Influence of Cyanobacterial Inoculum on the Growth
Features and Yield of Peanut Plants in Sandy Soil

Abstract

Two field experiments were conducted at the Ismailia Agricultural Research Center

Station during the summers of 2021 and 2022 to study the effects of cya

L h
biological activities under different nitrogen fertilisation ratios and condltlonsEThere are three

applications: soil drenching, cyanobacterial seed coating, and foliar spray W|th cyanobacterial

by A. oryzae + 75% (N) in soil

of N, P, K, and Ca in W‘Hgaanut pl
A

bacténaﬂ%%o%latlon with 75% nitrogen amounts.

1. INTRODUCTION



Peanut (Arachis hypogea L.) is one of the most important and cost-effective
oleaginous crops farmed in the world's tropical and subtropical climates, owing to its all,
protein, and carbs [1]. Peanut seeds have a significant nutritional value for both people
and animals since they contain oil (45%), protein (26-28%), carbs (20%), and fiber (5%)

[2]. Groundnut oil, derived from the seed of the groundnut plant, cOntains more

present. Researches demonstrated that diets high in groundnut

development j]. Cyanobacteria are Diazotrophes that can be used to produce

availabilityﬂ 8] These are utilized as inoculants to increase crop yields, specifically for
rice, as well as the fertility and structure of the soil [9]. Cyanobacteria can create
vitamins, amino acids, and hormones like auxins (IAA), gibberellins, cytokinins, or

abscisic acid to aid in growth. Molecules exhibiting pharmacological,



immunosuppressive, or enzyme-inhibiting characteristics, in addition to antibiotics and
poisonous substances, have been reported by [10]. More and more attention has been
paid in recent years to the use of cyanobacteria, which occur in almost every
environment on the planet, and several species are known to form symbiotic

associations with bacteria as well as eukaryotes [11]. Many cyanobacteridiare capable

source that can partially sub i‘tut,

Id

cyanobacteria increased maize yie

Because of the s benefits of cyanobacteria, the current study was carried

§W(J)Jﬂm‘cyanobacterial strains A. oryzae and N. mascarum as

out to investigatwe theseff
4

2. MATERIAL AND METHODS

2.1. Field experiment



The current investigation was conducted during two successive summers in 2021
and 2022 at the Ismailia Agricultural Research Station (ARC), Ismailia Governorate,
Egypt (30°35' 41.901" N and 32° 16' 45. 843" E), in a field experiment on sandy soil.
Distinct cyanobacterial strain treatments and nitrogen fertilization ratios were added

using three different techniques. A. oryzae and N. muscorum cyanobacterial strains that

fix N2 were supplied by the Agric. Microbiol. Dept. of the ARC's, Soll

(15.5% P-20s5), wd Nia
' a

carried wou; in sandy soil, which has the soil characteristics shown in Table (1). Samples

were collected after 70 days of planting and at harvest time in both seasons.
2.2. Plant analysis

2.2.1. Growth and seed yield characters



1- Plant height (cm)
2- No. of pods plant™.
3- Pod weight plant™ (g)

4- Seeds yield fed.™ (kg)

5- 100- seed weight (g).

2.2.2. Nitrogen (N), potassium (K), phosphorus (P) and calcium (Ca)

2- Soil exchangeable Ca** was extracted using ammc uklum acetate (pH 7.0)

2.3. Soil analysis

2.3.1. Some chemical and physi

Table 1. Physical and chemical properties of experimental soil

pH Electric Soluble cations (mmol ¢ I™) Soluble anions (mmol ¢ I™)
Conductlwty
(1:2.5) soil dSm™ ca™ | Mg” Na’ K" Co3 HCO3 cr SO4

suspension | (Soil paste)

8.14 1.04 2.92 2.18 1.30 2.34 - 2.47 3.53 2.74



Coarse sand Fine sand Silt Clay | CaCOs Organic @ Texture class

(%) (%) Matter
(%) (%) (%)
(%)
62.35 30.08 2.35 2.30 0.18 0.21 Sandy
Available N (mg Kg™) Available P (mg kg™) Available K (mg kg™)
34.67 2.1 147

F 3
S

2.3.2. Some soil Biological activities

’ e%] t
N

aur et al.[21]. Indole acetic acid

BWESUL%% D CUSSION

\

hiselected cyanobacterial strains significantly improved peanut plant

development parameters and nutrient content in soil and analysed plants .
3.1. Plant Analysis

3.1.1. Plant Growth and yield parameters

6



Data in Table 2 showed the effect of individual cyanobacterial treatment, with
different nitrogen rates and different application methods on some plant growth
parameters after 70 days from planting and seeds after harvest in two seasons 2021
and 2022. In all treatments, inoculation of both individual cyanobacterial strains with a

nitrogen ratio of 75% provided the most significant results. Plant height in both seasons,

N. muscorum + 75% nitrogen treatment recorded the highest plant, gng (3 .22 cm),

oryzae (26.15 cm), in seed coating application ,

drench treatment in inoculation
W ¢

ntrol treatment (23.76 cm). Furthermore, by using both
B

individual cyanobacterlal strains n 75% (N), the greatest number of nodules was in foliar

Fo L .

application, N. muscorum with 75% (N) (32 nodules) and its weight was (48.51 gm),

o, L U W

followed by A. pr zae W|th 75% (N) in the same application and N. muscorum + 75% (N)

values d|d not dlffer significantly from those obtained using the control (100% N).



Table 2. Effect of treatment with individual cyanobacterial strains, and with different nitrogen (N)
rates by different types of applications on some plant growth parameters of peanut plants at 70 days and

seeds at harvest time during two seasons 2021 and 2022.

Treatments Plant Number of Weight of Seed yield 100- Seeds
height pods (9)
(cm) pods plant * (kg /fed.) weight (g)

Control 23.67 (c) 28.00 (c) 40.33(c) 1335.48(d)".  72.86 (bc)
Anabaena oryzae 26.15(f) 21.30(f) 32.50 ()
? A.oryzae +50% N 27.25 (d) 26.95(d) 36.88 (c)

= Aoryzae +75% N 30.48(b) 29.25(d) 40.93 (a 73.75(b)
8 Nostoc muscorum 25.23(e) 23.00 (e) 63.50 (d)
@ N. muscorum +50% N 29.50(c) 28.5(c) 71.18(b)
o N. muscorum +75% N 31.22(a) 30.00(a) 74.00(a)
A.oryzae 25.00(f) 21.75 (f) 791.2(g) 63.35(d)
— A.oryzae +50% N 29.20(d) QM‘ME?&) 1487.13(c) 73.30(c)
% A.oryzae +75% N 31.17(b) 47.42 (a) 1644.65(a) 78.45 (b)
'E N.muscarum 39.88 (e) 1032.50 (f) 65.27(d)
g N.muscarum +50% N 45.95(c) 1550.30 (b) 73.28(b)
N.muscarum + 75% N 36, 43 .10 (b) 1752.00(e) 79.10(a)
25200, 2205() 34.50(T) 876.50(g) 64.80 (d)
c 29:20 (d) 27.00 (d) 39.88(c) 1487.13(c) 73.30(c)
E ‘(’31.51(b) 31.33 (d) 44.93 (a) 1800.2 (a) 81.25(b)
E*L 26.50(€) 26.27(€) 37.35(¢) 1298.25 (a) 67.50(d)
i | 30.90 (c) 30.75(c) 44.43(c) 1663.5 (f) 78.51(b)
‘ 32.06 (a) 32.00(a) 48.51(a) 1835.55 (e) 81.98(a)

L.S.D.{ 1.02 1.53 1.41 15.38 5.22

3.1.2. Nitrogen (N), potassium (K), phosphorus (P) and calcium (Ca) contents in plants



In respect to the interaction effect between cyanobacteria treatments and
nitrogen rates, total N, P, K and Ca contents of peanut crop under different nitrogen
rates and different types of applications conditions shown in Table (3). Results exhibited
the same trend achieved for leaves, straw and grain yield of peanut in response of

cyanobacteria treatments combined with different nitrogen levels. In the foliar

application, the corresponding highest values were 5.34% (N), 0.56% (P), and 2.89%

—

(K) for peanut leaves and 2.26% (N), 0.31% (P), and 0.42% (K) for

seeds recorded 4.54% (N), 0.53%(P), and 1.56% (K) in ”tm‘he”treatment of

D Ui b, Ej““mi
N.muscorum+75% N, followed by A. oryzae +75% N treatment 5.16% (N) (K), 5.15%

gy,

(N), 0.41% (P), and 2.77% (K) for peanut leaves and 2.22% (N), 0.30% (P), and 0.36%

N iy,
A e

strains + 75% '\Med o slightlsincrease the total calcium content in peanut leaves, straw

to the bthm tested treatments and applications. These relative least Ca values were

2.56, 0.86, 1.76 % for leaves, straw and seeds, respectively.

The need for contamination-free, healthful food has grown in direct and indirect

proportion to the increase in population. By year 2029, the World Health Organization



estimates that 50 percent of world food production will have increased. "Green
Revolution" approaches are also helping to boost agriculture productivity while lowering
the risk of chemical-based fertilizers harming human health and the environment.

Researchers have therefore exploited 'green technology' to create an eco-friendly

have a very high production cost [25]. Biofertilizer is l%‘ toa
!

. &
i I
m‘f 10-30 kg/ha of nitrogen each

plants growing ‘in sandypsoil ﬁBigWértilizers increased peanut pod vyields, cereals yield,

S

increasued,bncentrations of N, P, and K in the kernel and haulm, which led to increased

uptake of N, P, and K [27].

Table 3. Effect of treatment with cyanobacterial strains with different nitrogen (N) rates by different types of
applications on nitrogen (N), phosphorus (P), potasium (K) and calcium (Ca) uptake by peanut plants
at 70 days, plant straw and seeds at harvest time during two seasons 2021 and 2022.

Treatments Leaves (at 70 days) Straw (Harvest time) Seeds
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N P K Ca N P K Ca N P K Ca
%
Control 4.32 0.27(f) 2.38 2.16 1.96(cd) 0.24(d) 0.15(a) 0.76(cd) 3.72(e) 0.38 (f) 1.49(d) 1.58(cd)
(e) (e) (c)
Anabaena .oryzae 3.92(g) 0.28(e) 1.99(g) 1.65(e) 1.87(d) 0.21(e) 0.07(e) 0.69 (f) 3.41(g) 0.32(e) 1.43(f) 1.49()
A.oryzae +50% N 4.22 0.30(d) 2.22 1.75 1.95(d) 0.23(cd) 0.16(d) 0.74 (d) 3.62(d) 0.36(d) 1.46(d) 1.56(d)
(d) (d) (d)
= Aoryzae +75% N 4.34(C) 0.35(c) 2.39 220(C) 202() 025()  0.24(c) 0.79(b) 3.94(b) 0.4 1.53(b)  1.65(h)
= (©)
g
o Nostoc muscorum 398(f) 028() 207 1.68 1.93 0.23(d)  0.07(€) 0.71(e) 3.47(f) 1.51(e)
B (e) (e) (cd)
]
‘f,), N. muscorum +50% | 4.31(b)  0.33 2.37(b) 1.86(b) 1.99(c) 0.25(bc) 0.19(d) 0.78 (c) 1.62(c)
N (b) q
N. muscorum +75% | 4.34(a) 0.35(a) 2.39(a) 2.20(a) 2.16(a) 0.29(a)  0.28(h) 1.69(a)
N
A.oryzae 4.06(g) 0.31(e) 2.25() 1.74() 1.89(d) 0.21 (e) 1.46(F0  1.54(f)
A.oryzae +50% N 4.49 0.35 2.48(d) 2.12 1.99 (d) 0.24(cd) .76(d) 0.37(d) 1.53(d) 1.62(d)
(d) (d) (d)
e A.oryzae +75% N 4.98(C) 0.38 2.69(C) 2.37C) 2.17 (b) 4.42(b) 0.43(b) 1.59(b) 1.70(b)
% ©
E N.muscarum 4.10 (f) 0.32(f) 2.33 1.76(e) 17(e%.73(e) 3.5(f) 0.33(e) 1.47(e) 1.57(e)
5 ® Y
5 3
N.muscarum +50% 4.61(b) 0.36(b) 2.54(b) 2.26 0.28 0.81(c) 3.89(c) 0.40(c) 1.58(c) 1.67(c)
N (d)
N.muscarum + 75% 5.15(a) 0.41(a) 0.36(b) 0.85 (a) 4.51(a) 0.48(a) 1.62(a) 1.74(a)
N
A.oryzae 4.14 0.34 ; 0.21 (e) 0.10(e) 0.71 (f) 3.81 0.35(e) 1.46(f) 1.55(f)
@ (e) @
A.oryzae +50% N 4.58 2.68 2.24(d) 10() 025() 0.22(d) 0.76(d) 4.19(d) 0.44(d) 1.55(d) 1.64(d)
(d)
s
§ Anabeana +75% N 2.83(c) % C) 221() 028cd) 0.35c) 0.83() 4.66(b) 0500b) 1.60(b) 1.72(b)
_& N.muscarum 246% 1.98 2.06 0.24 (d) 0.14(e) 0.73 (e) 3.88(f) 0.37(e) 1.48(e) 1.58(e)
© (e) (cd)
8
% 2.72(b) 2.32 2.18 (c) 0.28(bc) 0.30(d) 0.79 (c) 4.42(c) 0.48(c) 1.58(c) 1.68(c)
L (b)
0.56(a) 2.89(a) 2.56(a) 2.26 (a) 0.31(a) 0.42(b) 0.86 (a) 4.74 0.53(a) 1.65(a) 1.76(a)
(@)

0.02 0.05 0.07 0.59 0.03 0.14 0.06 0.38 0.04 0.26 0.24

After N, P, and K, Ca is a vital secondary macronutrient for the healthy growth of
the plant. It frequently plays an important role in the development of cell walls, cell
components, and accumulates in plant. When plants in peanuts absorb Ca from the soil,

it remains in the plant tissues rather than being transferred to developing pods, where

11



Ca is more needed [28]. In addition to Ca's beneficial effects on yield enhancement, Ca
has very important roles in peanuts include an increase in germination rate, oil content,
protein content, seed Ca concentration, increase in the number of nodules, and a
decrease in aflatoxin contamination. Because Ca is vital for plumule formation, it has
been directly connected to seed quality [29]. Treatments with cyanobaﬁterial strains

increase Ca contents in soil and plant subsequently. For the

flourish properly, seventeen vital ingredients are needed. Amon

givesthe plant nutrients that
A

fertilizer produc]‘[m”ir}on
g

Due to soil biological activities, data in Table (4) show that total bacterial and

cyanobacterial counts, CO, and IAA content in rhizosphere of peanut plants in both
seasons, all recordings were higher in all treated plants than in the control treatment.

The highest bacterial count was 89 and 85 x 10 ® CFU g rhizosphere soil™* recorded by

12



N. muscarum + 75% N and N. muscarum + 50% N treatment respectively in soll
drench application, followed by 84 x 10° CFU g*rhizosphere soil* which recorded by A.
oryzae +75 % N treatment in the same type of application, then 76 and 74 x 10° CFU g
thizosphere soil™ recorded by N. muscarum + 75 % N and N. muscarum + 50 % N

treatment respectively in foliar aoolication. While cyanobaterial total count'increased in

most treatments due to presence of cyanobacterial inoculan

cyanobacterial count was 38, 37 x 10 CFU g*rhizosphere s i’

C%{M)I’%COZ evolution indicates

treatment in foliar application type
i

application was the g

ba{eleaﬁé 0

wth, which raised the amount of 1AA in the soil. The highest IAA in

and 1.743 which recorded by A. oryzae +75% N and N. muscarum + 75% N treatments in

foliar application type, The IAA in soil for all other treatments ranged from 0.8 to 1.477

13



mg g soil in all application types, with the control treatment having the lowest IAA at

0.722 mg g™ soil.

Table 4. Effect of treatment with individual cyanobacterial strains and with differen
by different types of applications on total bacterial count, total cyanob
indole acetic acid (IAA) in rhizosphere of peanut plants at 70 days al
during two seasons 2021 and 2022.

Total Bacterial Total
count cyanobacteri

Treatments (x 10° cfu g dry - g
rhizosplhere 99
soil’) 50|I day- )
Control 71 0.772
Anabaena oryzae 73 1.27
A.oryzae +50% N 274 0.894
o A.oryzae +75% N 341 1.842
c
§ Nostoc muscarum ¢ 286 1.102
2
0
8 N. muscarum +50% 14 220 1.333
23 330 1.743
18 264 1.456
14 220 1.301
38 352 0.895
12 286 0.919
24 363 1.407
N muscarum + 75% 89 37 462 1.863
A.oryzae 30 17 231 0.935
_ _§ A.oryzae +50% N 37 16 374 1.296
B T
E 2 A.oryzae +75% N 63 29 275 1.477
Q.
Q.
IS
N. muscarum 65 22 209 1.259

14



N. muscarum +50% 74 24 352 1.368

N. musca’r\lum + 75% 76 32 374 1.844

Theuffindings of this study revealed an increase in total bacterial and
cyanobacterial count, which corresponded with the results of Zulpa et al. [34], who
investigated the effect of cyanobacteria on soil microbiological activity and nutrient

content. The biomass and extracellular products of both strains increased soil microbial

15



activity. Abbas et al [35] discovered that cyanobacteria inoculation increased soll
biological activity in general, CO, evolution increased in different treatments when
compared to the control treatment that did not receive inoculation, which was due to an
increase in microbial count and biological activities. Indole-3-acetic acid (IAA) is a well-

studied auxin found in a variety of bacteria as well as some freshwater cyanobacteria.

v B
nt rhizospheres had

H\\(\ﬁd 40 the control treatment

of cyanobggteria in agricultural techniques has been reported as a cost-effective way to
decrease global warming by lowering CO, emissions. According to the findings,
cyanobacteria biomass can be used to improve food quality, soil physicochemical

qualities, prevent soil-borne diseases, add organic matter, release growth-promoting

16



chemicals, solubilize insoluble phosphates, use as nutraceuticals, and even be used in
pharmaceuticals. As a result, cyanobacteria-based biofertilizers are both cost-effective
and environmentally beneficial [41]. Bio-fertilization with cyanobacteria, resulted in
increases in the soil microbial population, including soil fungus, actinomycetes, and

bacteria according to Alvarez et al. [42], increased microbial activity in the'soil resulted

!
des such as xylose,

neficial benefits, including

CONCLUSION

7=, =
The current stydy [ound that cyanobacteria play a beneficial role in improving the

ey

jiofe

status of soil i

atmospwheﬁ' > nitrogen, and water. The results of this study clearly demonstrated that
combining cyanobacteria with 75% recommended dose of mineral N with soil drench
application resulted in the highest plant growth, yield, and yield attributes than the other

types of applications. This combination may also reduce by the amount and cost of N

17



mineral fertilizer applied to peanuts in sandy soil conditions by 25%, thereby preserving
soil health. To confirm and truly support this study, it must be repeated with peanuts and

other crops.
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