b 0.95ab 115ab 1.23ab
CsTNANEAE 1291a 16.47a 1923a 218c 287a 3.78a 097a 118a 1.26a
CsoNA 7.321 1097m 1346m 103n 149 m 196j 0.16 0.34] 044]j
CsoNEAE 6.590 10.22p 1274p 088p 131p 171m 0.14 jk 0.231 0351
CsoNEA 7.06m 10.73n 1323n  099n 142n0 188k 0.16 031jk 0.42jk
CsoAEN 6.85n 1046 0 13040 0930 1370 1791 0.15jk 027kl 039kl
CsoTNA 853k 12.241 14661 127m 1781 245i 0.28i 0.53i 062i
CsoTNEAE 8.67 k 12111 14761 1321 181kl 243i 0.27i 0.54hi  0.64 hi
CsoTNEA 8.91j 1248k 1505k 136kl 186jk 254h 0.31i 057hi  069gh
CsoTNAE 9.03j 12,63 1515k 138k  1.89]j 257h 0.33hi 0.59gh 0.68 ghi
CsoTNANEAE 9.22i 12.85i 1536 143]j 195i 2659 0.38gh 064fg 0.72g

Cio: 100% N; C: 75% N; Cso: 50% N; A: Anabaena; N: Nostoc; E: Extract, T: Compost tea. Different letters in each column indicate significant

differences between treatments at 5% level of significance

Root dry weight was significantly recorded the
highest values after 60, 90 and 120 days with treatment of
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root growth parameters by increasing nitrogen fertilization
may be attributed to the important role of nitrogen in nuclic
acids, co-enzymes and proteins which reflected to plant
development and growth. EI-Ayouty et al. (2012) reported
that combination of cyanobacteria with less chemical
fertilizers was potential approach in providing wheat growth.
Also, Abou Tahoun et al. (2020) showed that the inoculation
with cyanobacteria Nostoc muscorum combined with 75% N
dose significantly attained the superior effect on wheat plant
growth parameters.
Pigment content

The data in Table (4) on chlorophyll A (mg.g?) as
affected by different levels of nitrogen mineralization with
compost tea, Anabaena cylindrica and Anabaena cylindrica
extract revealed that all the treatment were significantly
affected on the chlorophyll A content. The maximum

chlorophyll A content of wheat leaves was 0.67,0.81and 0.79
mg.g™ recorded after 60, 90 and 120 days from planting,
respectively were noted with the treatment of C;sTNANEAE
(N 75 % + compost tea + Nostoc calicola, Anabaena
cylindrica soil and extract). Statistical analysis of data on
chlorophyll B showed that the treatments means were
significantly (p < 0.05) different from one another (Table 4).
The significantly maximum content of chlorophyll B was
0.44, 0.53 and 0.51 mg.g* after 60, 90 and 120 days with the
treatment of C;sTNANEAE (N 75 % + compost tea + Nostoc
calicola, Anabaena cylindrica soil and extract).

Data on the plant carotenoids content of wheat leaves
(Table 4) revealed that the highest mean values of carotenoids
content was realized with the treatment of C;sTNANEAE (N
75 % + compost tea + Nostoc calicola, Anabaena cylindrica
soil and extract) which scored 0.35, 0.47 and 0.40+ mg.g™.

Table 4. Pigment content (mg.gY) of wheat plants (for 120 days) affected by A. cylindrica, N. calicola, their extracts and
compost tea comparing with different levels of nitrogen mineralization.

Chlorophyll a mg.g*

Chlorophyll b mg.g* Carotenoids mg.g*

Treatments

60 days 90days 120days 60days 90days 120days 60days 90days 120days

Cio 0.63c 0.78¢ 0.75d 041d 050e 047d 03le 044 e 0.35d
Crs 057 f 0.71g 0.68h 0.35h 043i 041h 0.25i 0.37i 0.30h
Cso 046 m 0.60m 0570 0.23p 031q 0290 015r 0.26p 020 p
CsNA 0.61d 0.76 de 0.73e 0369 047 f 045e 0.29f 042f 0.34e
CNEAE 0.60e 0.74f 0.71g 0.37f 046 h 0439 0.27h 0.40h 0.32¢g
CsNEA 0.61de 0.75 ef 0.72f 038 e 0469 044 f 0.28¢g 041g 0.33f
CsAEN 0.61de 0.75def 0.72f 0.39e 047fg 0.44 ef 0289 041¢g 0.33f
CrsTNA 0.65b 0.76d 0.77c 043c 0.52cd 049c 0.33d 0.46 cd 037c
CsTNEAE 065b 0.796 b 0.77c 043 ¢ 051d 049c¢ 0.33¢ 0.46d 037¢c
CsTNEA 0.66 ab 0.80ab 0.77b 044 b 0.52bc 050b 0.34b 0.46 bc 0.38b
CrTAEN 0.66 ab 0.80a 0.78b 043 b 0.53ab 0.50ab 0.34b 047 ab 0.39b
CisTNANEAE 0.67a 08la 0.79a 044 a 053a 05l1a 035a 047a 0.40a
CsoNA 0.50 j 0.66 ] 0.621 0.281 0.36n 0341 0.19n 0.30m 0.241
CsoNEAE 0.491 0.631 0.60n 0.26 0 0.34p 0.32n 0179 0290 0220
CsoNEA 0.5 jk 0.65 jk 0.61m 028 m 0.26r 0.341m 0.180 0.3mn 0.23m
Cs0AEN 0.49 ki 0.64 ki 0.61m 0.27n 0350 0.33mn 017p 0.30n 0.23n
CsoTNA 0.55hi 0.69i 0.66k 0.32k 040m 0.38 k 022m 0.341 0.27 k
CsoTNEAE 054i 0.69i 0.66k 033k 0.401Im 0.38k 0221 0341 0.27k
CsoTNEA 0.55ghi 0.70hi 067 033 041 jk 0.39j 0.23k 0.35k 0.28
CsoTNAE 0.56 gh 0.70hi 0.67]j 0.33]j 041kl 0.39ij 0.23k 0.36 k 0.28]
CsoTNANEAE 0.56 fg 0.71gh 0.68i 034 i 0.42] 0.40i 0.24 0.36j 029

Cio: 100% N; C: 75% N; Cso: 50% N; A: Anabaena; N: Nostoc; E: Extract, T: Compost tea. Different letters in each column indicate significant

differences between treatments at 5% level of significance

Application of nitrogen directly increased the
chlorophyll content and leaf surface area resulting in
increased photosynthesis process leading to more sugar
formation (Dikshit and Paliwal, 1989). Nitrogen nutrition
influences the content of photosynthetic pigments, the
synthesis of the enzymes taking part in the carbon reduction,
the formation of the membrane system of chloroplasts, etc.
(Mengel and Kirkby, 1996). Verma et al. (2004) recorded that
the N content in the third leaf and chlorophyll a content
increased with increasing nitrogen rate. Chlorophyll is
essential for leaf photosynthesis, and its content in wheat
leaves reflects their photosynthetic capacity (Hlavacova et al.,
2018). Nitrogen affects and participates in chlorophyll
synthesis (Gaju et al., 2014). Moderate nitrogen fertilizer
application has been shown to increase leaf chlorophyll
content, which promotes the growth of aboveground parts,
such as leaves, and thus leads to an increase in biomass (Yang
etal., 2017 and Tian et al., 2020).

Ordog (1999) showed that cyanobacterial contain a
special set of biologically active compounds including plant
growth regulators, which can decrease senescence and
transpiration and increase the content of leaf chlorophyll. In

this respect, Pereira et al. (2009) found that the use of bio-
fertilizers based on local strains of cyanobacteria was
effective to increase the nitrogen use efficiency in rice. It
seems reasonable to suggest that, significant increase in
photosynthetic pigments a result of bio-fertilizer treatments
may be due to the role of nitrogen in the increase of
photosynthetic activity of the chloroplast.
Nitrogen, phosphorus and potassium content in shoot,
root and in straw & grain

The data of nutritional status of plant (at 60, 90 and 120
DAS) are presented Table (5) in shoot, Table (6) in root and
Table (7) in straw & grain respectivly, as affected by nitrogen
mineralization with compost tea, Nostoc calicola, Anabaena
cylindrica soil and extract. From observed data found that all
treatments significantly affected in N, P and K percent in shoot
during the three stages. In Table (5) the highest mean values of
N, P, K were obtained with the treatment of C;sTNANEAE (N
75 % + compost tea + Nostoc calicola, Anabaena cylindrica
soil and extract) which recorded 2.93, 3.48 and 2.55% for N,
0.34,0.30and 0.18% for P and 1.72, 2.39 and 1.65% for K after
60, 90 and 120 days. And in Table (6) showed the values of N,
P and K percent in root as affected by nitrogen mineralization
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with compost tea, Nostoc calicola, Anabaena cylindrica soil
and extract. Regarding the varietal differences, the data showed
that all treatments significantly affected the root content of NPK
and the different application from all treatments increase the
nutritional root content. From the data found the highest value
recorded with the treatment of C;sTNANEAE (N 75 % +
compost tea + Nostoc calicola, Anabaena cylindrica soil and
extract). At the same time, data in Table (7) showed a

significant (P< 0.05) predictable improvement in N, P and K
concentration in both straw and grain of wheat. The increment
obtained by the best interaction was with the treatment of
CsTNANEAE (N 75 % + compost tea + Nostoc calicola,
Anabaena cylindrica soil and extract) which recorded 1.95,
0.25 and 1.92% in straw and 0.38 and 2.94% in grain for P and
K%, while N content recorded the highest value with
CTNEAE (2.99%).

Table 5. Nitrogen, phosphorus and potassium content (%6) in shoots of wheat plants (for 120 days) affected by A. cylindrica,

N. calicola, their extracts and compost tea comparing with different levels of nitrogen mineralization.
N

P K

Treatments 60days 90days 120 days 60days 90days 120days 60days 90days 120days
Cioo 2.69d 3.23c 2.37d 0.31d 042e 0.27d 263d 3.17d 2.50d
Crs 225h 2829 1.97h 0.25h 0.361i 0.22h 221h 278h 2.06 h
Cso 1.48n 202n 130 0 0.16p 0250 0.150 1290 1950 122 p
CsNA 254e 3.14d 224¢e 0.29¢ 040f 0.25e 250 e 307e 2.35e
CsNEAE 2429 3.02f 212¢g 0.28¢ 0.38h 0.24¢ 2.38¢ 293¢ 2259
CsNEA 250ef  3.07ef 220 ef 0.28f 039g 025f 244 € 2.99fg 230 f
CrsAEN 248 f 3.09de 2.18f 0.29 f 039fg 025fy 246ef  3.0lef 2.31ef
CsTNA 2.80c 3.34b 246¢ 0.33¢c 0.43d 0.29¢c 280c 3.30¢ 259¢c
CsTNEAE 28lc 337b 247 bc 032c 0.43cd 0.29c 2.78¢ 3.32bc 262c
CsTNEA 287b 343a 251ab 0.33b 0.43bc 0.29b 285b  336abc  2.68Db
CssTAEN 2.89%ab 344a 253a 0.33b 0.44ab 0.29b 287ab  3.38ab 2.7ab
CsTNANEAE 293a 348a 255a 0.34a 044a 0.30a 291a 342a 2.74a
CsoNA 184k 235k 1591 0.201 0.30m 0.181 1721 239 1 165m
CsoNEAE 170m  222m 149n 0.180 0.28n 0.16n 159n 223 n 150 o
CsoNEA 1791 2.30 ki 1561m 020m 030m 0.181 1691 2.36Im 159n
CsoAEN 1751 2.26lm 1.52mn 0.19n 0.29n 017m 164m 230m 155n
CsoTNA 211j 2.641j 1.82 jk 0.23k 0.331 0.20k 2.00k 2.64 jk 1.88kl
CsoTNEAE 209 262]j 1.80 k 0.23k 0.331 0.20 k 197k 261k 1871
CsoTNEA 2161 2.681j 188i 0.24 034k 021jk 2.06] 2.69ij 1.92 jk
CsoTNAE 2171 2.70 hi 1.86 ij 0.24 0.35k 0.21j 2.09j 2.69ij 1.94]
CsoTNANEAE 2.21hi 275h 1.94h 0.25i 0.35] 0.22i 2.15i 2.72 hi 1.997i

Cio: 100% N; Crs: 75% N; Csp: 50% N; A: Anabaena; N: Nostoc; E: Extract, T: Compost tea. Different letters in each column indicate significant

differences between treatments at 5% level of significance

Table 6. Nitrogen, phosphorus and potassium content (%6) in roots of wheat plants (for 120 days) affected by A. cylindrica,
N. calicola, their extracts and compost tea comparing with different levels of nitrogen mineralization.

N P K

Treatments 60days 90days 120days 60days 90days 120days 60days 90days  120days
Cio 164c 251e 2.18¢c 0.25e 0.33d 025e 1.91d 240e 2.20e
Crs 133¢g 2.14i 1.88f 0.21i 0.29h 0.21i 156i 1.98i 1.77i
Cso 0.79m 148p 126 m 013q 0.19q 0.14q 091q 126p 1.04p
CnsNA 156d 243f 2.09d 0.24f 0.32e 0.23f 180e 230f 2.09f
CsNEAE 144 f 231h 20le 0.23h 030g 0.22h 1.70h 2.16h 196 h
CrsNEA 147ef  2.34gh 2.05de 0.23g 031f 0.23g 177f 2239 2029
CsAEN 149¢e 23649 204e 0.23¢ 0.31fg 0.23g 1749 2219 2.003g
CrsTNA 176b 260d 2.28b 0.26¢cd 034 c 0.26cd 199¢ 2.55cd 2.31d
CrsTNEAE 174D 2.62cd 227b 0.26d 0.34c 0.26d 201c 253d 2.33cd
CsTNEA 180a 2.66hc 231b 0.27bc 0.35hb 0.26bc 206b 2.59hc 2.39ab
CsTAEN 18la 2.68ab 232b 0.27b 0.35ab 0.26b 2.08ab 262b 2.37hc
CrsTNANEAE 183a 271a 237a 027a 0.35a 0.27a 211a 2.76a 243a
CsoNA 1.05j 1.77n 153j 016m 024m  017m 125m  158m 137m
CsoNEAE 0.931 1680 1441 0.15p 0.22p 0.16p 114p 143 0 1230
CsoNEA 1.00k 1.76n 1.49 jk 0.16n 0.23n 0.17n 121n 152 n 133m
Cs0AEN 0.96 1 1710 147kl 0.160 0230 0.160 1180 148 n 1.28n
Cs0TNA 1.22i 2.02Im 1.75i 0.191 0.27 kI 0.19kl 1441 1.831 1.621
CsoTNEAE 131g 1.99m 1.73i 0.191 0271 0.191 1431 1.801 160 |
CsoTNEA 121i 204kl 1.80h 0.20 k 0.28] 0.20j 150k 1.90 jk 1.69 jk
CsoTNAE 127h 207jk  1.82gh 0.20 k 027jk  0.20jk 147k 1.88 k 167 k
CsoTNANEAE 1.30gh 2111 1.85fg 0.20j 0.28i 020 i 153j 1.94ij 1.73]j

Cioo: 100% N; Crs: 75% N; Cso: 50% N; A: Anabaena; N: Nostoc; E: Extract, T: Compost tea. Different letters in each column indicate significant

differences between treatments at 5% level of significance

The highest mean values of N, P, K percent recorded
with nitrogen fertilization may be return to the elements
availability for plant and improving root growth, hence
increasing the absorbing area of root, these results were
consistent with finding of EI-Sobky and Desoky (2016)
resulted that Anabaena and spraying with Anabaena extract
and mineral nitrogen fertilizer significantly increased N, P,
and K content of shoots of rice plant.

Results of Abed EL-Rasoul et al. (2004) and Mussa
et al. (2003) indicated that spraying nitrogen fixing bio
fertilizers individually significantly increased N, P, and K
concentration by grains and straw over the control treatments
(without spraying bio-fertilizers) confirmed increasing the
nutrient concentration by wheat grain and straw in response
to the use of cyanobacterial as an activator bio-fertilizer
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separately. In this respect, EI-Sobky and Desoky (2016)
suggested significant differences among bio-fertilizer
treatments in N, P, and K content while the best result of bio-
fertilizer was obtained for treatment inoculated with
Anabaena and spraying with Anabaena extract treatment
followed by that inoculated with Anabaena treatment.

Table 7. Nitrogen, phosphorus and potassium content
(%0) in straw and grains of wheat plants (for
120 days) affected by A. cylindrica, N. calicola,
their extracts and compost tea comparing with
different levels of nitrogen mineralization.

According to the individually or combination
application between nitrogen mineralization with compost tea,
Nostoc calicola, Anabaena cylindrica soil and extract on the
number of grain/spike in Table (8). The highest increase was
obtained with C;sTNANEAE (N 75% + compost tea + Nostoc
calicola, Anabaena cylindrica soil and extract) treatments.

Table 8. Yield parameters of wheat plants (at 120 days)
affected by A. cylindrica, N. calicola, their
extracts and compost tea comparing with
different levels of nitrogen mineralization.

100 grain Straw weight Spike No. of

Treatments

Straw Grains weight (9)  (g/plant) weight (g) grain/spike
Treatments —g—p g N P K Cio 550d  11.75d  382c  70.67bc
Cimo 181c 023e 178d 270d 036e 273d Cm 4689 8.98¢ 322f  60.00e
Cr 158g 020i 156h 260f 031i 239h  Ceo 3.03n 4240 2391 42.00h
Cso 113n 0l14p 1090 264ef 0220 1680  CmNA 530e 1096e  363d  67.67cd
CrNA 176d 022f 172e 265de 034f 264e  CuNEAE 507 f 1049f  346e  6467d
CsNEAE 169f 022h 164g 288b 033h 2529 CsNEA 521e 10.66f  353de  66.00cd
CrNEA 172 022g 167fy 290b 0334g 257f CrsAEN 519¢ 1058f  355de  66.33cd
CsAEN 173 0229 169ef 295a 034fy 259ef  CisTNA 5.75 e 1264c  399b  7267ab
CsTNA 187 024d 185c 29%a 037d 284c  CsTNEAE 5.70¢ 1275¢  397b  73.00ab
CsTNEAE  1.8%b 024cd 186bc 299a 037cd 286bc  CisTNEA 5.82b 1316b  404b  7367ab
CsTNEA 192a 024bc 1.88abc 202k 037bc 28%bc  CrTAEN 5.84ab 1329b  408ab  74.00ab
CTAEN 193a 024 b 189ab 191m 038b 290ab  CnTNANEAE 594a 1364a  417a  7600a
CsTNANEAE 1952 025a 192a 198kl 038a 29%a CsoNA 3.75k 5.96 k 2731  51.33fg
CxNA 132k 017m 1341 194m 026m 205| CsoNEAE 347m 5.10n 256k 4833g
CoNEAE ~ 124m 0160 125n 227ij 024n 192n  CsNEA 3.67 K 5671 268if  S067¢
CsNEA 129k 017m 132Im 225] 025m 203m  CsAEN 3.57Im 536m  26ljk 49009
CsAEN 127Im 0.16n 129m 230 025n 198m  CsoTNA 4311 7.73] 302h  56.00ef
CsTNA 148j 0181 148k 232hi 0291 227jk  CsoTNEAE 4.27] 7.82] 302h  55.67ef
CoTNEAE ~ 147) 0191 146k 236h 0291 225k  CsoTNEA 4.39i 825i  3llfgh  S767e
CsTNEA 15ij 019k 150ij 270d 029k 231ijj CsoTNAE 441i 8.12i 308gh  5800e
CoTNAE  151hi 019k 150ij 260f 030k 23lij  CwTNANEAE 456h 858h  318fg  5867e

Cioo: 100% N; Crzs: 75% N; Cs: 50% N; A: Anabaena; N: Nostoc; E:
Extract, T: Compost tea. Different letters in each column indicate
significant differences between treatments at 5% level of significance
Yield parameters

Results in Table (8) indicated the effect of inoculation
under nitrogen fertilization with compost tea on weight of 100
grain g. Results revealed that with increasing nitrogen
fertilization the weight of 100 grain increased especially
under inoculation Nostoc calicola, Anabaena cylindrica soil
and extract and compost tea. While the highest mean values
recorded with C;sTNANEAE (N 75% + compost tea +
Nostoc calicola, Anabaena cylindrica soil and extract) and
scored 5.94 g followed by CsTAEN (N 75% + compost tea
+ Anabaena cylindrical extract+ Nostoc calicola) and scored
5.84 g with low significant effect.

While, the results in Table (8) illustrated the effect of
nitrogen mineralization with compost tea, Nostoc calicola,
Anabaena cylindrica soil and extract on weight of straw
g/plant. On average the maximum weight of straw 13.64
g/plant was obtained with the application of C;sTNANEAE
(N 75 % + compost tea + Nostoc calicola, Anabaena
cylindrica soil and extract) over the other treatments.

Effect of inoculation with Nostoc calicola, Anabaena
cylindrica through soil or spraying with Anabaena cylindrica
extract either alone or in combination with the application of
nitrogen fertilization and compost tea on weight of spike g is
given in Table (8). Data showed significant differences
among bio-fertilization and N fertilization with compost tea.
On the average maximum weight of spike (4.17 g) was
obtained with C;sTNANEAE (N 75 % + compost tea +
Nostoc calicola, Anabaena cylindrica soil and extract).

Cioo: 100% N; Crs: 75% N; Cso: 50% N; A: Anabaena; N: Nostoc; E:
Extract, T: Compost tea. Different letters in each column indicate
significant differences between treatments at 5% level of significance

Additionally, using cyanobacteria strain found an
increase yield component, this result is similar to those repoted
by Karthikeyan et al. (2007) and El-Zemrany (2017) who
reported the effects of inoculant cyanobacteria strains on wheat
involving (single or in combination) showed visible differences
in terms of the appearance of plants. This was accompanied by
enhancement in plant height, dry weight and grain yield of
wheat crop. Therefore, plant growth stimulation, in terms of
plant height, dry weight and grain yield in pot culture
experiment can be attributed to Indole Acetic Acid -like
compounds and photoheterotrophic/ heterotrophic abilities of
the cyanobacteria strains, as observed in our earlier studies.

CONCLUSION

Application of inoculation with two cyanobacterial
strains, their extracts and compost tea under three doses of
inorganic nitrogen increased Nitrogen-fixing cyanobacteriaand
bacterial rhizosphere soil content, plant growth parameters and
yield of wheat plant. And from root biovolume and shoot length
were taken as index for the plant growth promotion activity of
the tested strains (Hauka et al., 2012). Therefore, it would be
recommended to apply these strains of cyanobacteria in bio-
organic farming (Zaki et al., 2021).
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