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Abstract 
 

Low nitrogen (N) utilization efficiency is a serious problem in rapeseed production. Slow-release urea (SRU) or the combined 

application of slow-release urea and common urea could enhance N utilization, but this effect is limited and long-term N 

fertilizer application would lead to soil acidification. Biochar has the potential to effectively improve acid soil and increase N 

utilization efficiency. A pot experiment was conducted to investigate the effects of the combined application of biochar and 

different urea on the root morphology, grain yield, and nitrogen uptake and utilization of rapeseed. The two-factorial complete 

randomized block design was adopted with three schemes of urea (100% common urea, 100% slow-release urea, and 60% 

common urea and 40% slow-release urea, named UR, SRU, and combined (60%+40% SRU), respectively), and three biochar 

levels (0, 2 and 4% of the soil weight, named C0, C1 and C2, respectively). Biochar was found to significantly affect rapeseed 

root morphology, grain yield, nitrogen uptake and utilization when compared with no biochar, but these effects varied with 

different urea and biochar application rate. C1 combined with 60%+40% SRU significantly promoted the diameter of root 

crown, total root volume, average root diameter, total nitrogen accumulation (TNA), and nitrogen-use efficiency (NUE); C1 

combined with UR also significantly increased the total root volume, total root length, and average root diameter of rapeseed. 

However, C2 combined with UR and 60%+40% SRU, and the combined application of biochar (C1 and C2) and SRU, had an 

inhibitory effect on root morphology, nitrogen uptake and utilization, and yield due to the slow release effect of biochar on 

available nitrogen. The diameter of root crown, total root volume, total root surface area, average root diameter, TNA, NUE, 

effective pod number, number of grains per pod, and yield were highest under the combined application of 60%+40% SRU 

and C1. NUE and yield of 60%+40% SRU+C1 treatment increased by 12.36–63.68% and 2.82–46.59%, respectively, than 

with urea application only. This combination may be an effective mean to further improve the yield and NUE of rapeseed in 

dryland in southwest China. © 2020 Friends Science Publishers 
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Introduction 
 

Low nitrogen (N) utilization efficiency of crops is a serious 

problem throughout the world, especially in China. Good 

root morphology is important to achieve both high yield and 

high efficiency of rapeseed (Comas et al. 2013). The 

southwest region of China is the main rapeseed production 

area and crucial to ensuring the security of edible oil 

industry. Nitrogen plays an important role in rapeseed 

growth and development, and increase of N application has 

been a major management strategy for high-yielding 

rapeseed cultivation (Cassman et al. 2003). As a result, 

nitrogen fertilizer input has increased year by year in this 

area. With the development of mechanized light and simple 

production of rapeseed, people have increased the 

investment of nitrogen fertilizer in the early stage to avoid 

the trouble of late fattening, which have reduced nitrogen 

fertilizer-use efficiency, have enhanced N loss and 

volatilization, and have also caused a series of 

environmental problems (Lassaletta et al. 2014; Duran et al. 

2016; Clark and Tilman 2017; Kostyanovsky et al. 2019). 

Thus, reasonable N fertilization strategies should be 

developed and utilized to achieve high crop yields and high 

nitrogen efficiency and to minimize negative effects on the 

environment. 

Without changing the chemical structure of common 

urea, slow-release urea reduces the urea release rate by 

physical or chemical treatment so that the rate of ammonia 
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production is consistent with the speed of crop utilization, 

thus improving N utilization efficiency. Several studies have 

demonstrated that the application of slow-release urea has 

numerous benefits, including achieving one-time simplified 

fertilization, improving N utilization rate, reducing soil 

nitrogen surplus, increasing crop yield, and reducing the risk 

of environmental pollution (Saha et al. 2019). At present, 

the combined application of slow-release urea and ordinary 

urea in an appropriate ratio has attracted widespread 

attention from scholars in both China and other countries 

(He et al. 2017; Pirtle et al. 2019; Rafael et al. 2019). 

Studies showed that appeared greedy to crop resulting in 

lower yield and higher costs because of rich nitrogen supply 

under 100% slow-release urea treatment, while the 

combined application of slow-release urea and ordinary urea 

had a good comprehensive effect (Xie et al. 2019). No 

matter it is applied alone or in combination with ordinary 

urea, the effect of improving N use efficiency is limited, and 

long-term chemical fertilizer application would cause soil 

acidification (Cheng et al. 2017). It is therefore, desirable to 

find efficient comprehensive strategies that can improve N 

utilization efficiency based on ensuring good soil quality. 

Biochar has long been subjects of scientific interest as 

amendments for acid soil improvement, crop production, 

and increase of N use efficiency (Abrishamkesh et al. 2015; 

Kraska et al. 2016; Sowiński and Glab 2018; El-Naggar et 

al. 2019). Moreover, agronomic performances of biochar 

were variable (positive or negative effects) with soil, crop, 

and biochar types and application modes including fertilizer 

types and application modes (Hussain et al. 2017; Sarma et 

al. 2018). It is generally accepted that biochar can increase 

the pH of acidic soils due to alkaline substances in biochar 

which neutralize some soil acidity (Wang et al. 2016). 

However, it is still unclear whether the effects of biochar on 

the N use efficiency and yield of rapeseed would vary with 

different urea types in the southwest purple soil region in 

China. Moreover, it is also unclear whether the combination 

of biochar and slow-release urea, and the combination of 

biochar and both common urea and slow-release urea would 

significantly increase N use efficiency and yield of 

rapeseed, compared with applying urea alone. Therefore, the 

effects of combined application of biochar and different urea 

on root morphology, yield and N uptake and utilization of 

rapeseed are studied with the purpose to: (1) provide a 

theoretical basis for the reasonable application of biochar 

under different types of urea; (2) provide technical support 

for achieving high yields and high N use efficiency of 

rapeseed in southwest China. 
 

Materials and Methods 
 

Experimental materials 
 

The tested soil was collected from the cultivation-layer (i.e., 

the top 0–20 cm) at the experimental farm of Southwest 

University in Chongqing City, China (29°49N, 106°25E). 

Pre-processing of soil was done according to the methods of 

Šas dková et al. (2018). The soil was classified as a typical 

purple soil and its physico-chemical properties were as 

follows: 7.22 g·kg
-1

 organic matter, 0.62 g·kg
-1

 total N, 

36.75 mg·kg
-1

 available N, 9.46 mg·kg
-1

 available P, 80.00 

mg·kg
-1

 available K, and pH 6.91. Selected properties of the 

applied biochar, which was pyrolyzed at 500ºC for 2 h from 

straw of rice (Oryza sativa L.), were as follows: 0.61 g·kg
-1

 

total N, 1.99 g·kg
-1

 total P, 27.15 g·kg
-1

 total K, 537.97 g·kg
-1

 

total C, and pH 8.70. The sustained release period of slow-

release urea (polymer-coated urea, 44.5% N) was about 90 d 

in soil. 
 

Experimental design 
 

A pot experiment was conducted in the greenhouse of 

Southwest University. The treatments were defined by a 

two-factorial complete randomized block design using three 

schemes of urea (100% common urea, 100% slow-release 

urea, and 60% common urea and 40% slow-release urea, 

named UR, SRU, and 60%+40% SRU, respectively), and 

three biochar levels (0, 2, and 4% of the soil weight, named 

C0, C1, and C2, respectively). A control treatment (CK) 

which received no biochar and no N fertilizer was also 

included. The ten treatment combinations were replicated 12 

times. The prepared materials were mixed and then filled 

into pots (25 cm inner diameter and 35 cm height; each pot 

contained 5 kg of soil). 

The sowing rate of rapeseed (Sanxiayou No. 5) was 5-

6 seeds·pot
-1

. The rapeseed experiment was conducted from 

October 20, 2017, to May 15, 2018. N, P, and K were 

applied at rates of 0.20 g N, 0.15 g P2O5 and 0.15 g K2O per 

kg of soil (equal to 1g N·pot
-1

, 0.75 g P2O5·pot
-1

, and 0.75g 

K2O·pot
-1

) as a basal fertilizer for rapeseed. Other 

management practices applied were in accordance with 

those used by local farmers. 
 

Measurement items and methods 
 

Soil samples (0–20 cm) were collected from each plot at 7, 

15, 30, 45 and 60 days after urea application. During 

sampling and transportation, all the samples were kept in an 

insulated box with ice. Prior to analysis, soil samples were 

stored at 4ºC to determine NO3
−and NH4

+
 concentrations of 

soil. The plants were harvested from each pot at maturity in 

May 2018 and separated into roots, straw, pods, and grains 

to determine the root morphology, dry weight, grain yield, 

and total N content of rapeseed. Other yield-related 

agronomic traits, including the effective number of pods, the 

number of grains per pod, and thousand-seed weight, were 

determined simultaneously. NO3
−and NH4

+
 concentrations 

of soil were determined using the dual-band UV-

spectrometer and indophenol blue colorimetry, respectively 

(Zhang and Gong 2012). The root morphology was 

determined using a Root Scanner device (Regent Instrument 

Inc., Québec, Canada) after the root samples were collected 
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and cleaned during the bud and maturing stages. The 

samples of all organs were desiccated at 105°C for 30 min 

and then dried at 70°C to a constant weight to determine the 

dry weight during the bud and maturing stages. These were 

then finely ground into powder to pass through a 0.2 mm 

sieve, to determine the total N values using the semi-micro 

Kjeldahl method. N use efficiency was calculated according 

to Sang et al. (2018). 

N utilization efficiency (NUE, %) = (total N uptake by 

plant with added N – total N uptake by plant with no N)/N 

application amount × 100. 
 

Statistical analysis 
 

A two-way ANOVA was used to determine differences 

between the treatments. Means were compared using 

Duncan’s test at a 0.05 probability level. The data were 

analyzed using the S.P.S.S. 17.0 software for Windows 

(SPSS Inc., Chicago, USA). 

Grey correlation analysis was performed on highly 

significantly related indicators. Five main traits of rapeseed 

were selected and the optimal value of each trait was 

determined. The mean value of each trait was dimensionless, 

and the greater the range of each trait, the better. The upper 

limit effect measure was used. The grey relational coefficient 


𝑖 

(𝑘) can be expressed as follows (Lei 1996): 
 

 

 
 

 
 

 
 

 
 

k=1, 2, 3, …, n; i=1, 2, 3, …, n 
 

Where: - The i trait observation value of treatment k; 

 - The maximum value of the i trait in all 

treatments; - The minimum value of the i trait in all 

treatments; - Sec level minimum 

difference; - Sec level 

maximum difference; - Resolution coefficient (0.5). 
 

Results 
 

Root morphology 
 

Biochar significantly affected rapeseed root morphology 

(except total root length and total root surface area at bud 

stage), but this effects varied with different urea and biochar 

application (Table 1). Under UR treatment, 2% biochar 

significantly promoted the average root diameter and total 

root volume at the bud stage, and total root length at the 

maturing stage, which were 10.98, 28.66 and 12.87% 

higher, respectively, than those with 0% biochar. The 

treatment of 2% biochar also significantly promoted the 

average root diameter at the bud stage, root crown diameter 

at the maturing stage, and total root volume at the maturing 

stage, when combined with 60%+40% SRU treatment, 

which were 12.20, 9.26 and 15.13% higher, respectively, 

than with no biochar. However, the combined application of 

4% biochar with 60%+40% SRU and UR as well as the 

combination of biochar (2 or 4%) with SRU had an 

inhibitory effect on the root morphology of rapeseed. The 

root crown diameter and total root volume in SRU+C1 were 

significantly reduced by 11.19 and 38.54%, and in SRU+C2 

were significantly reduced by 12.59 and 30.73%, 

respectively, compared with those of SRU+C0 at the bud 

stage. The root crown diameter of plant in SRU+C1 and 

SRU+C2 was also 13.24 and 14.88% lower, respectively, 

than in SRU+C0 at the maturing stage. Additionally, the 

root crown diameter and total root volume of 60%+40% 

SRU+C2 were significantly lower by 7.25 and 21.08% at 

the bud stage and 11.11 and 22.99% at the maturing stage, 

respectively than with 60%+40% SRU+C0; the average root 

diameter and total root length of UR+C2 were 13.81 and 

12.83% lower, respectively, than with UR+C0 at the 

maturing stage. This indicates that the appropriate amount 

of biochar (2%) was beneficial to promote the growth of 

rapeseed roots under UR and 60%+40% SRU treatments, 

while high biochar application (4%) had a certain inhibitory 

effect on rapeseed roots. Additionally, the combined 

application of biochar (2 or 4%) and SRU was not 

conducive to the growth of rapeseed roots. 

At the maturing stage, the interaction of urea and 

biochar on the root morphology of rapeseed reached a 

significant level except for total root surface area. The root 

crown diameter, total root surface area and total root volume 

of rapeseed treated with 60%+40% SRU+C1 were the 

highest than other treatments, and the average root diameter 

was only lower than UR+C1. This indicates that the 

combined application of 2% biochar with 60%+40% SRU 

was most conducive to promoting root growth in all 

treatments. 

 

Nitrogen accumulation and utilization 

 

Application of 4% biochar significantly reduced the total N 

in UR and 60%+40% SRU treatments (Fig. 1). Compared 

with C0, the total N in C2 under the UR and 60%+40% 

SRU treatments was 18.32 and 13.43% at bud stage, while 

12.85 and 17.60% at maturing stage but lower, respectively. 

In addition, the total N in SRU+C1 and SRU+C2 was 

significantly lower by 15.71 and 25.29% at bud stage, and 

21.29 and 19.08% at maturing stage, respectively than for 
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SRU+C0. However, compared with C0, the total N in C1 

under the 60%+40% SRU treatment was increased by 

8.20% at the maturing stage, which was significantly higher 

than other treatments. 

Same as the accumulation of total N, 4% biochar 

significantly reduced the NUE in UR and 60%+40% SRU 

treatments (Fig. 2). Compared with C0, the total N in C2 

under the UR and 60%+40% SRU treatments was 22.79 and 

26.73% lower, respectively. Additionally, the NUE in 

SRU+C1 and SRU+C2 was significantly lower by 32.50 

and 29.03% than in SRU+C0 respectively. However, 

compared with C0, the NUE in C1 under the 60%+40% 

SRU treatment was significantly increased by 12.36%. 

Moreover, the NUE of 60%+40% SRU+C1 treatment was 

highest in all treatments, and significantly higher by 12.36–

63.68% than urea alone. This indicates that the combined 

application of high biochar application (4%) with different 

urea types inhibited the accumulation and absorption of 

nitrogen in rapeseed. Compared with 2% biochar combined 

with UR or SRU, and compared with applying urea alone, 

2% biochar combined with 60%+40% SRU could promote 

the accumulation and absorption of nitrogen in rapeseed. 

 

Yield and its components 

 

The effects of biochar on effective pods number, thousand-

seed weight and grain yield were significant, and the 

interaction of urea and biochar also reached a significant 

level (Table 2). Yields in C1 and C2 under SRU treatment 

were 23.62 and 24.27% lower than in C0 which was due to 

the number of effective pods in SRU+C1 and SRU+C2 that 

were 24.66 and 28.77% lower than in SRU+C0 respectively, 

and yield under 60%+40% SRU+C2 was also reduced by 

14.93% than under 60%+40% SRU+C0, whereas biochar 

had little effect on yields under UR. With 60%+40% 

SRU+C1 treatment, the rapeseed yield was highest (3.65 

g·plant
-1
) significantly than other treatments except for 

60%+40% SRU+C0, and was 2.82, 18.12, 46.59 and 

223.01% higher than 60%+40% SRU+C0, SRU+C0, 

UR+C0 and control, respectively. This indicates that the 

effect of biochar on rapeseed yield varied with different urea 

types. Compared with 2% biochar combined with UR or 

SRU, 2% biochar combined with 60%+40% SUR was more 

conducive to increase rapeseed yield. 
 

Correlation and grey correlation analysis 
 

Root crown diameter, total root surface area, effective pod 
number and number of grains per pod showed highly 
significant positive correlations with rapeseed yield, which 
was positively correlated with total root volume, and had no 
correlation with total root length, average root diameter and 

Table 1: Root morphology of rapeseed in different treatments 
 

Treatment Bud stage Maturing stage 

Root crown 

diameter 
(mm) 

Total root 

length (cm) 

Total root 

volume 
(cm3) 

Total root 

surface area 
(cm2) 

Average root 

diameter 
(mm) 

Root crown 

diameter 
(mm) 

Total root 

length 
(cm) 

Total root 

volume 
(cm3) 

Total root 

surface area 
(cm2) 

Average root 

diameter 
(mm) 

URC0 6.70bcd 261.81a  1.64c 19.18a  0.82b  7.43bcd 200.72b 2.35bc 16.15abc 1.81abc 

URC1 6.76bc 269.39a  2.11a  19.52a  0.91a  7.84bc 226.55a 2.51b 16.32abc 1.99a 
URC2 6.48cd 262.26a 1.62c  19.41a  0.73c  6.98d 174.97d 2.25cd 15.61bc 1.56d 

SRUC0 7.15ab 275.16a  1.92b 19.75a  0.81bc  7.93bc 192.20bc 2.33bc 16.37abc 1.71bcd 

SRUC1 6.35cd 272.32a 1.18e  19.62a  0.81bc  6.88d 189.86bc 2.30bcd 15.66bc 1.64bcd 
SRUC2 6.25d 268.31a 1.33d  19.24a  0.76bc  6.75d 186.81c 1.97d 15.42bc 1.61cd 

60%+40% SRUC0 7.31a 273.45a 1.85b  19.53a  0.82bc  8.10b 183.65cd 2.71b 16.88ab 1.85ab 

60%+40% SRUC1 7.47a 275.53a 1.97b  19.55a  0.92a  8.85a 195.23bc 3.12a 17.30abc 1.93a 
60%+40% SRUC2 6.78bc 273.39a 1.46d  19.46a  0.73c  7.20cd 173.98d 2.01cd 16.23a 1.78abc 

N ** * ** ns ns ** ** ** ** ** 

C ** ns ** ns ** ** ** ** * ** 
N×C ** ns ** ns * ** ** ** ns * 
ns: non-significant, *: P ≤ 0.05, **: P ≤ 0.01. Values with the same letter within a column are not significantly difference at P = 0.05. N: different urea types, C: biochar levels, 

N×C: interaction effect between biochar and urea 

 
 

Fig. 1: Total N determined at (a) bud stage and (b) maturing stage 

of rapeseed in different treatments 
N: different urea types, C: biochar levels, N×C: interaction effect between biochar and 

urea. Bars superscribed by different letters are significantly different at P < 0.05 

 

 
 

Fig. 2: Nitrogen utilization efficiency in different treatments 
N: different urea types, C: biochar levels, N×C: interaction effect between biochar and 

urea. Bars superscribed by different letters are significantly different at P < 0.05 
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thousand-seed weight (Table 3). 

The grey comprehensive evaluation values for the 

different treatments followed the order: 60%+40% SRUC1 

> 60%+40% SRUC0 > SRUC0 > 60%+40% SRUC2 > 

SRUC2 > SRUC1 > URC1 > URC0 > URC2 (Table 4). 

The overall pattern under the UR and 60%+40% SRU 

treatments was C1 > C0 > C2 and C0 showed better results 

than C1 and C2 under the SRU treatment. Besides, the 

combined application of 60%+40% SRU and C1 could 

make the root morphology and yield traits of rapeseed close 

to the optimal level. 

 

Discussion 
 

Crop root growth is directly affected by the soil 

environment, including soil temperature, moisture, aeration, 

porosity and nutrients. Biochar has a certain dilution effect 

after being applied to the soil due to its developed pore 

structure and low density, which can change the aeration 

and porosity of the soil, thus indirectly affecting the crop 

root growth. Several studies have also shown that the 

application of biochar to soil decreased soil bulk density, 

and improved soil porosity and pore size (Laird et al. 2010; 

Devereux et al. 2012). These results may explain the 

observations of this study, which indicated that 2% biochar 

improved the root morphology of rapeseed under the UR 

and 60%+40% SRU treatment (Table 1). However, the high 

biochar application (4%) inhibited the root growth. Soil 

porosity may be too high under high levels of biochar 

application, which accelerated water and nutrient loss, 

leading to their insufficient absorption and utilization, thus 

affecting root growth (Xu et al. 2016). Previous study has 

also pointed out that the root epidermal cells were almost 

completely shed and cortical hair breeding was inhibited by 

higher biochar application, which directly inhibited root 

elongation and root thickening (Zhou et al. 2017). In this 

Table 2: Yield and its components of rapeseed in different treatments 

 
Treatment  Effective pods number·pod-1 Number of grains per pod Thousand-seed weight (g) Grain yield (g·pot-1) 

CK 52c 14a 3.26c 1.13d 

URC0 59bc 16a 3.24c 2.49c 

URC1 62bc 16a 3.34bc 2.67c 
URC2 55bc 15a 3.76a 2.42c 

SRUC0 73ab 16a 3.35bc 3.09b 

SRUC1 55bc 14a 3.35bc 2.36c 
SRUC2 52c 14a 3.57ab 2.34c 

60%+40% SRUC0 80ab 17a 3.57ab 3.55a 

60%+40% SRUC1 86a 18a 3.58ab 3.65a 
60%+40% SRUC2 70abc 16a 3.65a 3.02b 

N ** ns ** ** 

C * ns ** ** 
N×C * ns * ** 
ns: non-significant, *: P ≤ 0.05, **: P ≤ 0.01. Values with the same letter within a column are not significantly difference at P = 0.05. N: different urea types, C: biochar levels, 

N×C: interaction effect between biochar and urea 

 

Table 3: Correlation coefficients of root morphology and yield factors with yield of rapeseed 

 
Root morphology Yield Yield factors Yield 

Root crown diameter 0.871** Effective pod number 0.958** 

Total root length -0.072 Number of grains per pod 0.892** 
Total root volume 0.723* Thousand-seed weight  0.212 

Total root surface area 0.936**   

Average root diameter 0.592   
* and ** denote significant correlation at the 0.05 and 0.01 probability levels, respectively 

 

Table 4: Grey judgement analysis of root traits and yield factors 

 
Treatment Correlation coefficient (ξ) G 

Root crown diameter Total root volume Total root surface area Effective pods number Number of grains per pod 

URC0 0.451 0.645 0.340 0.971 0.385 0.600  

URC1 0.456 0.639 0.379 0.924 0.451 0.605  

URC2 0.507 0.690 0.351 0.846 0.432 0.596  
SRUC0 0.723 0.564 0.565 0.983 0.753 0.742  

SRUC1 0.497 0.588 0.333 0.948 0.496 0.610  

SRUC2 0.515 0.930 0.341 0.780 0.486 0.636  

60%+40% SRUC0 0.693 0.554 0.976 0.753 0.821 0.750  

60%+40% SRUC1 1.000 1.000 1.000 1.000 1.000 1.000  
60%+40% SRUC2 0.903 0.414 0.539 0.906 0.678 0.707  

CD (γ) 0.638 0.669 0.536 0.901 0.611  

WC (ω) 0.190 0.199 0.160 0.269 0.182  
G: Grey comprehensive evaluation value, CD: Correlation degree, WC: Weight coefficient 

https://www.cambridge.org/core/search?filters%5bauthorTerms%5d=Rachel%20C.%20Devereux&eventCode=SE-AU
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study, biochar was alkaline (pH 8.70) and carbon content 

was high (537.97 g·kg
-1

 total C). Therefore, soil pH can be 

lager changed very much by the addition of excess biochar 

which may cause competitive adsorption of nutrients with 

roots, thus inhibiting root growth and nutrient uptake 

(Kishimoto and Sugiura 1985). In addition, changes in soil 

pH and nutrient conditions, especially C/N, may have a 

negative effect on the community structure and function of 

some soil microbes, affecting the physiological functions of 

roots. Some exploratory studies suggested that certain 

volatile components of biochar might also inhibit crop 

growth (Deenik et al. 2009), but this viewpoint still required 

the large-scale accurate and confirmatory tests. 

Different from the UR and 60%+40% SRU treatment, 

root crown diameter and total root volume of the SRU 

treatment significantly decreased under medium (2%) or 

high (4%) biochar application. To understand this 

phenomenon, the soil nitrate nitrogen and ammonium 

nitrogen content of different treatments within 60 days were 

tested. Since the ammonium content of each treatment was 

very low and their differences were not basically significant, 

only the nitrate nitrogen was analyzed. The nitrate nitrogen 

content in the soil of the SRU treatment was significantly 

reduced under 2% biochar application during the 60 days of 

crop growth, and there were less nutrients for direct 

absorption by roots (Fig. 3). However, the demand for 

nitrogen at the seedling stage of rapeseed accounted for 

nearly 50% of the whole growth period. Thus, the roots of 

rapeseed could not grow well in the later stage due to the 

early nitrogen deficiency, resulting in a significant decrease 

in the root crown diameter (Table 1). It could also be seen 

that 4% biochar significantly reduced the nitrate nitrogen 

content of the soil under various urea treatments, which may 

be another major reason for the inhibition of crop root 

development under the addition of high biochar combined 

with UR and 60%+40% SRU treatment. These results 

further confirmed the nutrient release effect of biochar 

(Widowati et al. 2011; Li et al. 2013). 

The nutrient absorption of crops from the soil mainly 

relies on the root system. The development of roots directly 

affects the accumulation and absorption of nutrients by the 

crops. The polynomial regression analysis (Fig. 4) showed 

that total N and NUE significantly (P ≤ 0.05) increased 

with the increase of total root volume (y=0.0265x
2
- 

0.0026x+0.291; R
2
=0.60 and y=0.0383x

2
-0.0663x+0.2027; 

R
2
=0.55), the root crown diameter (y=0.021x

2
-

0.2468x+1.0907; R
2
=0.74 and y=0.0247x

2
-

0.3063x+1.1583; R
2
 =0.67) and total root surface area 

(y=0.0208x
2
-0.6164x+4.963; R

2
=0.46 and y=0.0207x

2
- 

0.6123x+4.7455; R
2
=0.48). The results of this study 

showed that 4% biochar significantly reduced total N and 

NUE under the various urea treatments, but the combined 

application of 2% biochar and 60%+40% SRU 

significantly promoted total N and NUE, which were 

related to the effect of biochar on the root morphology of 

rapeseed. Abiven et al. (2015) showed that biochar 

amendment resulted in more extensive root systems and 

improved N uptake in deep soil. In addition, the nutrient 

content in the soil was also the main influence factor for the 

nitrogen accumulation of crops (Rasool et al. 2018; Zhang 

et al. 2018). Application of 2% biochar was beneficial to 

the root volume under UR, but the nitrogen accumulation 

was not significant increased due to the reduction of 

available nitrogen content in soil (Fig. 3; Table 1; Fig. 4), 

 
 

Fig. 3: Nitrate nitrogen content in different treatments 

 

 
 

Fig. 4: The effect of root morphology on total N and NUE of rapeseed 
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which limited the absorption and utilization of nitrogen by 

roots to a certain extent. 

There are still debates about the impact of biochar on 

crop yields. Major et al. (2010) showed that maize grain 

yield did not significantly increase under biochar application 

during first year. Zhang et al. (2010) reported that biochar 

amendments of 10 t·hm
−2

 and 40 t·hm
−2

 increased rice 

yields by 12 and 14% in unfertilized soils, and by 8.8 and 

12.1% in soils with N fertilization, respectively. However, 

Alburquerque et al. (2013) pointed out that biochar addition 

to a nutrient-poor, slightly acidic loamy sand soil had little 

effect on wheat yield in the absence of mineral fertilization, 

but with the highest mineral fertilizer rate, addition of 

biochar led to about 20–30% increase in grain yield 

compared with the use of the mineral fertilizer alone. The 

reason for these differences is that the biochar will change 

due to soil nutrient status, biochar application period and 

crop type, etc. It was found that the effect of biochar on 

rapeseed yield varied with different urea types in this study. 

High amounts of biochar significantly reduced the yield of 

rapeseed under SRU and 60%+40% SRU treatment, but had 

no effect on the yield under UR treatment. This reduction of 

yield was mainly due to reduction in the number of effective 

pods under SRU and 60%+40% SRU treatment. The 

number of effective pods under C2 was 28.77 and 12.50% 

lower than that under C0 combined with the SRU and 

60%+40% SRU treatment, respectively. Similarly, 2% 

biochar reduced the yield of SRU treatment due to a 

reduction in the number of effective pods (Table 2). 

Previous studies have found that soil organic carbon content 

increased and soil color deepened under high amount of 

biochar application, and the surface soil absorbed heat and 

light leading to the lack of oxygen and low temperature in 

the deep soil, which caused the root system can not grow 

well to the deep, thus affecting the nutrient absorption of the 

crop and reduce the number of effective pods resulting in a 

reduction in crop yield (Agegnehu et al. 2015; Wei et al. 

2018). This is consistent with the results of this study. 

Nevertheless, the application of 2% biochar had a certain 

promoting effect on the yield of rapeseed under 60%+40% 

SRU and UR treatment, which was related to the increase of 

root growth and the number of effective pods (Table 3). 

Although the improvement effect was not significant, on the 

basis of stable production, the nitrogen utilization efficiency 

of rapeseed was significantly improved under 60%+40% 

SRU treatment. Hence, compared with UR and SRU, the 

combined application of 60%+40% SRU and 2% biochar is 

an efficient cultivation method in production. 

 

Conclusion 
 

Biochar had significant effects on the nitrogen uptake and 

utilization, yield and yield related traits of rapeseed, but 

these effects could be changed by different urea types. 

Under the UR and 60%+40% SRU treatments, 2% biochar 

could promote root growth, N-use efficiency and yield of 

rapeseed, while it significantly reduced those under the SRU 

treatment, when compared with no biochar. Besides, 4% 

biochar inhibited root growth, and reduced nitrogen 

accumulation, nitrogen use efficiency, and yield of rapeseed 

under the different urea treatments due to the slow release 

effect of biochar on available nitrogen. The interaction of 

urea and biochar on the root morphology, nitrogen use 

efficiency and yield of rapeseed was also significant. The 

combined application of 60%+40% SRU and 2% biochar 

was the best as it provided the highest NUE, grain yield and 

partial yield related traits. It may be an effective mean for 

this combination to further improve the yield and NUE of 

rapeseed in dryland in southwest China. 
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