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Abstract
Crops are constantly faced with the challenges of different abiotic stresses on the field. Development of sustainable approach 
for stress amelioration on crop is pertinent. This study investigated the ameliorative roles of biochar and compost on maize 
crop simultaneously subjected to drought and heavy metal (Pb) stresses. Metal stress was imposed by growing maize on 
Pb-contaminated soil while drought stress was imposed by reducing the soil field capacity to 25 and 50%. Four levels (0, 5, 
10 and 15 t/ha) of biochar and compost replicated three times as well as their combinations were used. Pb uptake, transloca-
tion factors, photosynthetic pigments, osmolytes (proline and cysteine), biomass accumulation in stressed maize crop, and 
post-cropping soil Pb concentration were determined. Combination of stresses reduced biomass accumulation in maize. 
Biochar in combination with compost, however, enhanced biomass production in stressed maize crop by 50–75% compared 
to unamended soil (control). Proline accumulation was more under the single stress of heavy metal (100% FC) compared to 
combined stresses. Unlike proline, combined stresses of Pb and 50% FC enhanced chlorophyll and cysteine accumulation 
more than single stress. Their concentrations were further increased with amendments compared to control. Pb accumulation 
in maize crop was more under combined stresses than single stress (100% FC). Compared to other soil amendments, applica-
tion of biochar alone at 10 t/ha, generally reduced Pb uptake by maize and post-cropping soil Pb concentration. Biochar and 
compost reduced Pb uptake, and enhanced biomass and osmolyte production in stressed maize crop.

Keywords  Heavy metals · Oxidative stress · Osmolytes · Contamination · Organic amendments · Abiotic factors

Introduction

Maize is one of the most important staple food crops in 
Africa and ranks third after rice and wheat (Raji 2003). It 
serves as raw material for industries (Ayoola and Makinde 
2007) and source of income to the farmers. Maize yield is, 
however, affected by a range of biotic and abiotic stress fac-
tors. Abiotic stress factors, such as high salinity, low soil 

fertility, soil contamination with heavy metals and drought 
pose serious threats to crop production and food security. 
Among these, drought and soil contamination are the major 
abiotic factors that affect agricultural productivity (Jaleel 
et al. 2009). International Maize and Wheat Improvement 
Centre (CIMMYT) also attributed the poor yield of maize 
in the field to poor soil fertility and drought (Edmeades and 
Deutsch 1994).

Though agricultural crops are generally faced with dif-
ferent environmental challenges during their lifecycle land 
contamination with heavy metals and drought has more del-
eterious effects on the crop growth and development (Aslam 
et al. 2006; Jaleel et al. 2009). Apart from reduction in crop 
yield which is common to both, heavy metals also have 
direct effects on consumer health through food chain as a 
result of accumulation in the food crop (Boussen et al. 2013). 
Lead (Pb) is most importantly considered as one of the most 
toxic elements to plants and animals (Ginneken et al. 2007; 
Padmavathiamma and Li 2010; Huang et al. 2012) due to 
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its persistence and phytotoxicity effects. They cause exces-
sive accumulation of reactive oxygen species (ROS) such 
as hydroxyl radicals, hydroperoxyl radicals, ozone, singlet 
oxygen, hydrogen peroxide (H2O2), and superoxide (O2−) 
due to disruption in cellular metabolism (Miller et al. 2010; 
Hossain et al. 2012). The production of excessive ROS from 
molecular oxygen has been identified with different biotic 
and abiotic stresses. This leads to the degradation of cell 
macromolecules which is referred to as oxidative stress and 
eventual plant death (Steffens et al. 2013).

To achieve optimal yield in the face of emerging environ-
mental challenges and feed the ever-increasing population, 
especially in the developing countries, sustainable measures 
must be developed to increase crop tolerance to toxic met-
als and avoid drought stress. Most of the strategies being 
proposed for the remediation of contaminated sites and 
improving crop tolerance to abiotic stresses are, however, 
expensive, labor intensive and require special skills. These 
include chemical and physical methods of soil remediation 
such as adsorption and desorption (Srivastava et al. 2005, 
2007; Rashti et al. 2014) as well as plant breeding, bioengi-
neering, and irrigation system against drought stress. Mean-
while, in the developing countries majority of the farmers 
are peasants and resource poor.

Plants naturally have in-built mechanisms which allow 
them to tolerate environmental stresses (Bah et al. 2011) 
and scavenge the reactive oxygen species. These include 
production of different osmolytes such as proline, glycine 
betaine, glutathione, carotenoids, and cysteine. These serve 
as antioxidants for stabilizing macromolecules (Ashraf and 
Foolad, 2007; Islam et al. 2009). Production of elevated lev-
els of proline by higher plants as a non-enzymatic response 
to different biotic and abiotic stress factors and as a result 
of impaired protein synthesis or accelerated protein degra-
dation has been widely reported (Tripathi and Gaur 2004; 
Szabados and Savouré 2010; Mourato et al. 2012). The abil-
ity of plant to accumulate high proline is positively corre-
lated to abiotic stress resistance (Mishra and Dubey 2006; 
Fidalgo et al. 2013). Similarly, an increase in free cysteine 
levels in response to various abiotic stress factors has been 
reported (Harms et al. 2000; Ruiz et al. 2002). Cysteine is 
the final product of the process by which sulphur is taken up 
by plants. It is a central metabolite that serves as a sulphur 
donor for the synthesis of methionine, glutathione (GSH), 
and thiol-containing proteins (Hell and Wirtz 2011). In most 
studies, the increase in cysteine was reported together with 
increase in GSH concentrations. This is because cysteine 
is needed for the biosynthesis of sulphur-rich compounds 
such as GSH and stress-related proteins (Bashir et al. 2012; 
Pravina et  al. 2013). In the face of severe stress, how-
ever, strategies must be developed for the enhancement of 
osmolyte production in stressed crop and improved tolerance 
to stress.

The use of organic amendments is being suggested as an 
adaptive, affordable, and sustainable approach to increase 
agricultural production and ensure food security. It is an 
environmentally friendly and cost-effective approach for 
adapting crop to various climatic conditions and improving 
their tolerance. For instance, addition of organic amend-
ments, such as compost is a common practice for immobi-
lisation of heavy metals in contaminated soils (Kham et al. 
2000; Clemente et al. 2005; Adejumo et al. 2010; Rennevan 
et al. 2010; Saifullah et al. 2010; Joshi et al. 2011). Similarly, 
organic amendments have been used to enhance crop growth 
under drought stress. Recently, the use of biochar is also 
gaining attention as a sustainable approach for improving 
soil fertility and ameliorating stress. Biochar is a carbona-
ceous product obtained through the thermal decomposition 
of biomass in the absence of oxygen or little oxygen and at 
high temperature. It has good physical properties like high 
porosity and large surface area (Van Zwieten et al. 2010), 
which enhance nutrient and water uptake by plant (Glaser 
et al. 2002; Lehmann and Rondon 2006; Warnock et al. 
2007). Aged biochar has also been found to increase nitro-
gen retention and reduce ammonia volatilization (Esfandbod 
et al. 2017). Increasing crop yield with biochar application 
has been reported by several authors (Lehmann and Rondon 
2006; Warnock et al. 2007; Islami et al. 2011; Adejumo et al. 
2016).

Furthermore, majority of the research only focus on a 
single stress factor, whereas crops are faced with different 
stresses simultaneously on the field. There is need, therefore, 
for a research focusing on multiple stress factors. Multiple 
stresses have been reported to provoke complex biochemi-
cal pathways resulting in positive or negative impact of one 
stress over the other and consequently, the plant involved 
(Farooq et al. 2009). This research work was, therefore, 
carried out to investigate the response of maize crop to 
combined stresses of drought and Pb contamination and 
determine the ameliorative roles of biochar and compost in 
stressed maize crop in terms of yield, photosynthetic pig-
ments, and osmolyte production.

Materials and methods

Soil sampling and pre‑planting operations

The contaminated soil used for the experiment was collected 
from the dumpsite of a defunct lead-acid battery manufac-
turing company in Nigeria. The site has been reported to 
contain high concentration of Pb (Ogundiran and Osibanjo 
2009; Ogundiran et  al. 2012). It is located in Lalupon, 
Lagelu Local Government Area, Ibadan Metropolis, Oyo 
State in Southwestern, Nigeria. Soil sampling was car-
ried out by collecting the top soil (0–15 cm depth) at five 
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equidistant points mapped out on the field. Enough soil for 
the pot experiment was collected and taken to the Univer-
sity of Ibadan where the study was conducted. The soil was 
mixed thoroughly for homogeneity, air-dried, crushed, and 
passed through the 2-mm sieve. Before distributing the soil 
into different pots, composite sample was taken for pre-
cropping soil physico-chemical analysis using standard 
methods (IITA 1979). Soil pH was measured using a pH 
meter-Electrometric Method in 1:1 w/v of soil to water. Soil 
organic carbon was determined by Walkey–Black method, 
phosphorus (mg/kg) by vanado-molybdate yellow method 
while total nitrogen was determined using Kjeldahl method 
(Brehmmer 1965). Heavy metal determination was carried 
out following the procedure described by Ogundiran and 
Osibanjo (2009) by digesting 1 g of soil sample with 10 ml 
of 2 M nitric acid in a water bath (90–100 °C) for 2 h, cooled 
and later filtered into 100 ml standard flask and made up to 
the mark with distilled water. Total concentrations (mg kg−1) 
of extractable micronutrients/heavy metals were then esti-
mated from the digest using atomic absorption spectropho-
tometer (Buck Scientific Model, 210 VGP, Chicago, Illinois, 
USA). From the analysis, the soil used for the experiment 
was slightly acidic (pH 6.3), low in organic matter (0.88%), 
total nitrogen (0.09%), and available phosphorus (7.56 mg/
kg) but contained high concentrations of Pb (53,750 mg/kg), 
cadmium (60 mg/kg), and chromium (30 mg/kg).

Sources and types of organic amendments

Compost was prepared from Mexican sunflower and poul-
try manure in ratio 3:1 of plant and animal materials on 
dry weight basis (Adejumo et al. 2011) while biochar was 
produced using rice husk as feedstock. The rice husk was 
pyrolysed at 400 °C using the fabricated pyrolyser at the 
Department of Mechanical Engineering, University of 
Ibadan, Ibadan, Nigeria, following the procedure described 
by Adejumo et al. (2016) under slow pyrolysis. The chemi-
cal properties of the biochar were carbon 36%, nitrogen 
1.32%, Fe 366.5 mg/kg, Zn 5.2.mg/kg, Cu 1.85 mg/kg, Mn 
175.5 mg/kg, P 0.80 cmol/kg, Mg 0.02 cmol/kg, and Ca 0.09 
cmol/kg (Adejumo et al. 2016).

Plant materials and planting procedure

Maize variety (DTMA W) that was used for the study was 
collected from International Institute of Tropical Agriculture 
(IITA), Ibadan, Nigeria. The seeds were first cleansed with 
0.1% NaoCl solution before planting. Each experimental pot 
of 5 kg capacity, diameter of 20 cm and depth 22 cm was 
filled with 2 kg of contaminated soil. Before planting, the 
soil was first mixed with different amendments (Mexican 
sunflower compost and rice husk biochar) at different rates 
depending on the treatment allocations and equilibrated for 

10 days for proper mineralisation. The treatments consisted 
of five application rates (0 t/ha (Control), 5 t/ha, 10 t/ha and 
15 t/ha). These were denoted as 0 t/ha: B0 and C0, 5 t/ha: 
B1 and C1, 10 t/ha: B2 and C2 and 15 t/ha: B3 and C3 for 
biochar and compost, respectively, to give ten treatments 
together with the combination of biochar applied at 10 t/
ha (B2) with different compost rates (B2C1, B2C2, B2C3 
and B0C0: Control). B0 C0 = No biochar, no compost, that 
is, control. B1 = Biochar at 5 t/ha, B2 = Biochar at 10 t/ha, 
B3 = Biochar at 15 t/ha, C1 = Compost at 5 t/ha, C2 = Com-
post at 10 t/ha, and C3 = Compost at 15 t/ha. The 5 t/ha was 
equivalent to 5 g of compost/2 kg of soil, 10 t/ha was 10 g/ 
2 kg of soil while 15 t/ha was 15 g/2 kg soil. The same thing 
goes for biochar.

Each treatment was replicated three times. Three to 
four maize seeds were then planted in each pot and emerg-
ing seedlings were later thinned down to two per pot. The 
drought stress commenced at two weeks after planting to 
cover the vegetative stage and the treatments were imposed 
by varying the watering regimes to give 25, 50, and 100% 
(Control) field capacity of the experimental soil. To achieve 
this, the field capacity of the soil was first determined and 
then tensiometer was used to measure the soil moisture 
content and maintain it at 25% and 50% field capacities by 
allowing the water level to go down to predetermined levels 
while 100% FC was receiving water continuously. Water 
was also been added to bring the water level to either 25 or 
50% FC by following the tensiometer readings. The pots 
were arranged in completely randomized design (CRD). The 
experiment was terminated at eight weeks after planting. 
Data were collected on plant biomass, Pb accumulation in 
plant parts (shoot and root), translocation factors, photo-
synthetic pigments (chlorophyll, carotenoid and porphyrin), 
proline, and cysteine production as well as post-cropping 
soil Pb concentration.

Chlorophyll, carotenoid and porphyrin estimations

Photosynthetic pigments were determined following 
the method described by Sarropoulou et al. (2012) using 
UV–Vis spectrophotometer (Spectrum Lab 7525, Ningbo, 
China). The absorbance was measured at 665 and 649 nm 
for chlorophylls a and b, respectively, while total chloro-
phyll was determined according to Wintermans and Mots’ 
(1965) equation: (Chl (a + b) = (6.10 × A665 + 20.04 × A649) 
× 15/1000/FW (mg/g FW). The absorption peak of carot-
enoids was measured at 440 nm. Carotenoids were estimated 
from the equation: Carotenoid = (4.69 × A440 − 1.96 × A665 
− 4.74 × A649) × volume of supernatant (15 ml) × dilution fac-
tor/sample weight (0.1 g). Total porphyrins were determined 
by summing up the values of protoporphyrin, Mg–proto-
porphyrin and protochlorophyllide which are measured at 

Author's personal copy

Watermark Sample



276	 Journal of Crop Science and Biotechnology (2020) 23:273–288

1 3

absorbances, 575, 590, and 628 nm, respectively, using the 
equation given by Sarropoulou et al. (2012).

Estimation of proline and cysteine content

Free proline content was determined according to the proce-
dure of Bates et al. (1973) and 5 g of sample materials was 
homogenised in 5 ml of 3% aqueous sulfosalicylic acid. The 
homogenate was filtered through Whatman No. 1 filter paper 
and then 2 ml of the filtrate was mixed with 2 ml of gla-
cial acetic acid and 2 ml of freshly prepared acid ninhydrin 
(1.25 g ninhydrin warmed/dissolved in 30 ml glacial acetic 
acid and 20 ml 6 M phosphoric acid). The samples were then 
heated in boiling water bath for 1 h and the reactions were 
terminated by placing the tubes in ice bath. Four (4) ml of 
toluene was added to the reaction mixture and stirred well 
for 30 s. The toluene layer was separated and warmed to 
room temperature. Absorbance of chromophore was read at 
520 nm against toluene as blank in an Elico SL-159 spectro-
photometer. The amount of proline in the samples was cal-
culated in µg proline g−1 fresh weight. The cysteine content 
was determined according to Gaitonde (1967) method. 5 g 
of sample materials was homogenised in 10 ml of 5% PCA 
(perchloric acid), and centrifuged at 2800 rpm for 1 h at 
5 °C. 2 ml of supernatant was mixed with 2 ml of ninhydrin 
and kept at room temperature. Absorbance of chromophore 
was read at 580 nm against blank of PCA.

Biomass determination and heavy metal analysis 
in plant and post‑cropping soil

At harvesting, the plants were cut from the soil surface while 
the roots were carefully uprooted and rinsed severally with 
tap water to remove attached soil. The plants were parti-
tioned into shoot and root before oven-drying at 80 °C to a 
constant weight. They were later weighed for the dry matter 
yield. Plant samples were taken from each treatment and 
analysed for heavy metal (Pb). This was done using spec-
trophotometric method after dry ashing. One gram (1 g) of 
plant sample was ashed in the furnace at 500 °C for 12 h and 
the ash re-dissolved in 10 ml of 2 M nitric acid (HNO3), fil-
tered into the 50-ml standard flask and made up to the mark 
(Ogundiran 2007). The filtrate was now analysed for metal 
using atomic absorption spectrophotometer. After uprooting 
the maize plants, soil samples were also taken from below 
the root zone of each treatment and analyzed for post-crop-
ping soil Pb concentrations using Ogundiran and Osibanjo 
(2009) method as described above.

The translocation factor (TF) for metals within a plant 
was determined to evaluate the extent of metal translocation 
from roots to shoots. It was calculated as the ratio of metal 
in the shoot/metal in the root.

Data analysis

Data were analyzed using ANOVA of the IBM Procedure of 
SPSS package (2014). Means were separated using Duncan 
multiple range test (DMRT) at P < 0.05.

Results

Biomass accumulation and partitioning in maize 
crop under heavy metal and drought stresses

Combination of drought and heavy metal stresses generally 
reduced maize growth and biomass accumulation compared 
to heavy metal stress alone (100% FC). Water stress at 25 
and 50% FC on Pb-contaminated soil irrespective of the 
treatments reduced biomass accumulation in maize more 
than 100% FC. Drought stress at 25% FC and heavy metal 
contamination significantly reduced maize growth and 
resulted in the death of some maize plants (Fig. 14). Bio-
mass accumulation in the shoot, however, responded posi-
tively to biochar and compost amendment to Pb-contami-
nated soil compared to unamended soil except in C1 and C2. 
Under 25% field capacity, 15 t/ha of compost (C3) enhanced 
dry matter accumulation of maize compared to other treat-
ments. At 50% FC, soil amended with compost and biochar 
enhanced dry matter in stressed maize more than unamended 
control with other treatments combination of biochar (10 t/
ha) and compost (10 t/ha) (B2C2) being superior (P < 0.05) 
while maize plant grown on lead-contaminated soil without 
amendment recorded the lowest (Fig. 15). The trend was the 
same under single stress of heavy metal (100% FC) with the 
highest biomass accumulation obtained in the shoot and root 
of maize crop grown on soil amended with 10 t/ha of biochar 
in combination with 10 t/ha of compost (B2C2) (Fig. 16). In 
all, the dry matter partitioning was in favour of shoot than 
root (Fig. 1).

Proline and cysteine production in maize crop 
under heavy metal and drought stresses

Proline production in response to stress and organic 
amendments varied considerably. Single stress with heavy 
metal (100% FC) and without amendments (BOCO) was 
found to enhance proline production more than combined 
stresses under 25% and 50% field capacity and amended 
soils (Fig. 2). The effect of biochar and compost on pro-
line production also varied depending on the treatment 
rates and combinations. Compared to other amended soils, 
application of 10 t/ha of biochar in combination with 5 t/
ha of compost (B2C1) enhanced proline synthesis in maize 
under combined stresses (25 and 50% FC) compared to 
single stress (100% FC) and this was more than what 
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was recorded under 25% and 50% field capacity without 
amendment. Compost applied alone performed better than 
biochar in terms of proline accumulation in maize crop 
under 50 and 100% FC. The concentration increased under 
100% FC as compost rate increased while it decreased 
under 50 and 25% FC. It was, however, observed that 
combination of biochar and compost (B2C2 and B2C3) 
reduced proline concentration under 25 and 50% FC 
compared with other amendments and control (Fig. 3). 
Unlike what was observed for proline, the cysteine pro-
duction in the amended soil varied based on the type of 
organic treatment and rate of application. Under 100% FC, 
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application of compost alone and combination of compost 
with biochar at different rates increased cysteine accumu-
lation more than biochar alone. The proline concentra-
tion was increasing as the compost rate was increasing 
while it was decreasing as the biochar rate was decreasing 
with the lowest amount recorded in B1. Generally, with 
the combination of compost and biochar, the proline con-
centration under different watering regimes was decreas-
ing as the compost rate was increasing. However, unlike 
proline, combined stresses of heavy metal contamination 
and 50% FC gave the highest cysteine accumulation in 
maize in unamended soil (Fig. 3). This was followed by 
that of the maize treated with C1 under 50% FC and as 
biochar application increased, cysteine concentration was 
also increasing consistently unlike compost though with 
higher amounts of cysteine in C1 and C3 compared to 
biochar treatments. Under this stress combination, B2C3 
gave the lowest amount of cysteine followed by C2. Com-
bined stresses of heavy metal and 25% FC in soil treated 
with 10 t/ha of compost significantly influenced produc-
tion of cysteine more than other treatments and control. 
This was followed by cysteine concentration in the leaf of 
maize grown on soil amended with B2C1 and C1. Under 
this stress combination, B2C2 gave the lowest amount of 
cysteine followed by B3. The cysteine concentration in 
maize leaf grown on soil amended with B2C2 recorded the 
lowest concentration of cysteine compared to other treat-
ments. However, the trend of cysteine production under 
50% FC showed that control had the highest cysteine con-
centration of 0.14 µmole/g FW. followed by those of 10 t/
ha and 15 t/ha compost treatments while 10 t/ha of biochar 
in combination with 15 t/ha of compost (B2C3) recorded 
the lowest concentration. The higher the rate of compost 

combined with biochar, the lower the concentration of 
cysteine (Fig. 4).

Photosynthetic pigment production in maize crop 
under heavy metal and drought stresses

Different watering regimes and stress had different effects on 
photosynthetic pigment formation. Porphyrin was more than 
carotenoid and the highest was recorded in the contaminated 
soil exposed to 50% FC. Carotenoid production was also 
enhanced in combined stresses than single stress of heavy 
metal contamination alone and 100% FC. It was also more 
in drought stress of 50% FC compared to 100 and 25% FC 
(Fig. 5). In the case of chlorophyll content, it was discovered 
that combined stresses of heavy metal and drought (50% FC) 
increased the production of chlorophyll in all the treatments 
including control compared to 25 and 100% FC in all the 
treatments except in B2C1 where it was more under 25% 
FC. Compared to control, the chlorophyll production was 
enhanced with the application of B2C3 and B3 under 100% 
FC, B2C2 and C2 under 50% FC, and B2C1 and B2C2 under 
25% FC. Chlorophyll production in maize was also enhanced 
under 25% FC in sole application of 5 t/ha of biochar (B1) 
and 15 t/ha of compost (C3) compared to control (no amend-
ment). Sole application of biochar and compost at the rate of 
10 t/ha was, however, found to reduce chlorophyll content 
in maize leaf. Soil amendment with 10 t/ha of biochar in 
combination with 10 t/ha of compost (B2C2) under 50% 
FC gave the highest chlorophyll concentration followed by 
higher compost application rate (C3). The concentration of 
chlorophyll under 25% FC also responded positively to soil 
amendments with 10 t/ha biochar in combination with 5 t/
ha and 10 t/ha of compost. Under 100% FC sole applica-
tion of 15 t/ha of biochar influenced higher production of 
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chlorophyll than other treatments while maize grown on 
soil amended with 10 t/ha of compost recorded the lowest 
chlorophyll content in their leaves. It was observed that the 
higher the rate of compost combined with biochar, the higher 
the amount of chlorophyll produced in maize leaf under 
100% FC (Fig. 6). The carotenoid production under 25% 
FC was positively influenced by the application of B2C2, 
C3, and B3. Higher rates of compost and biochar performed 
better than lower rates with compost being superior to bio-
char when applied singly using 10 and 15 t/ha of compost 
and biochar. Combination of biochar with compost (B2C2) 
was, however, found to enhance better production of carot-
enoid in maize under 25 and 50% FC compared to their sole 
applications. Conversely, sole application of 10 t/ha of bio-
char and compost reduced carotenoid contents compared to 
control (Fig. 7). Porphyrin production in maize plant grown 
on lead-contaminated soil without amendment (Control) was 
increased with the drought stress of 50% FC as observed for 
carotenoid. Similarly, in almost all the treatments, combined 
stresses (Heavy metal and drought) enhanced porphyrin pro-
duction more than single stress of soil contamination alone. 
Amendment with biochar and compost, however, enhanced 

porphyrin production in all the amended soils compared to 
control most especially with the combination of compost and 
biochar. With 25% irrigation level and soil amendment with 
10 t/ha of biochar in combination with 10 t/ha of compost 
(B2C2) and 15 t/ha of compost alone increased porphyrin 
concentration in maize leaf. Compost applied singly at 10 t/
ha and 15 t/ha was also better in porphyrin production than 
biochar applied at the same rate (Fig. 8).

Lead accumulation in maize plant parts 
and post‑cropping soil

Across the water regimes, 50% FC increased Pb accumula-
tion in the shoot and root compared to 25 and 100% FC. 
The lowest was recorded under 100% FC. In the soil, 50% 
FC also had the highest mean concentration followed by 
100% FC while 25% FC had the lowest (Fig. 9). Without 
amendment (B0C0), Pb accumulation in the shoot of maize 
was more under combined stresses than single stress. On 
the effect of biochar and compost amendments, Pb con-
centration in the shoot was significantly reduced by some 
amendments and increased in others. Under 25% FC, sole 

Fig. 5   Effect of different water 
regimes on photosynthetic pig-
ment production in maize crop 
grown on Pb-contaminated soil
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Fig. 7   Effect of biochar and 
compost on carotenoids in 
maize grown under lead 
contamination and drought 
stress. Data were analyzed using 
ANOVA and means separated 
using Duncan multiple range 
test (DMRT) at P < 0.05. Treat-
ments denoted by the same 
letter on same chart are not 
significantly different accord-
ing to DMRT at P ≤ 0.05. B0 
C0 no biochar, no compost, that 
is, control, B1 biochar at 5 t/ha, 
B2 biochar at 10 t/ha, B3 biochar 
at 15 t/ha, C1 compost at 5 t/ha, 
C2 compost at 10 t/ha, C3 com-
post at 15 t/ha
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application of 10 t/ha of biochar gave the lowest Pb concen-
tration of 60 mg/kg in the maize shoot compared to con-
trol (770 mg/kg). Combination of 10 t/ha of biochar with 
10 t/ha of compost and 15 t/ha of compost alone reduced 
Pb uptake in maize shoot having 177 mg/kg and 228 mg/
kg, respectively, compared to control. With 50% FC, sole 
amendment with biochar at different rates and 5 t/ha of com-
post reduced lead uptake in maize shoot. Combination of 
biochar at the rate of 10 t/ha with 5 t/ha (648 mg/kg) and 
10 t/ha (584 mg/kg) of compost also reduced Pb uptake in 
maize shoot compared to control (807 mg/kg). Meanwhile, 
combination of 10 t/ha of biochar with 15 t/ha of compost 
(B2C3) abnormally increased Pb accumulation in maize 
shoot (5460 mg/kg) compared to other treatments (Fig. 10). 
The Pb concentration in the root also varied based on the 
amendments and stress levels. Without organic amendment, 
combined stresses reduced the concentration of Pb in the 
root compared to single stress. With organic amendment 
and 25% FC, there was increase in the root Pb more than 
control (without amendment) with 957 mg/kg Pb while the 
highest concentration (11,475 mg/kg) was found in the root 
of maize grown on soil amended with 5 t/ha of biochar. As 
was observed under 25% FC, the least was found in the con-
trol root under 50% FC having 1493.6 mg/kg Pb while the 
highest concentration (11,170 mg/kg Pb) was found in the 
root of maize grown on soil amended with 10 t/ha of bio-
char in combination with 5 t/ha of compost (B2C1). Unlike 
25% and 50% FC, 100% irrigation reduced concentration of 
Pb in maize root on soil amended with 10 t/ha of biochar 
in combination with 15 t/ha of compost (635 mg/kg Pb) 
(Fig. 11). The effect of amendments on post-cropping soil 

Pb concentration showed that, under 25% irrigation level, Pb 
was reduced in the soil amended with 10 t/ha of biochar in 
combination with 15 t/ha of compost giving a mean value of 
5278 mg/kg. Other amendments that reduced lead concen-
tration in the soil include 10 t/ha of biochar alone, 10 t/ha of 
biochar in combination with 5 t/ha and 10 t/ha of compost 
with 9173 mg/kg, 9474.5 mg/kg and 11,375.5 mg/kg Pb, 
respectively, compared to control (17,576 mg/kg Pb). On the 
other hand, reduction in the post-cropping soil Pb under 50% 
FC was observed in soil amended with 10 t/ha of biochar 
in combination with 5 t/ha having 9907 mg/kg. Reduction 
was also observed in soil amended with biochar at the rate 
of 15 t/ha and 10 t/ha. Decrease in lead concentration under 
100% FC was influenced by the sole application of compost 
at the rate of 5 t/ha and 10t/ha which had 8026 mg/kg and 
8104 mg/kg, respectively, and were not significantly differ-
ent from each other (Fig. 12).

Translocation factors of Pb in maize crop

Variations were observed with regard to the type of organic 
amendment and different watering regimes. Without amend-
ment, the Pb translocation factor (TF) was the highest in 
maize crop grown on Pb-contaminated soil and under 25% 
FC followed by that of 50% FC while the lowest value was 
recorded for 100% FC. Generally, the TF was high in the con-
trol plant (treatment without organic amendment) under 25% 
FC compared to those grown on organic amended soils and 
under 50 and 100% FC. Under the severe water stress (25% 
FC), addition of organic amendments reduced the TF in the 
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maize crop grown on soil amended with B2C2, C3, and B3 
treatments. With 50% FC, TF was the highest in the maize 
grown on soil amended with B2C3 followed by that of C2 
while biochar treatments at different rates and in combination 
with the lowest rate of compost performed better than other 
treatments in reducing the Pb translocation factors. Addition 
of organic amendments (most especially B2C3) to Pb-contam-
inated soil increased the Pb TF in maize plant under Pb stress 
alone (100% FC) more than the control (without amendment) 
except in B2C1 and B2 treatments with B2 having the lowest 
TF value under 100% FC (Fig. 13).

Discussion

Lead contamination of agricultural soils and drought have 
been known to have detrimental effects on crop yield and 
biomass characteristics due to changes in metabolism and 
physiology of plants (Azad et al. 2011). The effect of sin-
gle stress is, however, less than that of multiple stresses 
as was also observed in this study. It was observed in this 
study that there was an increase in the growth of maize 
crop in response to different organic amendments. Biochar 
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applied in combination with compost performed better 
than sole application. This confirmed the previous reports 
that combination of biochar and compost enhanced crop 
growth better than when applied singly (Glaser et al. 2007; 
Glaser and Birk 2012). It has also been reported that addi-
tion of organic amendments, such as compost, biochar, 
fertilizers, and wastes, helps in soil improvement which in 
turn might have had a positive effect on the plant growth 
and development (Krogstad, 1983; Elliott et  al. 1996; 
Amlinger et  al. 2007; Adejumo et al. 2010; Rennevan 
et al. 2010). Drought, whether mild or severe, has been 
reported to decrease crop growth and development (Sad-
ras and Milroy 1996; Shaw 1988; Aslam et al. 2006) but 
application of organic amendment was found to increase 
biomass production under low water regime compared to 
control without amendments (Figs. 14, 15, 16).

Among various compatible solutes, proline is known 
to have various functions under stress conditions in plants 
(Ashraf and Foolad 2007). Proline is regarded as a non-
enzymatic antioxidant that crop uses to mitigate the adverse 
effects of reactive oxygen species (ROS) (Islam et al. 2009). 
It is well documented that there was a dramatic accumula-
tion of Proline following salt, drought, and metal stresses 
due to increase in its synthesis or decrease in its degradation 
(Shah and Dubey 1998). The decrease in proline accumu-
lation across the organic treatments and at varying water 
regimes showed the effect of organic amendment in enhanc-
ing stress tolerance by reducing the availability of heavy 
metals and increasing the water retention capacity of the 
soil (Uchimiya et al. 2010; Herth et al. 2013). Increase in 
accumulation of proline in the control treatment at 100% FC 

showed that stress caused by heavy metal alone enhanced 
proline production more than combined stress. The accu-
mulation could also be attributed to availability of water 
for protein degradation. An increase in free cysteine levels 
has also been reported in response to various abiotic stress 
factors. This increase was reported together with increase 
in glutathione (GSH) concentrations, leading to the conclu-
sion that cysteine is mainly needed for the biosynthesis of 
sulphur-rich compounds such as GSH and stress-related 
proteins with anti-stress activity (Harms et al. 2000; Ruiz 
et al. 2002). In this study, with 50% field capacity, increase 
in cysteine accumulation was observed in maize grown 
on lead-contaminated soil with no amendment than those 
treated with biochar and compost which confirms the ame-
liorative roles of organic amendments.

Chlorophyll is an extremely important biomolecule crit-
ical in photosynthesis. One of the biochemical indicators 
of environmental stress is the degradation of chlorophyll 
(Arnao and Hernandez-Ruiz 2009). Chloroplast degenera-
tion occurs through the progressive loss of proteins, such 
as Rubisco and chlorophyll-binding proteins (Arnao and 
Hernandez-Ruiz 2009). Although photosynthesis has long 
been known to be partially or completely suppressed by 
severe water stress due to chlorophyll degradation (Boyer 
1976), in this study, compost and biochar enhanced chloro-
phyll formation across the water probably due to the avail-
ability of nutrients such as Mg which is needed for chloro-
phyll formation. A possible reason for the decrease in plant 
chlorophyll in the other treatments and control could be 
attributed to the ability of heavy metal most especially Pb 
in replacing the central Mg ion or inhibiting chlorophyll 
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synthesis by disrupting the activity of chlorophyll-syn-
thesizing enzyme (Pflugmacher et al. 1999; Manios et al. 
2003). Carotenoid is also a non-enzymatic antioxidant pig-
ment that protects chlorophyll, membrane and cell genetic 
composition against ROS under drought and heavy metals 
stress (Nemeskeri 2006). In the previous reports, it is sug-
gested that decrease in carotenoid content is a common 
response to metal toxicity (Rout et al. 2001) while the 
increase might be due to the important role of this pig-
ment in detoxifying ROS (Tewari et al. 2002; Chandra 
et al. 2009). For example, Nemeskéri (2006) reported that 
drought stress significantly reduced the seed total carot-
enoid contents in a study with different pea cultivars under 
drought condition, but this decrease in carotenoid contents 
was not uniform in the pea cultivars. In this present study, 
increase in carotenoid content was significantly enhanced 
in maize leaves by the application of B1, B3, C1, C3, 
B2C1, B2C2, and B2C3 under 25% and 100% field capac-
ity. With 50% field capacity, maize grown on soil with no 

amendment also recorded the highest carotenoid content. 
The porphyrins are enormous group of organic compounds 
in plants which are also regulated to overcome drought-
induced stress conditions (Phung et al. 2011). The level of 
porphyrins was significantly higher with the application of 
B2C2 and B2C3 across the varying water regimes.

The changes in soil chemistry due to soil amendment 
could have also influenced the transformation, mobility, and 
bioavailability of Pb; hence, the variations observed in Pb 
uptake by maize crop in response to different organic amend-
ments (Salati et al. 2010; Fleming et al. 2013). Pb concentra-
tion in maize shoot was lower than that of the root while the 
concentration in the root was lower than the one remaining 
in the soil. Higher Pb concentration in the root confirmed the 
previous report that 90% of the total Pb is accumulated in the 
root partly because of Pb poor mobility or mass flow mecha-
nism (Kumar et al. 2012). Meanwhile, this has also been 
described as a tolerance mechanism to avoid the upward 
movement of Pb to the shoot where important metabolic 
activities are taking place (Fahr et al. 2013). Pb concentra-
tion in the shoot and root across the varying water regimes 
was reduced with 25% and 100% field capacity compared to 
50% while across the treatments, lower rates of compost and 
biochar (B2 and C1) as well as their combination (B2C1) 

Fig. 14   Maize plants under 25% FC in response to different amend-
ments at harvesting

Fig. 15   Maize plants under 50% FC in response to different amend-
ments at harvesting
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reduced Pb concentration in maize plant parts compared to 
the higher rates.

It has been reported that the efficiency of compost is 
based on its application rate and the materials used for 
composting. However, in some situations, these are not 
directly correlated. This is why, it is important to determine 
the optimum application rate that gives the best result when 
using organic amendment to achieve different objectives. 
Similarly, from this study, it was clear that the behavior of 
different organic amendments was not concentration depend-
ent and varied greatly depending on the type of materials, 
rate of application, and the stress treatments. The variation 
observed in the behavior of organic amendment in this study 
which was not consistent with the application rates might be 
due to the fact that many factors and various experimental 
conditions could have influenced the behavior of organic 
amendment in the soil matrix regardless of the amount. For 
instance, there have been conflicting reports on the role of 
organic amendment in the immobilization or solubilization 
of heavy metals in contaminated matrices depending on the 
form and rate of application (Bolan et al. 2003; David et al. 
2004; Salati et al. 2010). Higher application rate in some 
cases has been found to immobilize heavy metal (Adejumo 
et al. 2010) whereas in another situation higher application 

rate has been reported to increase the mobility of metal in 
the soil (Fleming et al. 2013) due to increase in the concen-
tration of DOM which in turn increases the metal extract-
ability from the soil through plant uptake (Antoniadis and 
Alloway 2002; Ashworth and Alloway 2008; Salati et al. 
2010; Fleming et al. 2013). This might be responsible for the 
higher Pb concentration in the shoot of maize plant treated 
with 10 t/ha compost (C2) under different watering regimes 
which was more than that of control and other organic treat-
ments. The higher amount of Pb in the shoot could have 
also been responsible for the lower biomass recorded in that 
treatment as reflected in the other growth parameters taken 
(data not shown) probably due to phytotoxicity effect.

According to Fleming et al. (2013), heavy metal uptake 
is also influenced by soil nutrient status. This could possibly 
explain the higher Pb concentration found in maize grown 
on some amended soil compared to soil with no amendment. 
Soil pH is also an indicator for soil acidity or soil alkalin-
ity and it is important for crop cultivation (Kögel-Knabner 
et al. 1996; Diez and Krauss 1997). In this study, the soil pH 
was increased across the water regimes and organic amend-
ments (data not shown). It has been reported in previous 
research that regular application of organic amendments 
enhances soil pH (Ouedraogo et al. 2001) and organic matter 
(Amlinger et al. 2007; Adejumo et al. 2010). In this study, 
B2C3 increased the soil organic matter at 50%, while B2, 
B3, and B2C3 had high organic matter at 100% FC. All 
these were responsible for the maize growth under stress 
(Termorshuizen et al. 2005).

Conclusion

Combination of drought and heavy metal stresses reduced 
maize growth and biomass accumulation. Application of 
biochar in combination with compost, however, enhanced 
biomass production in stressed maize crop. Heavy metal 
stress alone increased the accumulation of proline better 
than combined stresses unlike cysteine and photosynthetic 
pigments. Combined stresses most especially at 50% FC 
increased photosynthetic pigment formation, and cysteine 
and Pb accumulation in maize crop compared to single stress 
of heavy metal alone. Osmolytes and photosynthetic produc-
tion were also enhanced with biochar and compost amend-
ments under stress compared to control whereas proline 
accumulation was reduced with amendments except in B2C1 
treatment compared to control. Sole application of biochar at 
10 t/ha reduced Pb uptake by maize and post-cropping soil 
Pb concentration. Different watering regimes also had vary-
ing effects on Pb uptake and translocation in the maize crop. 
The concentration in the shoot and root across the varying 
water regimes was reduced under 25 and 100% field capac-
ity compared to 50% while organic treatments were found to 

Fig. 16   Maize plants under 100% FC in response to different amend-
ments at harvesting
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reduce Pb concentration in plant parts. Compost applied sin-
gly performed better than biochar alone in term of biomass 
and osmolytes accumulation. Though no metal speciation or 
DOM quantification was considered in this study, the result 
obtained showed that thorough understanding of the DOM 
contents and functional groups of different organic amend-
ments and their combination with respect to their different 
rates of application under different environmental conditions 
is needed.
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