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Abstract
In order to study the effect of different soil amended and biological fertilizers on the accumulation of nitrogen and phos-
phorous in the wheat grain and some physiological and morphological characteristics of wheat, this experiment was 
performed as a split factorial arranged in randomized block design with 32 treatment and three replication for 2 years. 
The treatments included mycorrhiza inoculation as a main factor (without inoculation, bacterial inoculation with Glomus. 
mosseae, Glomus. intraradices and G. mosseae + G. intraradices), and sub factor was super absorbent polymer treatment 
(no application, 9 ton zeolite ha−1, 3 kg stacosorb ha−1 and 9 ton zeolite ha−1 + 3 kg stacosorb ha−1) and phosphorous 
in the form of nano chelated phosphorous (no application and application 200 mg L−1). The use of G. mosseae + G. int-
raradices had a positive and significant effect on the biological and grain yield so that it caused an increase of 5.9% and 
6.4%, respectively compared to the control. The results showed that zeolite + stacosorb resulted the most to grain yield 
(6903 kg ha−1). The highest and lowest grain nitrogen content were related to the treatment of G. mosseae + G. intraradi-
ces inoculation and nano phosphorous, with 1.75% and 1.76%, respectively. Indeed, the results showed that the use of 
biological fertilizer and nano phosphorous together had better results than solo application, which could be helpful in 
attaining high grain yields while preventing excessive phosphorous chemical fertilization, reduce environmental pollu-
tion and moving towards sustainable agriculture.

Keywords  Arbuscular mycorrhizal fungi · Nano particles · Photosynthesis pigments · Soil conditioners · Spike length · 
Sustainable agriculture

1  Introduction

Wheat (Triticum aestivum L.) is the main staple crop in the 
world because of its great components like carbohydrates, 
vitamins (especially B vitamins), gluten protein, and phy-
tochemicals that are necessary for human health. Indeed, 
the exclusive characteristics of the gluten protein fraction 
allow the processing of wheat for bread, noodles, pastries, 
pasta and production of many ranges of functional ingre-
dients. Currently, wheat production is not satisfied for 
human need and annual wheat grain yield needs to rise 

from the current level up to 1.6% [1]. Although, the opti-
mum yield seems to have been increasing by new varieties 
and new management methods, but some field researches 
have documented that satisfactory and profitable quality 
and quantity of grain yield can be gained with suitable 
soil practices and availability of fertilizer such as nitrogen 
(N) and phosphorus (P) [2, 3]. Lack of sufficient plant nutri-
ents in the root zoon not only decreases the production 
of the plant, but also decreases the nutritional quality of 
agricultural products and leads to various diseases and 
endangers public health [4, 5]. For this purpose, traditional 
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chemical fertilizers are used as the easiest way to reached 
maximum yield, results to enhanced production costs and 
the destruction of soil, water and natural resources as well 
which is the most important agricultural concerns today. 
However, nano or bio fertilizers will not cause contamina-
tion in the soil compared to chemical fertilizers [6].

Foliar application of mineral nutrients is an effective 
method for reduction the natural resources from an excess 
of soil-applied nutrients particularly [7], when treated in 
the form of nanomaterials due to the smaller particle 
size (diameter and weight) compared to traditional ones, 
resulted to increased solubility, lower leaching and rapid 
absorption by plants in related to usual fertilizers. Nano-
particles are commonly less than 100 nm in size change 
physic-chemical properties of fertilizers. Therefore, nano-
fertilizers, especially for ions with low bioavailability in 
the soil, can be more effective than ordinary fertilizers to 
reduce the application and loss of mineral nutrients while 
improving crop growth [8]. Arbuscular mycorrhiza (AM) 
fungi (e.g., Glomus mosseae and Glomus intraradices), are 
well-known for advantageous effects on plant growth and 
crop production in exchange to carbon from host plants. 
AM has the capability to increase the rate of water and 
mineral nutrients uptake, enrich soil fertility, synthase of 
substances with auxin like activities which increased root 
system and solubilization of micronutrients (e.g., manga-
nese, iron and zinc) and macronutrients (e.g., N and P). The 
researchers further documented that the AM can interplay 
with other soil microflora by supporting the growth of 
various biological systems, serving the best medium for 
microorganisms and mitigate biotic and abiotic stresses [9, 
10]. AM improved the capacity of the root system by two 
ways, 1) increasing the root surface by extending external 
hyphae network for up taking minerals and/or by profu-
sion of minerals transporters in symbiont membranes. 2) 
Enhance the absorbing of immobile phosphate ions in 
the soil by secreting phosphatases which hydrolyzes the 
organic phosphorous to minerals phosphorous [11].

Super absorbents can be considered a proper method 
to improve the sustainability of agricultural systems due to 
their high ion cation exchange capacity (CEC) and regulate 
nutrient availability. Zeolite and stacosorb as soil amended 
are known to lower the soil pH, increasing soil moisture 
conditions, ease the movement of elements to and from 
the mineral structure, improving ions sorption which can 
be released in a timely [12]. In this regard, these materials 
can be considered as a means of decreasing the use of 
chemical fertilizers while maintaining agricultural produc-
tivity. Zeolites and stacosorb made of an inorganic poly-
mer built from crystalline aluminosilicates [(AlO4)5− and 
(SiO4)4−] linked by oxygen atom [11]. When some of the 
Si4

+ is replaced by Al3
+ (in the silica framework), this makes 

negatively charged, which is facilitates exchanging cations, 

nutrient use efficiency and water availability. In any case, 
studies with stacosorbs are much less abundant than with 
zeolites, which enhance the worth of research and getting 
more data on this material, especially from field trials.

Therefore, in this study the effect of nano phosphorus 
(nano-P), arbuscular mycorrhizal and super absorbent on 
different parameters on wheat were evaluate. By doing 
this, we wanted to 1) clarify the role of P ion in yield com-
ponents development and subsequent yield production, 
2) quantify the N and P content in grain which is cooper-
ated with soil nutrients availability and 3) determine the 
responses of flag leaf area (LA) and chlorophyll content to 
the nano-P, bio fertilizer, soil remediation and interaction 
between them that are associated with biological yield.

2 � Materials and Methods

2.1 � Study site

The study was carried out at one of the silt–clay field 
in Baye Kola Agricultural Research Station affiliate to 
Mazandaran province, Agriculture Research Center, Iran 
(53° 13ʹ E, 36° 41 ʹ N, 4 m above sea level). With maxi-
mum (29.9 °C) and minimum (14.4 °C) average monthly 
temperature were happened in August and April, respec-
tively (Fig. 1). The experiment had thirty-two treatments 
and replicated three times as a split factorial arranged in 
randomized block design for 2 years (2017–2019). For soil 
analyses, the samples (0–30 cm depth) were randomly 
take, were air-dried, ground to pass through a 2 mm sieve 
and analyzed for physicochemical properties. The experi-
mental silt–clay soil possessed an EC of 0.8 dS m−1, a pH of 
7.7, and an organic carbon of 1.39%. Initial micronutrient 
including Cu, Mn, Zn and Fe values were 0.9, 76, 1.28, and 
19.2 mg kg−1, respectively. The available N, P, and K values 
were 0.115%, 9 kg ha−1, and 353 kg ha−1, respectively.

2.2 � Experimental setup and growth conditions

The main factor included mycorrhiza inoculation (without 
inoculation, bacterial inoculation with Glomus. mosseae, 
Glomus. intraradices and G. mosseae + G. intraradices), and 
sub factor was super absorbent polymer treatment (no 
application, 9 ton zeolite ha−1, 3 kg stacosorb ha−1 and 9 
ton zeolite ha−1 + 3 kg stacosorb ha−1) and phosphorous 
in the form of nano chelated phosphorous (no applica-
tion and application 200 mg L−1). The sowing of wheat (cv. 
Ehsan) was done in first week of October (in both years) 
using drill methods with inter-row spacing of 4 cm, an 
intra-row distance of 20 cm (with six sowing rows) and a 
plot size of 1 m × 5 m (5 m2). The irrigation schedule was 
applied as needed during the growing season.
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During planting, the recommended dose of 180 kg of 
N h−1 was applied as a base through urea. The first nano-P 
foliar application (an approximate of 400 L ha−1 of mix-
tures was applied) was laid out at the beginning of tiller-
ing stage at the morning. Second application were given 
14 days later with the help of knapsack sprayer with flat 
fan nozzle. Distilled water was sprayed on the control 
treatments for uniformity.

The super absorbent polymer (Zeolite and stacosorb) 
were given in selected treatments, before sowing and 
after preparation of the land. The mycorrhizal inoculum 
contained the propagules of two different species of AM 
fungi (Glomus mosseae or Glomus intraradices) and a sand 
acting as a carrier. The rate of the commercial product 
applied was 680 kg ha−1 year−1. The super absorbent poly-
mer and mycorrhizal fungi were applied in the two years 
(2017–2018), recommended by the producer.

2.3 � Harvest and nutrient analysis

On the spike heading, the flag leaf samples were manu-
ally harvested and measured for flag leaf area (Delta-T 
area meter; Delta-T Devices Ltd., Cambridge, UK) and 
total chlorophyll content based on Arnon methods [13]. 
Also, number of days until heading (50% appearance) 
was counted and registered. In order to study yield and 
yield components (at the stage of grain maturity), plants 
were harvested, from the net plot area leaving the border 
rows, weighted and dried at 70 °C for 48 h and registered 
as biological yield (kg ha−1). Number of tillers, stem length, 

spike length, grain number in spike, spikelet density and 
grain yield (kg ha−1) were calculated counted manually. 
Plant height was measured from the first reaching node 
to the base to the tip of the uppermost spikelet includ-
ing the awns then, spike length was subtracted from plant 
height to calculate stem length. The spikelet per spike 
were counted then divided by spike length to calculate 
spikelet density. The concentrations of nitrogen (N) and 
phosphorous (P) in grain were measured by standard 
macro-Kjeldahl procedure [14] and colorimetric method 
at wavelength of 450 nm, respectively.

2.4 � Data and statistical analyses

Data were analyzed using the general linear model (GLM) 
procedure of the SAS program and the critical difference 
were examined between studied treatments by Less Sig-
nificant Difference (LSD) test at (P ≤ 0.05). XLSTAT software 
(2018 version) was used to perform principal component 
analysis and cluster analysis.

3 � Results

The results of principal component analysis showed 
that among all the obtained components, the first and 
second components had eigenvalues higher than one 
and were selected as effective components (Fig. 2A). The 
first and second components had the highest relative 
variance among all components with 72.21 and 12.06%, 

Fig. 1   Average monthly air 
temperature and rainfall 
during the period of Octo-
ber–June in 2017–2018 and 
2018–2019
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respectively, and accounted for 84.27% of the total vari-
ance (Fig. 2B). The biplot obtained from the first and sec-
ond components showed that the T11, T8, T12, T16, T15, 
T19, T20, T27, T28 and T32 treatments were placed in one 
group and they had a high correlation with total chloro-
phyll content, number of tillers, spike length, biological 
yield, grain yield and grain nitrogen traits. On the other 
hand, the T18, T26, T22, T30, T23, T24 and T31 treatments 
were placed in the same group due to the similarity in 
terms of the first and second components and showed 
a strong correlation with spikelet density, flag leaf area, 
stem length, spikelet density, number of grain in tillers 
and grain P content traits (Fig. 2B).

3.1 � Days until heading

The number of days to heading was significantly affected 
by main effect of mycorrhiza, super absorbent, nano-P 
and interaction of mycorrhiza and nano-P which clearly 
noted in Table 1. The most umber of days to heading 
was recoded in all soil amended treatments except 
none application (zeolite, 180.9; stacosorb, 180.4 and 
zeolite + stacosorb, 180.7) (Table 2). Nonetheless, the 
foliar application of nano-P significantly amplified the 
number of days to heading in mycorrhiza inoculation 
as well as none inoculation. The highest number of days 
to heading (191.8) was recorded in plants exposed to 
200 mg L−1 nano-P in mycorrhiza inoculation plants (G. 
mosseae + G. intraradices) while the lowest (169.01) was 
noted in none inoculated plants treated without nano-
P. Although, there was no significant variance between 
application and without nano-P application but inocu-
lated plants by G. intraradices had higher number of days 

Fig. 2   The results of principal component analysis based on all 
studied traits. biplot based on first and second component A and 
scree plot derived from principal component analysis B the avail-
ability of the essential elements. Y1: days to heading, Y2: flag leaf 
area, Y3: total chlorophyll content, Y4: stem length, Y5: number of 
tillers, Y6: spike length, Y7: spikelet density, Y8: number of grain in 
tiller, Y9: biological yield, Y10: grain yield, Y11: grain nitrogen content, 
Y12: grain P content. T1: no inoculation + no super absorbent + no 
nano phosphorous, T2: no inoculation + no super absorbent + nano 
phosphorous application, T3: no inoculation + zeolite + no nano 
phosphorous, T4: no inoculation + zeolite + nano phosphorous 
application, T5: no inoculation + stacosorb + no nano phosphorous, 
T6: no inoculation + stacosorb + nano phosphorous application, 
T7: no inoculation + zeolite and stacosorb + no nano phosphorous, 
T8: no inoculation + zeolite and stacosorb + nano phosphorous 
application, T9: Glomus mosseae + no super absorbent + no nano 
phosphorous, T10: Glomus mosseae + no super absorbent + nano 
phosphorous application, T11: Glomus mosseae + zeolite + no nano 
phosphorous, T12: Glomus mosseae + zeolite + nano phosphorous 
application, T13: Glomus mosseae+stacosorb + no nano phospho-
rous, T14: Glomus mosseae + stacosorb + nano phosphorous appli-
cation, T15: Glomus mosseae + zeolite and stacosorb + no nano 
phosphorous, T16: Glomus mosseae + zeolite and stacosorb + nano 
phosphorous application, T17: Glomus intraradices + no super 
absorbent + no nano phosphorous;, T18: Glomus intraradices + no 
super absorbent + nano phosphorous application, T19: Glomus 
intraradices + zeolite + no nano phosphorous, T20: Glomus intrara-
dices + zeolite + nano phosphorous application, T21: Glomus int-
raradices + stacosorb + no nano phosphorous, T22: Glomus intra-
radices + stacosorb + nano phosphorous application, T23: Glomus 
intraradices + zeolite and stacosorb + no nano phosphorous, T24: 
Glomus intraradices + zeolite and stacosorb + nano phosphorous 
application, T25: G. mosseae and G. intraradices + no super absor-
bent + no nano phosphorous, T26: G. mosseae and G. intraradi-
ces + no super absorbent + nano phosphorous application, T27: 
G. mosseae and G. intraradices + zeolite + no nano phosphorous, 
T28: G. mosseae and G. intraradices + zeolite + nano phosphorous 
application, T29: G. mosseae and G. intraradices + stacosorb + no 
nano phosphorous, T30: G. mosseae and G. intraradices + sta-
cosorb + nano- phosphorous application, T31: G. mosseae and G. 
intraradices + zeolite and stacosorb + no nano phosphorous, T32: G. 
mosseae and G. intraradices + zeolite and stacosorb + nano phos-
phorous application

▸
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to heading when treated by nano-P with respect to no 
application (Table 3).

3.2 � Total chlorophyll content

There were observed significant variances in to total chlo-
rophyll content due to the effects of mycorrhiza, super 
absorbent, nano-P and their interactions (Table 1). In case 
of interaction of mycorrhiza and super absorbent, the 
maximum total chlorophyll content (10.71 mg g−1 FW) was 
noted in plants inoculated G. mosseae + G. intraradices and 
stacosorb soil amended while the lowest was observed 
in none inoculated plants without soil amended applica-
tion shown in Fig. 3. Overall, stacosorb in inoculated and 
none inoculated plants produced the highest total chlo-
rophyll content with respect to treatments where zeolite 
was added (Fig. 4). Averaged by soil amended treatments, 
the results showed that nano-P application significantly 
enhanced total chlorophyll content as compared with 
no nano-P application treatment. In addition, the results 
revealed that the maximum total chlorophyll content was 
observed in nano-P application and zeolite + stacosorb 
treatment (10.35 mg g−1 FW) followed by stacosorb treat-
ment (10.12 mg g−1 FW) which was in a same statistical 
level (Fig. 4). On the contrary, plants without soil amended 
and without nano-P application were the latest to produce 
total chlorophyll content (8.25 mg g−1 FW).

3.3 � Flag leaf area

Year, mycorrhiza, super absorbent, nano-P and interac-
tion of mycorrhiza and nano-P significantly affected the 
flag leaf area (Table 1). The highest flag leaf area (28.99 
cm2) was observed in second year (2020) which could be 
attributed to better growing conditions (Table 4). The flag 
leaf plant was increased with application of soil amended 
especially in wheat plants exposed to zeoilite + stacosorb 
(29.04) (Table 2). In fact, flag leaf plant increased in wheat 
under soil amended treatments performing better flag leaf 
area with respect to none application (26.5 cm2).

3.4 � Stem length

Mycorrhiza, super absorbent, nano-P and interaction 
of mycorrhiza and nano-P significantly effects the stem 
length of the plants as compared to untreated plants 
(Table 1). Zeolite + stacosorb application of 5 t.ha−1 for 
each (128.2 cm) had better stem length relative to 10 
t.ha−1 of zeolite (125.5 cm) or stacosorb (127.01 cm) but no 
significant difference was recorded at zeolite + stacosorb 
application and stacosorb solo application (Table 2). In 
case of mycorrhiza and nano-P application (Table 3), the 
effect of nano-P on stem length in inoculated plants (G. Ta

bl
e 

2  
M

ai
n 

eff
ec

t c
om

pa
ris

on
 o

f s
up

er
 a

bs
or

be
nt

 p
ol

ym
er

 o
n 

st
ud

ie
d 

tr
ai

ts

Ea
ch

 p
ar

am
et

er
 w

ith
 th

e 
sa

m
e 

le
tt

er
 is

 n
ot

 s
ig

ni
fic

an
tly

 d
iff

er
en

t a
cc

or
di

ng
 to

 L
SD

 te
st

 a
t t

he
 5

%
 le

ve
l o

f p
ro

ba
bi

lit
y.

M
ai

n 
eff

ec
t o

f
D

ay
s 

un
til

 
he

ad
in

g
Fl

ag
 le

af
 a

re
a

St
em

 
le

ng
th

 (c
m

m
)

N
o.

 o
f t

ill
er

s
Sp

ik
e 

le
ng

th
 (c

m
)

N
um

be
r o

f 
gr

ai
n 

pe
r s

pi
ke

Bi
ol

og
ic

al
 y

ie
ld

G
ra

in
 y

ie
ld

G
ra

in
 n

itr
o-

ge
n 

co
nt

en
t

G
ra

in
 p

ho
s-

ph
or

ou
s 

co
nt

en
t (

%
)

Su
pe

r a
bs

or
be

nt
(c

m
)

(k
g 

ha
−1

)
(k

g 
ha

-1
)

(%
)

N
o 

ap
pl

ic
at

io
n

17
7.

1b
26

.5
c

12
2.

6c
2.

21
d

12
.0

1c
48

.3
9c

10
13

1c
59

28
d

1.
58

d
0.

06
15

c
Ze

ol
ite

18
0.

9a
27

.9
b

12
5.

5b
5.

09
c

12
.8

3b
52

.6
4b

10
74

5b
63

84
c

1.
70

c
0.

06
28

b
St

ac
os

or
b

18
0.

4a
28

.6
a

12
7.

01
a

6.
31

b
13

.2
6a

54
.5

8a
11

30
7a

66
86

b
1.

78
b

0.
06

37
ab

Ze
ol

ite
 +

 S
ta

co
so

rb
18

0.
7a

29
.0

4a
12

8.
2a

6.
86

a
13

.4
6a

56
.1

4a
11

53
3a

69
03

a
1.

83
a

0.
06

38
a



Vol.:(0123456789)

SN Applied Sciences           (2023) 5:227  | https://doi.org/10.1007/s42452-023-05440-6	 Research

mosseae + G. intraradices) was not significant and they 
were in a same statistical level. Treatments without nano-
P in uninoculated recorded lowest stem length. Maximum 
stem length (126.6 cm) was observed in G. mosseae + G. 
intraradices treatment and application of 200 mg L−1 nano-
P followed by interaction of G. mosseae + G. intraradices 
and no nano-P treatment (128.8 cm) and G. intraradices 
inoculated plants and 200  mg L−1 nano-P application 
(128.9 cm) which were in a same statistical level (Table 3).

3.5 � Number of tillers

As presented in Table 1, the number of tillers was signifi-
cantly affected by super absorbent. The greatest number 
of tillers (6.86) was recorded in zeolite + stacosorb treat-
ment while the minimum was observed (2.21) in plants 
treated without soil amended. In fact, the number of tillers 
was increased with application of soil amended especially 
in wheat plants exposed to zeolite + stacosorb treatment.

Table 3   Two-way interaction between mycorrhiza inoculation and nano- phosphorous (nano-P) application on studied traits

Each parameter with the same letter is not significantly different according to LSD test at the 5% level of probability.

Mycorrhiza inoculation Nano-phosphorous Days until heading Flag leaf 
area (cm)

Stem length Spike 
length (cm)

Number of 
grain per 
spike

Grain phos-
phorous 
content

(cm) (%)

No application No application 169.01f 25.9d 119.7f 11.2e 46.6c 0.050f
200 mg L−1 nano-P 177.1d 26.7c 121.7e 12.3d 50.4b 0.056e

Glomus mosseae No application 173.9e 27.8b 124.07d 12.8c 49.8b 0.057e
200 mg L−1 nano-P 173.9e 29.1a 126.4c 13.09bc 54.1a 0.059d

Glomus intraradices No application 179.9d 27.1bc 127.5bc 13.05bc 54.4a 0.066c
200 mg L−1 nano-P 188.01b 28.9a 128.9ab 13.4ab 56.6a 0.069b

Glomus mosseae + Glo-
mus intraradices

No application 184.8c 29.2a 128.8ab 13.6a 55.01a 0.071a
200 mg L−1 nano-P 191.8a 29.3a 129.6a 13.3abc 56.2a 0.072a

Fig. 3   Two-way interaction between mycorrhiza inoculation and super absorbent polymer application on total chlorophyll content. Means 
having similar letters have no significant difference at 5% probability level by LSD test
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3.6 � Spike length

Results indicated that mycorrhiza, super absorbent, 
nano-P and interaction of mycorrhiza and nano-P had 
a significant effect on spike length (Table 1). Compared 
to control, when the plant treated by soil amended 
(Table  2), there appeared to be an enhance in spike 
length, while there was no significant variation in spike 
length exposed to stacosorb (13.26 cm) and zeolite + sta-
cosorb (13.46 cm). the interaction between the mycor-
rhiza inoculation and nano-P application was also sig-
nificant with regardless to spike that was high plants 
exposed to mycorrhiza and nano-P application (Table 3). 
The lowest was recorded for control plants (11.2 cm) 
while the highest one belongs to G. mosseae + G. int-
raradices in both with and without nano-P application 
(13.6 cm and 13.3 cm, respectively). Plant inoculating 
by G. mosseae were more affected by nano-P rather than 
plants inoculating by G. intraradices or G. mosseae + G. 
intraradices (Table 3) and there appeared to be improve-
ment in spike length.

3.7 � Number of grain per spike

Similar results as for spike length, occurred in number 
of grain p the availability of the essential elements per 
spike (Table 2). Application of super absorbent increased 
number of grain per spike. High number of grain in spike 
(56.14) was recorded in plants treated to zeolite + sta-
cosorb, while the lowest (48.39) noted in plants treated 
without super absorbent (Table 2). Similarly, in case of 
interaction, of mycorrhiza inoculation and nano-P appli-
cation, the maximum number of grain per spike (56.2) was 
achieved in G. mosseae + G. intraradices inoculation plants 
treated by 200 mg L−1 nano-P (Table 3). Averaged by nano-
P application, there was no significant difference between 
G. intraradices and G. mosseae + G. intraradices.

3.8 � Biological yield

The results of biological yield of wheat affected by treat-
ment are presented in Table 1. The results showed that 
biological yield significantly affected by main effect of 
mycorrhiza, super absorbent and nano-P. The wheat plants 
produced the least biological yield (10,131 kg ha−1) when 
planted without super absorbent (Table 2). Contrary, the 
high biological yield belongs to the plants treated by sta-
cosorb treatments (11,533 kg ha−1). Regarding biological 
yield affected by mycorrhiza inoculation (Table 5), inocu-
lated plants by G. mosseae + G. intraradices produced the 
highest biological yield (11,275 kg ha−1). Moreover, no 
inoculated plants produced the least weight of biological 
yield (10,605 kg ha−1) and the results were not significantly 
differed from that was observed for G. mosseae treatments 

Fig. 4   Two-way interaction 
between super absorbent pol-
ymer and nano-phosphorous 
(nano-P) application on total 
chlorophyll content. Means 
having similar letters have no 
significant difference at 5% 
probability level by LSD test

Table 4   Main effect comparison of year on studied traits

Each parameter with the same letter is not significantly different 
according to LSD test at the 5% level of probability

Year Flag leaf area Grain yield Grain phos-
phorous 
content

(cm) (kg ha−1) (%)

2019 27.07b 6316b 0.060b
2020 28.99a 6635a 0.065a
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(10,744 kg ha−1). Biological yield however, increased in 
wheat under nano-P treatments (Table 5). In this regard 
plants treated by nano-P treatments had the higher bio-
logical (11,249 kg ha−1) that was increased by 5.69% with 
respect to untreated plants.

3.9 � Grain yield

The grain yield (kg ha−1) was significantly differed due to 
studied years, mycorrhiza, super absorbent and nano-P 
application (Table 1). Grain yield significantly increased in 
second year (with an average of 6635 kg ha−1) which was 
higher that first year by 4.8% (Table 4). In case of inocu-
lation treatment (Table 5), untreated plants had the low-
est grain yield (6207 kg ha−1), but inoculation of plant by 
G. intraradices or G. mosseae + G. intraradices treatment 
enhanced grain yield production. Hence, there was no sig-
nificant variation between no-application (6207 kg ha−1) 
and G. mosseae (6369 kg ha−1) as well as G. intraradices 
(6692 kg ha−1) or G. mosseae + G. intraradices (6633 kg ha−1) 
(Table 5). Similar to biological yield, there was a significant 
enhancement in grain yield (Table 5) and nano-P treat-
ment (6672 kg ha−1) enhanced grain yield production by 
5.9% rather than no application (6278 kg ha−1).

3.9.1 � Grain nitrogen content

Main effect of mycorrhiza, super absorbent and nano-P 
application significantly affected the grain nitrogen con-
tent (Table 1) as compared to no application treatments. 
Zeolite + stacosorb treatments had the highest grain nitro-
gen content (1.83%) in both years, being 13.6%, 7.1% and 
2.7% higher than no application, zeolite and stacosorb 
treatment, respectively (Table  2). Regardless of super 
absorbent and nano-P treatments, inoculation of plants 
by G. mosseae + G. intraradices enhanced the grain nitro-
gen content by 4%, 1.71% and 0.57% relative to the no 
inoculated, inoculated with G. mosseae and G. intraradices 
treatments, respectively (Table 5). However, there was no 

significant variation between G. intraradices and G. mos-
seae + G. intraradices treatments. Grain nitrogen content 
however, increased under nano-P treatments (Table 5). In 
this regard, plant treated by nano-P had the higher grain 
nitrogen content (1.76%) that was increased by 3.9% with 
respected to untreated plants.

3.9.2 � Grain P content

In line with grain yield, second year (2020) produced more 
grain P content (by 8.3%) than first year (Table 4). Mycor-
rhiza and nano-P application increased grain P content in 
both years (Table 3). Averaged by nano-P application, the 
highest grain P content was observed in G. mosseae + G. 
intraradices with application and no application of nano-P 
(0.071% and 0.072%, respectively) which were in a same 
statistical level (Table 3). However, in each level of mycor-
rhiza inoculation, nano-P treatments had higher grain P 
content. Moreover, increased grain P content induced by 
super absorbent which were greater than no super absor-
bent treatments (Table 2). Zeolite + stacosorb treatments 
had the highest (0.0638%) grain P content being 3.6%, 
1.5% and 0.15% higher than no super absorbent, zeo-
lite and stacosorb treatments, respectively (Table 2). The 
results were not significantly differed from that observed 
for stacosorb and zeolite + stacosorb as well as zeolite and 
stacosorb treatments (Table 2).

4 � Discussion

The soil of the experiment site was poor in available 
P and N, thus the response of each of the plant growth 
parameters (i.e. flag leaf area, total chlorophyll content, 
stem length, grain nutrients content, yield and yield com-
ponents) to the various treatments were significant and 
nearly identical exhibiting improves due to nano-P, super 
absorbent polymer and bio fertilization.

Table 5   Main effect 
comparison of mycorrhiza 
inoculation and nano-
phosphorous (nano-P) on 
studied traits

Each parameter with the same letter is not significantly different according to LSD test at the 5% level of 
probability

Main effect of mycorrhiza inoculation Biological yield Grain yield Grain 
nitrogen 
content (%)

(kg ha−1) (kg ha-1)

No application 10605b 6207b 1.68c
Glomus mosseae 10744b 6369b 1.72b
Glomus intraradices 11091a 6692a 1.74ab
Glomus mosseae + Glomus intraradices 11275a 6633a 1.75a
Main effect of nano-phosphorous
No application 10608b 6278b 1.69b
200 mg L−1 nano-P 11249a 6672a 1.76a



Vol:.(1234567890)

Research	 SN Applied Sciences           (2023) 5:227  | https://doi.org/10.1007/s42452-023-05440-6

The results of present study showed that combinations 
of mycorrhiza and nano-P had more beneficial effects 
on days until heading than solo application (Table 3). 
Improvement of plant growth period by mycorrhiza, par-
ticularly in low P soils is largely attributed to extraradi-
cal hyphae making to available inaccessible water and 
nutrient to the root system. It should be mentioned that 
the increase growth periods and accumulation of small 
increases in photosynthesis rate and higher leaf area, 
might resulted to greater biological and economical yield 
[15]. Treatments with stacosorb + zeolite significantly 
enhanced days until heading compared to none treat-
ments (Table 2), because super absorbent has the capac-
ity to reduce nitrate and ammonium from leaching and 
improved P, K and Ca absorption in the soil and release 
them slowly [16]. By this technique stacosorb and/or 
zeolite play an important role in establishment and also 
enhances the growth of wheat.

The positive effects of zeolite treatment on total chlo-
rophyll content is considered as the benefits of the super 
absorbent addition which was greater with nano-P treat-
ment [17]. However, without nano-P fertilizers, there were 
lower, albeit still positive leaf chlorophyll responses to 
soil amended application (Fig. 4). These smaller reactions 
may be attributed to the insufficient value of P in root 
zoon, which do not allowed plants to process their physi-
ological metabolites and nutrients uptake [18]. It should 
be mentioned that P had little effect on tap root exten-
sion and branching of primary laterals initiated suggest 
that root systems growing in optimum fertility would be 
more branched [19]. Increase in chlorophyll content with 
nano-P application might be explained by correlation and 
complex formations between Ribulose 1,5-bisphosphate 
(RuBP) carboxylase/oxygenase and HPO4

2− in plant as 
proposed by Siebers et al. [20] in rice plants, means that 
P elements might be one of the primary factors for chlo-
rophyll biosynthesis pathway. Also, P being a component 
of the protoplasm membrane, involved in a number of 
proteins, all nucleic acids and nucleotides, as well as main 
key in controlling the enzyme reactions and the regulation 
of metabolic pathways therefore, helps in generation of 
chlorophyll, translocation of photosynthates and in turn 
increases sink capacity and induced growth improvement 
in wheat [3]. It has been suggested by many research-
ers that the biosynthesis of the pigment molecules was 
dependent on the availability of P [21]. It could be con-
cluded that at a low level of P, the rate of photophospho-
rylation and transport of electrons in the photosynthetic 
electron transport chain were decreased.

The results of present research confirmed our hypoth-
esis that stacosorb and zeolite soil-amended co-addition 
with mycorrhizal colonization promotes leaf chlorophyll 
content. It has been reported that suitable use of bio 

fertilizers caused improvement in physic-chemical soil 
properties, soil fertility and plant performance through 
beneficial effects on the availability of the essential ele-
ments [22], particularly when the soil situations are 
improved by super absorbent materials due to improved 
nutrient and water uptake through the host plant. Zeolite 
as soil amended improves useful microorganisms’ activi-
ties in root zone, increase bacteria survival that stimulat-
ing plant growth and increase soil enzyme activities such 
as the phosphatase and catalase [23]. Furthermore, using 
mycorrhiza is a proper method to increase soil fertility 
through providing of required mineral nutrients via two 
mechanisms: 1) Due to the extension of the hyphae net-
work and root surface. 2) The increased total canopy tran-
spiration, which accelerates the mass flow of these nutri-
ents through the soil to the roots of inoculated plants [24].

However, super absorbents such as stacosorb and zeo-
lites contain Ca+2 and Mg+2 in their own silica framework, 
negative charges and high ion exchange capacity as a 
result of the isomorphic substitutions of Si4+ by Al3+ in the 
structure, which may also have helped to regulate the sup-
ply of Ca and Mg to plants. Possibly, stacosorb and/or zeo-
lites provide the nutrients in rhizosphere, which facilitates 
access to the roots. Improvement nutrient status has also 
been resulted to higher photosynthesis and net assimila-
tion production. In dead, stacosorb and/or zeolites appli-
cation increase photosynthesis capability due to higher 
chlorophyll content and leaf area which lead to better 
plant growth and dry weight production. In accordance 
with previews findings [25], Ca plays a significant role in 
photosynthesis, regulation of photoprotection, stomatal 
and chloroplast movements, the pathways of photochemi-
cal reactions and regulating the photosynthetic enzyme 
activities biosynthesis of assimilate. On the other hand, as 
described by Keshavarz-Mirzamohammadi [26], Mg play-
ing a key role in the structure and photochemical activities 
of photosystems, involved for chlorophyll synthesis, acti-
vation of RUBPcar/oxy enzymes, photosynthetic electron 
transport and facilitated assimilate transition from source 
to sink which affects photosynthetic capacity as well. Thus, 
mycorrhized plants with zeolite would have expended 
more chlorophyll in their leaves than the plants of the 
control treatment.

Inoculation plants with mycorrhiza increased signif-
icantly the flag leaf area and stem length during two 
growing seasons. This might be due to the concurrent 
enhances that happened in the higher root area via 
the extended mycorrhizal hyphae [22], beside of the 
increases that occurred in P availability by nano-P appli-
cation. Another mechanism of mycorrhiza inoculation 
probably is utilization of N element which decreased 
mineral N loses from soil, resulted to higher growth 
parameters. These micro-organisms have great role in 
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improving the symbiotic relationship between soil and 
plant and contribute effectively to increasing the absorp-
tion of essential plant nutrients. Also, they enhance the 
activity of other microorganisms present in the soil and 
spread fungal hyphae to improve the soil physical and 
chemical properties [4], which improved the growth 
and development of wheat. Mycorrhiza is responsible 
for optimistic adjustment in the promoter hormones (i.e., 
auxins, cytokinins and gibberellins). However, negative 
effects of mycorrhizal inoculation on plant growth were 
also reported [21, 27] due to competition for photosyn-
thesis assimilate. Indeed, competition for photosynthetic 
energy between plant (host) and fungus is the main item 
responsible for negative or positive effect of inoculation 
on plant growth. In our study, combination of G. mos-
seae + G. intraradices and stacosorb + zeolite treatment 
decreased total chlorophyll content (Fig. 3). It was docu-
mented that the fungus receives between 15 and 30% 
of photosynthetic production [22]. The fungus extends 
their hyphal network to access water and nutrients. The 
development of the hyphae network and structures 
requires assimilate. Thus, inoculated plants would have 
spent more assimilate than un-inoculated plants, which 
probably was the main reason for their reduced chloro-
phyll content.

It worthy to mention that flag leaf area in inoculating 
plants with mycorrhiza species (individually or collectively) 
was higher in nano-P treatment rather than not applica-
tion. Probably, the small size and large surface of nano par-
ticles account for increasing the P-utilization rather than 
ordinary fertilizers [28]. Nano technique provide the ease 
of penetration of nutrients into the walls of the plant cells, 
which facilitates access to vascular bundles [29]. Conse-
quently, nano fertilizers provide sensible nutrition to vari-
ous center reactions such as respiration, photosynthesis, 
cell division and elongation. Improvement nutrient status 
(due to mycorrhiza and nano fertilizer treatment) has also 
been resulted to higher photosynthesis and net assimila-
tion production [22, 29]. In dead, combination of mycor-
rhiza and nano fertilizers increase photosynthesis capabil-
ity due to higher chlorophyll content and leaf area which 
lead to better plant growth and dry weight production.

It was significant difference between application and no 
application of nano-P in term of biological yield (Table 5) 
which could be due to the fact that nano fertilizer has a 
higher chemical and physical activity than traditional ones 
because of the higher surface area of the nano particles 
which accelerate the enzymatic activities of the photo-
synthesis and other metabolic activities. Therefore, nano 
fertilizers directly reflected on increase the vegetative 
growth parameters such as stem length, leaves area and 
total dry weight. The current results showed that coloniza-
tion can increase biological yield (Table 5) as well as yield 

components due to better plant N and P nutrition, espe-
cially after the plant was amended with nano-P.

The availability of P from bio fertilizers help the wheat 
plant to get higher leaf area and chlorophyll content, trap 
more photosynthetically active radiation which increased 
plant height, number of fertile tillers, number of grain per 
spike, grain weight, grain yield and biological yield. It has 
reported that emergence of cereals tillers enhanced posi-
tively with zeolite treatment, due to P and silicon avail-
ability which enhance the emergence of secondary tillers 
[16, 30]. The data of present research shows that zeolite 
as soil amended has a significant role in generating fertile 
wheat tillers (Table 2). It could be explained that enhance-
ment of yield component values of wheat in our study is 
due to use of super absorbent and bio fertilizer which 
lead to better allocation assimilates to spikes and grain 
through increasing the cell division and better use of envi-
ronmental conditions. In addition, soil treated by zeolite 
had higher soil water content due to its high porosity crys-
tal structure which increase water holding capacity [11]. 
It has reported that zeolite treatments compared to the 
unamended, increased the yield of rice [16, 30] and this 
yield improvement was related to the increase in spikelets 
per spike, effective spikes, and 1000-grain weight.

Also, the increase in yield components could be attrib-
uted to improvement the absorption area through the 
activity of root hairs and fungal hyphaes deep permea-
tion. Bio fertilizer produces the siderophores compound 
that works nutrients availability which increase their role 
in physiologic activity leads to raise assimilate production. 
In other hand, the ability of bio fertilizer in synthesis of 
phosphatase enzyme can be contribute in which positively 
improve yield and yield components of wheat. In addi-
tion, biofertilizers by nitrogen fixation can increased chlo-
rophyll production and the leaves area which affected on 
the accumulation of photosynthesis activities and outputs 
leaded to increase the yield. In fact, there was a positive 
correlation between grain nitrogen content and grain yield 
(r = 0.885**) which approve our hypothesis (some data not 
shown). Usually, NH4

+ (ammonium) hydrolysis and nitrified 
quickly before being uptake by plants. The high CEC level 
of super absorbent [12] indicating the beneficial effects 
of zeolite and stacosorb as a slow release fertilizer, to des-
orbed and uptake by plants to inhibit nitrification of NH4

+ 
to NO3

− which could be the reason why plant growth and 
grain yield was improved in super absorbent treatment.

In addition, there was a linear and significant correla-
tion (r = 0.924**) between biological yield and grain yield 
(some data not shown). It was reported that the grain 
yield of wheat mainly was derived from shoot dry mat-
ter that was produced before anthesis and translocated 
to the grain during the grain filling stage [4]. This sug-
gests that increasing total shoot biomass, is necessary 
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for high yield production. It worthy to notice that higher 
grain yield in 2019 than 2020 were positively linked to 
the enhance in flag leaf area (r = 0.706**) and 1000-grain 
weight (r = 0.647**) (some data not shown).

The increased N levels of grain in super absorbent 
(stacosob + zeolite) treatment could be attributed to 
enhanced rates of mineralization and absorption of ammo-
nium because of the high CEC and affinity of zeolite and 
stacosorb for ammonium. In term of NH4

+ in particular, it is 
possible that the affinity of zeolite and stacosorb for NH4

+ 
might have not only reduced nitrification but it also has 
facilitated slow release of NH4

+ to prevent it from leach-
ing. Furthermore, the presence of zeolite and stacosorb 
reduced microsite pH by preventing ureolytic activity of 
microorganisms to minimize ammonia volatilization from 
NH4

+ [31]. Treatments with zeolite significantly increased 
soil nutrient levels compared to unamended soil, because 
when these materials are mixed with soil and chemical 
fertilizers, they help to retain plant nutrients in soil and, 
improving the long-term soil quality and as well reducing 
leaching of ammonium and nitrate in the soil [32–35].

The trend of P uptake was similar in inoculated plants 
regardless of the nano-P treatment. The content of P 
shows that the use of mycorrhiza resulted in significant 
improvement of P uptake for treatments with G. mos-
seae + G. intraradices whereas the no inoculated plants 
showed the lowest P content. The higher grain P content in 
the G. mosseae + G. intraradices and nano-P treatments was 
due to the higher solubility of the P compared non inocu-
lated plant. Increase in soil pH due to zeolite application 
may have also contributed to these nutrients’ availability.

5 � Conclusions

Our results confirm that the application of nano-P accord-
ing to crop demand and soil analyze status are appropriate 
without decreasing in grain yield. Further improvement 
in others mineral nutrients rates could be achieved, if the 
mineralization potential of AM treatments were taken into 
account. Further, this study shows that the super absor-
bent materials, either alone or through the use of other 
treatments could enhance yields and grain P and N con-
tent in this agricultural system. Therefore, AM are capable 
to increase crop plants production, particularly when the 
soil conditions are poor in terms of mineral nutrients and 
organic matter. And finally, improvement in grain yield 
(where soil amended and bio fertilizer treatment are used) 
mainly results from lengthening of the plants’ lifetime, 
enlargement of the photosynthetic apparatus and yield 
components. These contradictory pieces of data suggest 
that mycorrhiza inoculation need to be carefully selected 
based on weather condition, soil and water ability status, 

and the availability of mineral nutrients. This study can 
provide guidance for the selection fertilizer management 
strategies of winter wheat in arid and semi arid condi-
tions. Also, in future, studies may focus on investigating 
the effect of the super absorbance under drought stress 
conditions, because they help the soil to retain/hold mois-
ture to prevent the plant from going to desiccation under 
drought condition.
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