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Abstract

This pot-based study investigated the influence of co-composted wood-derived biochar on lettuce growth
performance under salinity and drought stress conditions. Biochar of two particle sizes; > 2 mm and < 1 mm
were co-composted with the mixture (1:1 ratio of dry weight) of cow and poultry manures. Co-composted
biochars were applied at 5% and 7% rates in soil. Control treatments included the amendment of mixture of
biochar with manure in soil. Pots were subjected to slight drought (48-55% water filled pore space (WFPS) of
soil) and non-drought conditions (60% WFPS) and under o and 1.3 dS m™ salinity. Results revealed that plants
growth performance was significantly better under treatments of co-composted biochar and no salt stress
conditions, than when mixture of biochar and manure was applied to soil as non-composted fertilizer. Under no
stress condition, small particle-sized co-composted biochar increased root biomass by 786.2% than the large
particle-sized co-composted biochar at same application rate. As compared to large-sized co-composted biochar,
small sized co-composted biochar at high application rates increased root biomass by 167 — 245% but not leaf
biomass under both stress conditions. Small particle-sized co-composted biochar amendment also increased the
phosphorus use efficiency (PUE) of lettuce leaves than large particle-sized co-composted biochar under no stress
condition. The amendment of small-sized co-composted biochar also increased significantly the concentration of
Olsen phosphorus in soil than the amendment of large-particle-sized co-composted biochar. In conclusion,
amendment of small particle-sized co-composted biochar has the potential of attenuating salinity and drought

stress in lettuce and promoting P cycling in soil.
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Introduction

Biochar is a porous pyrogenous biomass, generated
from incomplete combustion of any biomass (e.g.
wood, manure, bone, algae, crop stover, husk, nut
shells) under oxygen-deficient conditions (Lehmann
and Joseph, 2015). Drought and salinity are the major
limiting factors in agricultural lands of semi-arid and
arid regions. Amendment of biocarbon ameliorates
these conditions by enhancing water holding capacity
and reducing salt concentration in the soil solution
(Palansooriya et al., 2019). Biochar is a porous
medium, and therefore has high adsorption capacity
for nutrients, salts and toxins (Gul et al., 2015; Gul
and Whalen, 2016; Haider et al., 2020; Zhang et al,,
2020). When it is further crushed into small particles,
its surface area further increases, which may also
increase its adsorption capacity for nutrients, salts
and toxins (Wang et al., 2010; Ghori et al, 2019;
Manzoor et al., 2019).This factor in return results in
the elevation of salt and toxicity stresses in plants,
allowing them to grow well (Rizwan et al., 2016;

Samsuri et al., 2020).

The positive influence of biochar can be achieved or
enhanced further by its co-amended in soil with
organic and synthetic fertilizers (Schmidt et al.,
2021). Also, biochar recalcitrance to decomposition
makes it less bio-available for plants as a nutrient
(Gul and Whalen, 2016). However, when mixed with
organic wastes especially compost, or inorganic
fertilizers, biochar absorbs nutrients and acts as a
slow-release fertilizer in soil (Kammann et al., 2015).
Compost-based biochars are made by either their
mixing with composted organic fertilizers or by their
co-composting with organic wastes (Kammann et al.,

2015; El-Naggar et al., 2019).

This nutrient-loaded biochar is frequently reported
for having a positive influence on crop yield and soil
quality (Kammann et al., 2015; El-Naggar et al.,
2019). More than 60% of land area of Pakistan is arid
to semi-arid while salinity and drought are main
limiting factors in agriculture in these dry regions
(Zulfigar and Thapa, 2017). Empirical evidences

suggest that amendment of biochar attenuates the
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negative effect of salinity and drought in plants
(Zhang et al.,, 2020). The 5% amendment of slow-

pyrolyzed
significantly increased yield of Quinoa by 7.6% under

corn-straw biochar in saline soil,
drought condition than the control treatment (Yang et
al,, 2020). In another study, conducted in Sakha
Agricultural Research Station, Egypt in saline sodic
soil at 50% field capacity of soil moisture, in which
following fertilizers were used; 1) slow-pyrolyzed
biochar produced from rice husk and corn stalk (1:1
ratio) and 2) vermicompost produced from maize and
rice straw residues while green wastes and cow
manure were used as feeds for worms. As compared
to control treatment, vermicompost increased yield of
wheat by 18.6%, amendment of biochar increased
yield by 21.6%; whereas, when biochar was mixed
with vermicompost, it increased yield by 29.6%

(Hafez et al., 2021).

In Balochistan, production of manure in dairy,
poultry, sheep and goat farms is higher than its
consumption as organic fertilizer (personal
observation). As a consequence, huge amount of this
bioresource is wasted, which causes air and water
pollution. If this bioresource is utilized for the
production of co-composted biochar, it will not only
help reduce pollution but will also enhance

agricultural production in Balochistan.

In Balochistan biochar is available in timber markets,
which is generally made from the wood of Acacia

nilotica L.

The objectives of this study are to assess the influence
of co-composted wood-derived biochar as function of
its particle size, on biomass production, nitrogen use
efficiency (NUE), phosphorus use efficiency (PUE)
and concentration of soil nutrients under salinity and
drought conditions. Following hypotheses are tested
in this study; 1) small particle sized co-composted
biochar has more positive influence on plant growth
performance than large-particle sized co-composted
biochar under salinity and drought stress conditions,
2) amendment of co-composted biochar increase

concentration of nutrients in soil.
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Materials and methods

Preparation of co-composted biochar

The waste (broken pieces) of wood biochar was
purchased from timber market Quetta city. The
biochar was further crushed with mortar and
subsequently passed through two mesh sizes; > 2 mm
and < 2mm >1 mm. The source of farmyard manure
was cow dung while the poultry manure was obtained
from local poultry farms. These manures were air-
dried and mixed at 1:1 ratio; thereafter, this organic
fertilizer was further mixed with small and large
particle-sized biochars separately at 1:1 ratio.
Thereafter, the

composted for three months in open-lid containers

biochar-manure mixture was
from June 2, 2019 to August 30, 2019 according to

the method of Ravindran et al. (2019).

Experimental design and growth of plants

The experiment was carried out in plastic pots. Soil
was obtained from an agricultural field of vegetable
crops (mainly tomato, green chili and egg plants). The
soil was silt loam with 5% clay and 57.5% silt. Before
use, soil was air dried and passed through 2 mm mesh
sieve to remove pebbles and other debris. The
following four factors were considered into account
for this study; drought, salinity, organic amendments
(as large-sized and small-sized co-composted
biochars) and the application rates of organic
amendments. Two amendment rates of co-composted
biochars were considered; 30 t ha? (5% in soil) and

40 tha? (7% in soil).

For drought and salinity factors, plants of each
biochar treatment were subjected to salinity level of
1.3 dS m™ by mixing dry NaCl at 2 g kg'rate in soil
(Hammer et al., 2015). The treatments were 3 control
treatments in which, mixture of non-composted
manure and small particle-sized biochar at 1:1 ratio
were added in soil at 5% amendment rate. Control 1
was the treatment in which no salinity and water
stress was applied, control 2 had salinity stress;
whereas, control 3 had both salinity and drought
stress. The other treatments were 5% and 7%
amendment of small and large particle-sized co-

composted biochars and plants were subjected to no
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stress, salinity stress, drought stress or both stress
conditions. Each treatment had three replications

with the total of 57 experimental units (pots).

Before sowing of seeds of lettuce, soil was watered to
saturation point with known amount of water in each
pot. This was to provide a soft bed for seeds to
germinate and establish Linn and Doran (1984).
Seeds of lettuce were broad casted in each pot on
November 16, 2019 in temperature and humidity
non-regulated plastic tunnel. After establishment of
seedlings, seedlings were thinned to 10 plants per pot.
Due to humidity (because of low temperatures and
winter rainfalls), water contents did not drop below
~48-50% water filled pore space (WFPS). Therefore,
soil water was maintained to two WFPS levels; 48-
55% WEFPS for drought treatment and 60% WFPS
following protocol of Gul and Whalen (2013). Pots
were weighed on bi-weekly bases and water was
adjusted to the desired WFPS.

Analysis of plant traits

The aboveground plant biomass of each pot was
harvested on February 18, 2020. Biomass was oven-
dried at 40°C for 48 hours and dry biomass was
calculated. The oven-dried plant tissues were ground
to homogenous material followed by their analysis for
total nitrogen and phosphorus as described in
(Schimmelpfennig et al., 2015). The NUE and PUE of
plants as nutrient efficiency ratio of plants were
calculated as formulated by Baligar et al. (2007);
Wutrient efficiency ratio for N or P = % 6))
Removal of roots and chemical analysis of soil
samples

After harvest of plants the pots were teared from two
opposite sides. Soil with roots was taken out carefully.
Soil was slightly shaken to loose root-soil system.
Roots were removed carefully, washed, oven-dried for
48 hours at 40°C and the biomass of roots was
measured. The soil of pots was air-dried, inorganic
nitrogen (N) and soluble inorganic phosphorus (P)
were extracted by dissolving soil in 2M KCI solution

at 1:5 soil:solution (w:v) ratio (Estefan et al., 2013).
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The extracts were subjected to analysis of mineral
nitrogen (N) and Olsen phosphorus (P) according to
Sims et al. (1995) and D'Angelo et al. (2001)
respectively. The dry biomass of roots of all plants in
a pot was assessed; whereas, for measurement of
length of lateral roots, healthiest plant of a pot was

considered.

Statistical analysis

The data were analyzed for normality using
D’Agostino-Pearson K2 test. Due to very large
differences in data sets, which did not removed by
data transformation, non-parametric Mann-Whitney
U-test. Test was performed to measure significant
differences between two treatment means. Based on
Mann-Whitney U-test, data sets with non-
overlapping range values had significant differences;
whereas, data sets with overlapping range values were
not significantly different. The raw data of all studied

parameters are provided in supplementary files.

The mean separation letters are based on range
values and Mann-Whitney U-test results of data sets.
Data analysis was performed using CoSTAT software

and Microsoft Excel.

Results

Plant growth performance

Dry biomass of leaves

Significant differences were found between various
treatments. Biomass was higher under no salt stress
at both WFPS as compared to plants subjected to salt
stress at both WFPS (Figure 1; P < 0.05). As

2022

compared to three control treatments; i.e. small-sized
biochar mixture with manure under conditions of (1)
salt and water stress 2) salt but no water stress and 3)
no salt and no water stress, co-composted biochars of
both particle sizes, under no salt stress increased leaf
biomass at both application rates (Figure 1; P < 0.05).
Under no salt stress, small-sized co-composted
biochar at both amendment rates significantly
increased the leaf biomass of spinach as compared to
large-sized co-composted biochar (Figure 1; P <
0.05). Under no salt- but slight water-stress condition
(i.e. 45-50% WEFPS), small co-composted biochar at
high amendment rate significantly increased the leaf
biomass as compared to the co-composted large-sized
biochar treatment at low application rate (Figure 1; P
< 0.05). Under salt- and water-stress conditions
small-sized  co-composted biochar at high
amendment rate, significantly increased the leaf
biomass as compared to large-sized co-composted
biochar applied at low amendment rate (Figure 1; P <

0.05).

Dry biomass of roots
As was found for dry biomass of leaves, significant
differences were found for dry biomass of roots

(Figure 1).

The positive effect of small-sized co-composted
biochar on root biomass was evident for all factors
tested, i.e. no stress, salt stress, water stress and salt +
water stress conditions, as compared to large-sized
co-composted biochar treatments (Figure 1 and 2; P <

0.05).

Table 1. Nitrogen and phosphorus concentrations in organic fertilizers.

Organic Fertilizer Nitrogen (mg g) Phosphorus (mg g™)
Small particle-sized biochar mixed with manure (for control 10.53 5.14
treatments)
Small particle sized co-composted biochar 5.32 5.71
Large particle-sized co-composted biochar 13.22 5.42

Length of main root system and number of lateral
roots
Small-sized co-composted biochar at 7% application

rate, under water stress condition, had a significant

positive influence on length of main root and number
of lateral roots than the plants that were grown under
water + salt-stress conditions (Figure 1 and 2; P <

0.05).
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Table 2. Mean + SD of nitrogen (g kg), phosphorus (g kg1), nitrogen use efficiency (NUE) and phosphorus use

efficiency (PUE) of lettuce plants under various treatments.

Treatment N (gkg?) P (gkg?) NUE PUE
Control 7.958+7.8572bcd 2.508+1.057¢ 0.041+0.029b¢ 0.11740.1172P
Control-S 19.012+15.5272bcd 17.396+15.031P¢ 0.022+0.037Pcd 0.005+0.00424

Control-S-W 4.035829 0.282486
5%SCB 4.409+2.8072bcd 2.561+0.782¢ 0.188+0.1882b 0.199+0.0552
5%LCB 22.081+18.849% 7.265+7.544bcd 0.022+0.022¢d 0.1723240.2652bcd
7%SCB 4.309+2.825h¢ 2.804+0.435°¢ 0.121+0.079?P 0.148+0.0222
7%LCB 6.854+0.370b¢ 2.977+2.147bcd 0.027+0.01%4 0.101+0.082Pc
5%SCB-S 8.102+8.596abcd 120.987+98.1532 0.030+0.021% 0.001+0.000969¢
5%LCB-S 4.073+3.103bcd 20.412+22.076P 0.047+0.046b¢ 0.006+0.0044
7%SCB-S 2.793+0.6601 1.872+2.272¢d 0.126+0.00342 1.136+1.7072P
7%LCB-S 5.055+0.774¢ 2.809+1.851%d 0.032+0.0089¢ 0.044+0.010¢
5%SCB-W 7.053+5.633bcd 2.653+2.052bcd 0.04240.052bcd 0.062+0.037¢
5%LCB-W 16.835+4.6772 1.101+0.743¢ 0.018+0.0044 0.3674£0.3272
7%SCB-W 6.269+2.841bcd 1.441+1.112%4 0.093+0.053P 1.215+1.7062
7%LCB-W 4.732+1.437¢ 1.558+0.3004 0.059+0.027 0.23740.1462
5%SCB-S-W 19.611+13.300% 1.744+1.517¢4 0.014+0.0019¢ 0.355+0.4382bc
5%LCB-S-W 14.526+9.1693b 3.541+1.355b¢ 0.014+0.016¢d 0.049+0.044P
7%SCB-S-W 8.934+9.0822b 1.026+0.7454 0.102+0.1542bcd 0.42140.5453¢
7%LCB-S-W 14.002+10.1783bed 1.563+0.3824 0.021+0.026¢d 0.086+0.059P¢

Values within column, with different letters are significantly different at P < 0.05. Control has amendment of
biochar manure mixture at 5% amendment rate, S, salinity stress; W; water stress, SCB; small particle-sized co-

composted biochar, LCB; large particle-sized co-composted biochar 5 and 7 represents biochar amendment rates.

Concentration of N, P NUE and PUE of lettuce leaves

Significant  differences were found between
treatments regarding concentration of N in leaves
(Table 2; P < 0.05). Concentration of N in leaves was
significantly higher in two treatments i.e. amendment
of large-sized co-composted biochar at low
application rate under water stress and no water
stress conditions than co-composted biochars (both
small- and large-sized), applied at high amendment
rates under stress and no stress conditions (Table 2; P
< 0.05). The concentration of P in leaves were higher
in the treatments of amendment of co-composted
biochars at low amendment rates under salt stress
condition as compared to most of other treatments
(Table 2; P < 0.05). The NUE of lettuce was
significantly higher under treatments of small-sized
co-composted biochar at 1) high application rate

under salt stress condition and 2) at both application

rates under no-stress condition as compared to the
other treatments (Table 2; P < 0.05). As is observed
for NUE, significant differences were also found for
PUE of lettuce. The PUE was significantly higher
under treatment of co-composted biochar of 1) large
size at low amendment rate under only water-stress
condition, 2) small- and large-sized co-composted
biochars at high application rate under water-stress
condition 3) small-sized co-composted biochars at
both application rates under no stress conditions as

compared to other treatments (Table 2; P < 0.05).

Chemical analysis of soil samples

In general, the concentration of NO3'N in soil was not
significantly different between treatments except that
it was significantly higher under treatments of 1)
large-sized, co-composted biochar amendment at

high application rate under salt + water stress and 2)
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small-sized co-composted biochar amendment at low
application rate under water stress condition as
compared to most of other treatments (Table 3; P <

0.05). The amendment of large particle-sized co-
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composted biochar at high application rate, under no

stress  condition  significantly reduced the

concentration of NOs N than all other treatments

(Table 3; P < 0.05).

Table 3. Mean + SD of soil organic matter (OM), pH, eclectrical conductivity (EC), NOs-N (mg kg*) and Olson P

(mgkg™).
Treatment OM pH EC NOs;~N Olson P
Control 3.51+0.3782b 7.9+04 2.263+0.2964  114.871+103.915% 8.975+0.8264
Control-S 3.26+0.386%>  8.043+0.068Yd  4.337+0.6082  230.769128.265%P  13.041+9.3662bcd
Control-S-W  3.307+0.499%>  8.013+0.1182¢d  5.277+1.7052  172.307+58.704%>  14.416+11.698abcd
5%SCB 3.363+0.622%  7.803+0.1684 1.893+0.119¢ 153.333+46.737P 19.727+6.4522b
5%LCB 2.677+0.4972>  7.997+0.080  2.36+0.639¢de 110+19.325b¢ 12.658+1.448¢
7%SCB 3.4634£0.642%  7.06+0.135%P¢d  2.323+0.692¢¢  100.476+29.184bc 25.220+4.7362
7%LCB 3.44+0.1782 8.013+£0.005° 2.967+0.101¢d¢ 89.524+7.047° 17.670+5.507P¢
5%SCB-S 3.637+0.3672  8.007+0.070"  4.46+0.5882b 97.435+72.313>  27.125+21.2873bcd
5%LCB-S 2.043+1.427P 8.16+0.06% 3.23+0.719b¢ 112.307+88.7922>  11.969+7.827bcd
7%SCB-S 3.547+0.6112>  7.933+0.117°4  3.967+0.7272  183.663+130.258%  22.891+7.4192P
7%LCB-S 3.22+0.375%  8.057+£0.080%¢  4.177+1.2923>  203.333+£70.946% 22.650+17.489abcd
5%SCB-W 3.143+0.402%>  7.795+0.332bc¢d  4.247+1.200%>  389.873+286.35% 16.827+10.7283bc
5%LCB-W 3.12+0.5822b  7.953+0.180P«d  3.387+0.698bc 160.759+38.9P 11.666+3.45%
7%SCB-W 3.21+0.1372P 8.05+0.036P¢  3.087+0.627¢¢  203.946+81.432P 14.075+3.438bc
7%LCB-W 3.367+0.1462 8.047+0.015P 4.263+0.551>  202.051+101.0523 15+1.907b¢
5%SCB-S-W 3.05+0.07%>  8.033+0.109%b¢d  5.357+1.162 132.911+23.203"  10.860+3.449bcd
5%LCB-S-W 3.023+0.512%>  8.167+0.0282 5.133+1.492 168.776+31.11P 14.150+6.908bcd
7%SCB-S-W 3.203+0.6152P 8+0.036bcd 4.52+0.882b 151.1+13.9P 19.677+2.793b
7%LCB-S-W 3.337+0.3163b 8.16+£0.0752 5.43+0.492 316.8+144.22 13.827+2.831bc

Within column values with different uppercase letters are significantly different at P<0.05. Control has

amendment of biochar manure mixture at 5% amendment rate, S, salinity stress; W; water stress, SCB; small

particle-sized co-composted biochar, LCB; large particle-sized co-composted biochar 5 and 7 represents biochar

amendment rates.

The lowest concentration of Olsen P of soil was found
under treatment of mixture of biochar with manure
under no stress condition than most of other
treatments (Table 3; P < 0.05). The concentration of
P was significantly higher in response to the
amendment of small-sized co-composted biochars
amended at low and high application rates as
compared to large-sized co-composted biochar
applied at same rates under no stress condition
(Table 3; P < 0.05). The amendment of small- and
large-sized co-composted biochars at high application

rates under both stress conditions and under only

had

concentration of P as compared to the amendment of

salt-stress  condition significantly  higher
large-sized co-composted biochar at low application

rate under water stress condition (Table 3; P < 0.05).

Discussion

Aboveground plant biomass

The growth of plant leaves were higher in response to
the amendment of small-sized co-composted biochar
at both application rates and co-composted large-
sized biochar at high application rate as compared to
For instance, control

the control treatments.
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treatment under salt stress condition had 412 - 489%
lower leaf biomass than the plants under treatment of
small and large-sized co-composted biochar under no
salt stress condition. Similarly, under no stress
conditions, plants that were grown under treatment
of mixture of biochar with manure (control
treatment), had 85 - 240% lower leaf biomass than

the plants under treatments of co-composted

biochars.
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Fig. 1. Mean+SD of aboveground plant biomass per
pot (mg), root biomass per pot (mg) and total number
of lateral roots. Control has amendment of biochar
manure mixture at 5% amendment rate, S, salinity
stress; W; water stress, SCB; small particle-sized co-
composted biochar, LCB; large particle-sized co-
composted biochar 5 and 7 represents biochar

amendment rates.

These results indicate that biochar as co-composted
fertilizer had a significant profound positive influence

on lettuce growth than when the biochar was applied
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in soil as a mixture with manure. Our results are in
agreement with other published empirical evidences
that co-composted biochar or compost-biochar
mixture has more profound positive influence on crop
growth than when the biochar is mixed with non-
composted organic wastes in soil (Zainul et al., 2017;
Qayyum et al., 2017; Wang et al., 2019; Das et al.,
2021). Zainul et al., (2017) reported 23% significant
higher dry biomass (root + shoot) production of
Phragmite skarka in response to the amendment of
compost-biochar mixture than only biochar. Likewise
Qayyum et al. (2017) reported 27% increase in the
grain yield of wheat in response to the amendment of
co-composted biochar (garden peat biochar co-
composted with farmyard manure at 1:1 w/w ratio)
than when only compost of farmyard manure was

amended at the same rate.

The difference between co-composted biochars under
stress versus no stress condition was also significant.
For instance, lettuce biomass under treatments of
small-sized co-composted biochar at both application
rates and large-sized co-composted biochar at high
application rate, in no salt-stress condition was
higher by 61 — 73% than the plants under treatment
of co-composted biochar in salt stress condition and
by 41 — 78% higher than the plants under treatment
of co-composted biochar in salt + water stress
condition. The porous nature of biochar enable it to
adsorb nutrients, salts and toxins from soil (Gul et al.,
2015; Gul and Whalen, 2016; Haider et al., 2020;
Zhang et al., 2020). The surface area of biochar
further increases when it is crushed in smaller
particles; therefore, adsorption capacity of biochar
also increases (Wang et al., 2010; Ghori et al., 2019;
Manzoor et al., 2019). This factor further improves
capacity of biochar to adsorb more toxins and salts
from soil, thus improves growth performance of crops
by alleviating stress to plants (Rizwan et al., 2016;
Samsuri et al., 2020; Zeeshan et al., 2020). This may
be the reason that amendment of small particle-sized
co-composted biochar in general had more positive
influence on lettuce leaf biomass production under
salinity and drought stress conditions than large

particle-sized co-composted biochar amendment.
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Fig. 2. Pictures of roots (positioned above) and aboveground plant biomass (leaves; positioned below) of lettuce

plants grown under various treatments.

Root biomass

Under salt + water stress condition, root biomass was
significantly higher by 167 — 245% in response to the
amendment of small particle-sized co-composted
biochar at both application rates than the plants that
were grown in soil, which was amended with large
particle-sized co-composted biochar. This finding
indicates that under salinity and drought-stress
conditions, small-sized co-composted biochar had
more positive influence on plant root growth as
compared to large-sized co-composted biochar.
Under no stress condition, small particle-sized co-
composted biochar increased root biomass by 786%
than the large particle-sized co-composted biochar at
same application rate. In saline soil, positive
influence of biochar on root biomass has been
reported (Egamberdieva et al., 2021). Slow pyrolyzed
maize straw biochar amendment at 4% w/w in saline
soil in pot significantly increased root biomass by

~26% as compared to the control treatment (saline

soil without biochar amendment) (Egamberdieva et

al., 2021).

NUE and PUE of lettuce leaves

As was observed for aboveground plant biomass and
root biomass, obvious differences are found between
small particle-sized versus large particle-sized co-
composted biochar treatments. Under stress or non-
stress conditions, NUE of lettuce was higher under
treatments of small particle-sized co-composted
biochars than large particle-sized co-composted
biochars (Table 2). It indicates that small-particle-
sized co-composted biochar alleviated the stress of
water and salt for plants and therefore, improved
their nitrogen use efficiency. The significant positive
influence of co-composted biochar on NUE of crops is
frequently reported (Agegnehu et al., 2016; Luo et al.,
2017; Kaudal and Weatherley, 2018). Luo et al. (2017)
reported a significant positive influence of co-

composted biochar on growth and NUE of two
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halophytes i.e. Kosteletzkya virginica (seashore
mallow) and Sesbania canabina (sesbania), which is
also a medicinal plant (Mishra et al., 2021). However,
influence of co-composted biochar as function of its
particle size during its composting has not been
reported. Nutrient-loaded biochar is the mixture of
biochar or its co-composting with organic fertilizers
e.g. compost, urine, manure etc. (Haider et al., 2020;
Joseph et al, 2021; Schmidt et al.,, 2021). This
nutrient-rich organic amendment acts as slow-release
fertilizer —besides improving soil properties
(Hagemann et al., 2017); therefore, it also improves

crop growth performance (Antonangelo et al., 2021).

More profound results are found for the PUE of
plants, where under all conditions (e.g. water stress,
salt stress, water and salt stress and no stress
conditions), PUE of lettuce leaves was significantly
higher in response to the amendment of small
particle-sized co-composted biochar as compared to
large particle-sized co-composted biochar. Our results
are consistent with the findings of Manzoor et al,
2019) who observed more profound positive response
of pea plants for PUE than NUE to the amendment of
biochar + cow manure mixture than control. Our
results indicate that under drought and salinity stress,
small-particle-sized co-composted biochar tend to
improve the plant growth performance specifically

when it is applied at high application rate.

Soil properties

The highest concentration of nitrate in soil was found
under the treatment of co-composted biochar of large
and small particle-sized at high and low application
rates respectively, at both stress conditions as
compared to the treatments which caused increased
leaf biomass production than these treatments i.e.
small particle-sized co-composted biochar
amendment at both application rates under no stress
condition and small particle-sized co-composted
biochar amendment at high application rate under
water stress condition. In general, concentration of
nitrate was higher in soil, which yielded lower leaf
biomass production as compared to the soil that

yielded higher leaf biomass production. We attribute

2022

this effect to the high absorption of nitrate by plants
which had high leaf biomass. Biochar is well-known
for reducing mineral N loss through leaching and
gaseous emissions as nitrous oxide and ammonia
volatilization from soils including saline soils
(literature review by Gul and Whalen, 2016; Deng et
al., 2021;Ding et al., 2022). The low uptake of N by
plants, possible nitrogen mineralization by microbes
and possible low N losses might had resulted in high

N concentration in these treatments.

Contrary to the results of nitrate, concentration of
Olsen P had a positive relation with leaf biomass
production. As compared to control treatment co-
composted biochar treatments significantly increased
the concentration of Olsen P of soil by 35 — 64%.
Interestingly, under no stress condition, small
particle-sized co-composted biochar significantly
increased concentration of Olsen P at both
application rates as compared to large particle-sized
co-composted biochar at both amendment rates. The
positive influence of biochar or biochar-compost
amendment in soil on biochemical cycling of P is
frequently reported (Gul and Whalen, 2016; Glaser
and Lehr, 2019; Hannet et al., 2021). Biochar-based
organic fertilizers improve root growth and associated
high secretions of organic acids in rhizosphere, which
help mobilize phosphorus from its precipitated to
bioavailable form (Gul and Whalen, 2016). The labile
organic carbon from rice rhizosphere and
decomposing litter in ultisol and oxisol paddy soils
reduced Fe III to Fe II, which in return caused
mobilization of phosphorus (Khan et al, 2019).
Further research is required to investigate the role of
co-composted biochar on P cycling and its bio-
availability via improving microbial processes (P
mineralization and solubilisation) and physico-

chemical processes of soil.

Conclusion

The lettuce plants responded differently to the
amendment of co-composted biochar versus when
biochar was mixed with cow manure in soil. The
application of biochar as co-composted fertilizer,

under no stress condition, had significantly positive
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influence on the growth performance of lettuce as
compared to, when biochar was applied to soil as a
non-composted fertilizer, which was made by mixing
biochar with manure at 1:1 w:w ratio. A profound
difference was also observed between large particle-
sized versus small particle-sized co-composted
biochar on growth performance of lettuce. Lettuce
plants showed positive response to the amendment of
small particle-sized co-composted biochar at high
application rate under both salinity and drought
stress than large particle-sized co-composted biochar.
Small-sized co-composted biochar amendment also
increased PUE of plants under stress or no stress
conditions than large particle-sized co-composted
biochar. Moreover, small particle-sized co-composted
biochar also increased the concentration of Olsen P in
soil than large particle-sized co-composted biochar

amendment in soil.
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