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Abstract. Most of rangeland soils are limited in their ability to supply adequate nutrients to
plants. Soil conditioners have shown to alter soil fertility and plant characteristics. This
investigation aims to evaluate the influence of two soil conditioners on nutrition value of N.
schoberi and A. podolobus. For this, two separate experiments for each species were carried
out in a greenhouse using a completely randomized design with three replications during 2018
and 2019. Treatments had four levels of Wheat Straw Biochar (WSB) as well as Lignite at
rates of 0, 1.25%. 2.5% and 3.75% w/w added to clay loam soil. In the end of vegetative stage
and before flowering, plant samples were taken and their Crude Protein (CP) and Acid
Detergent Fiber (ADF) content were measured and then, Dry Matter Digestibility (DMD) and
Metabolizable Energy (ME) were calculated. Data were analyzed by One-way analysis of
variance (ANOVA) and the means were compared using Duncan's test. The results
demonstrated that WSB addition had no effect on nutrition value of both species. By
application of Lignite, CP content of N. schoberi enhanced up to 44.45% more than that for
control. The effect of lignite addition on nutrition value traits was high for N. schoberi. But
this material had no effect on A. podolobus quality traits. Based on our findings, application
of lignite at 3.75 (w/w) was recommended to improve soils of rangeland for cultivation of N.
schoberi in dry-land plantation projects or the conversion of dry lands to arable pastures.
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Introduction

N. schoberi and A. podolobus species are
usually used for rangeland improvement
(Moghimi, 2006). Nutrition value of most
species changes during phenological stages
(Ahmadi et al., 2016). Zare et al. (2019)
showed that crude protein (CP),
metabolizable energy (ME) and dry matter
digestibility (DMD) of Salsola tomentosa
and Salsola yazdiana were decreased
during growth stages. The nutrition value
of rangeland species change during
different phenological stages (Ahmadi
Bani etal.,, 2014), so, knowing their
nutrition value is crucial to supply a
rational diet to livestock and determine
stocking rate and grazing time in
rangelands (Ashrafzadeh et al., 2019).

Optimal growth of rangeland plants and
achieving maximum forage quantity and
quality require a sufficient amount of
supplementary fertilizers in the soil
(Shahrasbi et al., 2015). This object can be
achieved by chemical, organic, and
biological amendments  and soil
conditioners (Shahrasbi et al.,
2015).Chemical conditioners will certainly
have adverse impact on environment.
Therefore, it is important to discuss using
another type of conditioners such as
biological conditioners produced by the
decomposition of products such as plant
tissue, sewage sludge and organic
fertilizers from municipal waste (Behnam
etal., 2017).

Meanwhile, Biochar (BC) as a soil
conditioner has been paid attention by
researchers (Behnam et al., 2017). BC is a
highly stable organic compound produced
by burning of organic residues including
agricultural, forest and municipal waste
such as wood, wastewater, green waste,
poultry waste, pine sheets, rice husk, pulp,
and other pulses (Hu et al., 2013). BC has
high stability and is produced for waste
management, climate change reduction,
energy production and soil properties
improvement (Khadem et al., 2018).
Furthermore, it affects soil physical (soil
structure, bulk density and hydraulic
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conductivity), chemical (pH, cation
exchange capacity and organic matter
content) and  biological  (microbial
diversity, enzymatic activity and soil
microbial  population) properties and
fertility.BC increases plant yield by
providing a major part of its necessary
elements. It is mostly reported that BC
improves soil properties (Khadem et al.,
2018).

Hafeez et al. (2017) investigated the
effects of corn BC on seed emergence,
plant growth, carbohydrates and protein
content of soybean leaf under drought
stress. They observed a significant increase
in carbohydrates content. However, BC
had no significant effect on protein content
and germination rate than control group.

Teodoro et al. (2019) used BC compost
to study soil physical and chemical
properties as well as the growth of Lolium
perenne and Eruca sativa in a metal-
contaminated soil. They found that the
weaker growth of the plant in the control
soil was likely due to the toxicity of the
metals and this was especially evident in
the case of E. sativa. It has also been
shown that metal exposure causes a
reaction with oxygen in the plant's
metabolizable system and it changes the
amount of plant protein and carbohydrates
(Teodoro et al., 2019).

Rehman et al. (2019) used the rice husk
BC to enhance the growth of Boehmeria
nivea and its morphological characteristics
in copper-contaminated soil. They stated
that using rice husk BC 10% had
significantly increased chlorophyll content,
plant height and stem diameter of
Boehmeria nivea.

Huy et al. (2013) used the rice husk BC
to increase production and growth of
Brassica chinensis, Brassica pekinensis,
Brassica juncea and Ipomoea aquatic.
They demonstrated that increasing BC
application rate from 0 to 5 kg/m? led to a
linear increase in species biomass.
Moreover, the mean of CP for leaf and
stem increased from 13.7% to 18.1% and
7.23% to0 9.16%, respectively.
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Zainul et al. (2017) used “compost BC”
and “mixed compost and compost BC” to
increase the growth and photosynthetic
activities of Phragmites karka. They
observed that only compost BC increases
the growth of the species.

In many rangelands, soil receives low
input and tends to be degraded, poorly
managed or not managed at all (Niknahad-
Gharmakher et al.,, 2015p). Despite
increasing use of BCs in agricultural fields,
a few studies have been conducted to
investigate the effects of this conditioner
on nutritional indices of rangeland plants.
Increasing vegetation cover and forage
production with high nutritional value are
of the important goals of rangelands
biological improvement plans. Regarding
the increasing trend of degraded lands
improvement in the world, the use of
suitable species will be of great importance
(Niknahad-Gharmakher et al., 2015;). A.
podolobus, belonging to the family
papilionaceae (Astragalus genus), is one of
the most valuable species without thorns
and is well used in the conversion of dry
land to arable pastures in terms of the
nutritional value of plant and soil
conservation  aspects. N.  schoberi,
belonging to the family Zygophyllaceae
(Nitraria genus), is a multiple use species
used for soil stabilization and forage
production in salty lands (Moghimi, 2006).
Therefore, this study investigated the
alteration of nutritional value of N.
schoberi and A. podolobus under wheat
straw biochar (WSB) and lignite, a type of
coal that is abundantly present in all coal
mines as tailing or thermal coal, an
addition to make the best management
decisions and select appropriate species
and soil conditioner.

Materials and Methods

A clay loam soil was collectedfrom the
topsoil 0-15 cm at Incheh-boroun winter
rangeland in Golestan province, Iran. WSB
derived from irrigated wheat straw was
produced using an electric furnace at
400°C, and residence time of six hours in
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Noavaran Zist Bonyan Avisa Company in
Ahvaz, Iran. Lignite was also purchased
from Kuhbanan mine in Kerman province,
Iran. Soil subsamples (three replicates per
treatment) were placed in pots (25.5 cm
diameter and 245 cm height) in a
greenhouse. WSB and lignite were
uniformly added at a rate of O (control),
1.25%, 2.5% and 3.75% (dry weight
basis).

Finally, the seedling of N. schoberi and
A. podolobus species, which is provided
from natural resource department of
Golestan province, was planted in the pots.
Plant samples were clipped manually with
special scissors in the end of vegetative
stage and before flowering, dried at 70°C
in oven and ground pass through 100
micron screen. Nitrogen (N) was measured
by an automatic Kjeldahl 1100 machine
(BEHR Company, Germany) and acid
detergent fiber (ADF) was determined
using Fibertec 2010 (FOSS Company,
Germany) according to AOAC (2000). The
crude protein (CP), dry matter digestibility
(DMD), and metabolizable energy (ME)
were estimated by the following equations,
respectively.
Equationl
CP =sy0x N%
Equation2
DMD% = Av.0A — -.AYF ADF% + v.vs¥ N%
Equation3

E (K:‘D'M) — ..,V DMD % —

Statistical analysis

Differences among levels of treatments
(WSB and lignite) for each species were
analyzed by One-way analysis of variance
(ANOVA) using the SPSS»; statistical
software and the means were compared
using Duncan's test. Microsoft Excel was
used to draw the figures.

Results

Nitraria schoberi

The One-way ANOVAs were made to test
the effects of WSB and lignite rate on
forage quality traits of N. schoberi in
greenhouse condition. Result demonstrated
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a significant effect (p< 0.05) of WSB and
lignite addition doses on all of quality
traits of this species (Table 1).

The results obtained on the CP content of
N. schoberias influenced by different
levels of lignite (Fig 1.) showed the
increasing rates of lignite application. The
corresponding CP values were 10.58%,
12.24% and 12.51% in pots with lignite at
1.25%, 25% and 3.75% (w/w),
respectively. All 'WSB addition levels
caused no significant alteration in the CP
content of N. schoberias compared with
the control while a significant decrease
(9.71%) relative to the control (8.66%) was
recorded in the pots receiving 1.25% (w/w)
WSB.

The results revealed that lignite addition
altered the values of ADF across all the
incorporation doses which were found to
be directly proportional to the rate of
addition (Fig.1). Among lignite treated
pots, the lowest ADF value (12.45%) was
observed in pots receiving 3.75% (w/w)
lignite, which was significantly lower than
the control. Different levels of WSB
addition caused no significant change in
the percentage of ADF (Fig.2).

The results obtained on variation of
DMD content for N. schoberiare given in
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Fig.1. Incorporation of lignite at 3.75%
(w/w) caused significant increase (DMD,
77.84%) in the value of DMD compared
with the control (DMD, 75.62%) while
lignite rate in 1.25% (w/w) had no
significant effect on (DMD, 73.4%).
Different doses of WSB application caused
no significant effect on DMD as compared
with the control.

The results obtained on ME of N.
schoberias influenced by different doses of
lignite and WSB are presented in Fig. 1.
Among lignite added treatments, the
highest ME (11.23 MJ/kg DM) was
observed in 3.75% (w/w) application rate
and the lowest value 10.47 MJ/kg DM was
observed in 1.25% (w/w) addition dose
(Fig.1). Lignite addition at 3.75% (w/w)
caused significant increase in ME as
compared with the control (ME, 10.85
MJ/kg DM) while application at 1.25%
(w/w) caused significant decrease relative
to the control.

Different levels of WSB incorporation
rates caused no significant change in the
ME as compared with the control although
there was a significant difference between
WSB 1.25% and 2.5% (w/w) added pots
(ME, 10.69 and 10.87 MJ/kg DM).

Table 1. Analysis of variance of four forage quality traits of N. schoberi in lignite and WSB added pots

MS
SOV DF CP ADF DMD ME
Between groups 6 6.31" 6.25" 536 0.15"
Within groups 14 0.05 0.41 0.008
Total 20

**Zsignificant at 1% probability level
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Fig.1. Effect of WSB and lignite on CP and ADF DMD% and ME (MJ/kgDM content of N. schoberi
Means in each column followed by similar letters are not significantly different at 5% probability level using
Duncan Test

Astragalus podolobus

The One-way ANOVAs were made to test
the effects of WSB and lignite rate on
forage quality traits of A. podolobus in
greenhouse condition. Result demonstrated
a significant effect (p< 0.05) of WSB and
lignite addition doses on all of quality
traits of this species (Table 2).

The results revealed that lignite addition
significantly increased CP content of A.
podolobus across all the application levels
which  were found to be directly
proportional to the rate of
incorporation.The CP% was increased
from 6.73% in the control to 8.04%, 9.09%
and 8.83% in pots with lignite at 1.25%,
2.5% and 3.75% (w/w). Different WSB
addition rates caused to diverse variation in
the CP content of A.podolobus. A

significant higher value of CP content (CP,
7.34%) was observed in treatment
receiving 3.75% (w/w) WSB relative to the
control. WSB application at 1/25% and
2.5% (w/w) caused no significant effect on
CP% (Fig2).

Among lignite incorporated pots, only
application rate at 3.75% (w/w)
significantly increased ADF of A.
podolobus (ADF, 21.7%) relative to the
control (ADF, 16.35).

A significant lower DMD value (DMD,
68.89%) was observed in treatment
receiving 3.75% lignite (Fig.2) but had no
significant relationship with control. For
WSB, all treatments had lower values than
control and application of WSB decreases
both DMD and ME (Fig.2).The result of
ME was similar to DMD and lignite
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application rates had no significant effect
as compared with the control. All WSB
addition doses caused significant decrease
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in the value of ME. The largest decrease
was noted in treatment receiving 2.5%
WSB (Fig.2).

Table 2. Analysis of variance of four forage quality traits of A. podolobus using lignite and WSB added pots

MS
SOV DF CP ADF DMD ME
Between groups 6 6.18™ 67.33" 57.28" 1.65™
Within groups 14 0.07 291 1.97 0.05
Total 20

**=significant at 1% probability level
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Fig.2. Effect of WSB and lignite on CP and ADF DMD% and ME (MJ/kgDM content of of A. podolobus
Means in each column followed by similar letters are not significantly different at 5% probability level using
Duncan Test

Discussion

Lignite amended pots in this study showed
significant increase in CP content of N.
schoberi. and A. podolobus while WSB
addition caused no effect on CP content in
both species (except WSB 3.75% added
CP% in A. podolobus). Application of
lignite in pots enhanced CP% of N.
schoberi and A. podolobus by 44.45% and

35% higher than that for control,
respectively. The results of lignite
application on CP% of N. schoberi and A.
podolobus were in agreement with Husk
and Major (2011) who reported that using
BC may increase soybean biomass, and its
CP content up to 17%. Since CP is derived
directly from nitrogen, it can be concluded
that the BC has a main role in improving
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plants nitrogen content (Chan et al., 2007).
It has been reported that nitrogen content
of the legumes increase in the presence of
BC (Rondon et al., 2007). Studying the
impact of waste sludge BC on the forage
quality of Hyparhenia hirta demonstrated
that application of BC in the soil had
increased CP value of (16.2%) than that for
control (9.4%) (Hossain et al., 2015).

According to the results, lignite addition
at 1.25% and 2.5% significantly increased
ADF content of N. schoberi and only its
application at 3.75%  significantly
decreased ADF percent of this species
(10.5% lower than control). WSB
incorporation caused no change in ADF
content of N. schoberi. In the case of A.
podolobus, all WSB application doses
clearly increased its ADF content similarly
for lignite, and only addition of 3.75% to
the soil had increased ADF. In contrast to
our result for A. podolobus, Husk and
Major (2011) showed that the soybean
ADF content slightly decreased (from
37.98% to 36%) after BC addition.
Hossain et al. (2015) reported that the
ADF of Hyparhenia hirta in control
treatment and waste sludge BC were 40%
and 35.5%, respectively. These findings in
addition to our results suggest that
different BCs have diverse effects on
different species.

Only lignite addition at 3.75%
significantly increased DMD and ME of N.
schoberi and other doses of lignite and all
added WSB levels had no effect on the
mentioned forage quality traits. In the case
of A. podolobus, all added levels of WSB
and lignite at 3.75% significantly
decreased DMD and ME of this species.
Alberto et al. (2018) reported that different
BC treatments had no significant effect on
DMD of Avena sativa. Similar results were
reported by Sanchez Gutierreza et al.
(2014) and Barnes (1990).

In this regard,7% of CP, 50% of DMD
and 8 MJ of ME/Kg DM have been
recommended as forage critical limits to
keep grazing livestock in the rangelands
(Arzani et al., 201Y¥; Holechek et al.,
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2005). Our results revealed that both of
studied species have these criteria. So,
these species are suitable for using in
rangeland improvement projects. Due to
the significant positive effect of lignite
incorporation on forage quality of N.
schoberi, its application is recommendable
for plantation of this species. WSB
application had no effect or negative effect
on the quality traits of both species, so its
application in N. schoberi and A.
podolobus plantation project cannot be
recommended.

Among ecological factors, climatic and
soil factors play an important role in
determining plant habitat. Soil properties
(especially soil texture) are effectively
involved in the establishment and growth
of plant species (Jafari et al., 2003 and
Aslani et al., 2013). The different
responses of studied species (especially A.
podolobus) to the different soil
conditioners indicate that in extensive
plantation  programs,  environmental
characteristics of desired area should be
considered.

Conclusion

Both of studied species have acceptable
forage quality. Our results revealed that N.
schoberi efficiently responds to soil
conditioner addition as compared with A.
podolobus. Using lignite at 3.75% (W/W)
is recommended in N. schoberi plantation
projects in winter rangelands of Golestan
province, lIran. Moreover, the results of
this study could be useful in the conversion
of dry lands to arable pastures.
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