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 A B S T R A C T 

Sandy soils suffer from many problems with physical and chemical properties as well as low productivity 

of cultivated crops. Biochar and organic fertilizer have been used in agriculture to improve soil fertility, 

enhance crop productivity, and sequester carbon in the soil. A study was conducted to investigate the 

effect of biochar (B) from woody materials and gout manure (GM) on the growth and yield of peanut 

crops (Arachis hypogaea L.) in sandy soil. The experiment was in a randomized complete block design 

RCBD with three replicates. The treatments were controlled, 10 t ha-1 GM, 2 % B + 10 t ha-1 GM, and 

5 % B + 10 t ha-1 GM. The result showed that the addition of 2 % B + 10 t ha-1 GM increased peanut 

yield by 50 % while the addition of 5 % B + GM 10 t ha-1 increased peanut yield by 82 %. Without 

biochar, goat manure had yield increases by 25 % compared to a control. Overall, our findings 

demonstrate that biochar-goat manure combinations have a better performance than GM alone, in terms 

of yield and plant growth. For future research, we tend to determine the optimal combination of biochar 

and goat manure for peanut production. 

 Arachisالتأثير المشترك للفحم الحيوي والسماد العضوي )روث الماعز( على نمو وإنتاجية محصول الفول السوداني )

hypogaeaL) 

 خالد الزبير  وعبد السلام راسم *
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Introduction 

Peanut (Arachis hypogaea L.) is an annual legume crop that provides food and helps maintain soil fertility through nitrogen fixation [1] 

 المفتاحية: الكلمات

 الترب الرملية

 الفحم الحيوي 

 الفول السوداني

 روث الماعز

 نمو النبات

 الملخص 

اجية إلى انخفاض إنتتعاني التربة الرملية من مشاكل عديدة في خواصها الفيزيائية والكيميائية بالإضافة 

المحاصيل المزروعة. تم استخدام الفحم الحيوي والأسمدة العضوية في التجربة لتحسين خصوبة التربة، وتعزيز 

( نوع مواد خشبية Bإنتاجية المحاصيل، وحجز الكربون في التربة. أجريت الدراسة لمعرفة تأثير الفحم الحيوي )

( في التربة .Arachis Hypogaea Lول الفول السوداني )( على نمو وإنتاجية محصGMوروث الماعز )

بثلاثة مكررات. وأربعة معاملات،  RCBDالرملية. نفذت التجربة بتصميم القطاعات العشوائية الكاملة 

طن للهكتار  10 + (B) % 8(، وGMطن للهكتار ) 2 % (B) + 10، (GM)طن للهكتار  81الشاهد، 

(GM أظهرت النتائج أن إضافة .)2 % (B) + 10 ( طن للهكتارGM يزيد إنتاجية الفول السوداني بنسبة )

. بدون % 12( يزيد إنتاجية الفول السوداني بنسبة GMطن للهكتار ) 10 + (B) % 8بينما إضافة  % 81

مقارنة بالشاهد. بشكل عام  ٪ 28الفحم الحيوي وبوجود روث الماعز فقط زاد إنتاج الفول السوداني بنسبة 

 يحسن نمو وإنتاجية محصول الفول توضح الن
ً
تائج التي توصلنا إليها أن أضافة الفحم الحيوي وسماد الماعز معا

السوداني. بالنسبة للأبحاث المستقبلية، فإننا نميل إلى تحديد المزيج الأمثل من الفحم الحيوي وروث الماعز 

 لإنتاج الفول السوداني.
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The symbiotic relationship between leguminous crops and rhizobium 

bacteria is becoming increasingly important in the agriculture world, 

as this potentially leads to more sustainable agricultural systems, 

reducing requirements for chemical fertilizer, enhancing residual 

benefits to subsequent crops and increasing crop yields [2]. Globally, 

the consumption of peanuts is increasing at a rate of around 3 % per 

annum. In 2011/12, peanut production in the world was 35 million 

(United States Department of Agriculture). China, India, and the 

USA are the main producers, growing 16.0, 5.5, and 1.7 million tons, 

respectively, accounting for 45 %, 16 % and 5 % of the world’s total 

respectively [3]. 

Biochar is a carbon-rich product of burning biomass in the absence 

of oxygen (pyrolysis), and its potential to improve soil fertility and 

mitigate climate change has been recognized globally [4][5]. Biochar 

has a high proportion of recalcitrant C with hundreds to thousands of 

years of durability, making it a potentially effective soil C sink [6]. 

Biochar also has unique properties to improve soil productivity 

[7][8]. The porous physical structure of biochar induces a greater 

sorption capacity to conserve soil moisture and nutrients. The 

alkaline nature of many biochars makes such materials especially 

suitable for improving acidic soil [9]. Biochar made from specific  

feedstocks (e.g., manure) has high nutrient content and promotes 

plant growth [10][11][12].These agronomic benefits have been well 

demonstrated [13][14][15] especially on marginal and degraded soils 

[16][15]. However, the fundamental mechanisms by which biochar 

affects crop growth are insufficiently understood [17] 

Recently, biochar has become increasingly the subject of scientific 

and public interest. It is claimed that biochar can improve soil 

properties and agronomic performance, inspired by investigations of 

Terra Preta in Amazon [18]. Several studies showed that the biochar 

application to soil can influence soil properties (e.g. water holding 

capacity, pH, and microbial activity) [19][20] Further studies 

observed enhanced nutrient uptake by plants after biochar application 

[14]. In contrast, some authors reported no significant effects of 

biochar on soil properties, plant nutrition, or biomass production after 

biochar application under field conditions [21]. Until now, most 

biochar studies were performed with pure biochar under laboratory 

or greenhouse conditions or in tropical environments [15]. Biochar 

studies under field conditions often show contrasting results to those 

conducted in the laboratory [22]. Therefore, we conducted a field 

experiment to quantify the effects of biochar on plant growth when 

combined with organic fertilizers (goat manure). We amended sandy 

soils using biochar created from woody material and examined the 

performance of peanuts on biochar-amended soils in situ 

experiments. 

Material and methods 

Location and soil 

The field trial was conducted on the farm of Agriculture Facility, 

Sebha University, Libya. Latitude 26o58'21,58", Longitude 14o 26' 

23,85". The experimental land was not cultivated before. The soil is 

classified as sandy soil (American soil taxonomy; sand 92 %, silt 6.4 

%, clay 3.2 %). The mean annual precipitation is 22 mm and the mean 

annual temperature is 30oC (data source: World Weather Online 

https://www.worldweatheronline.com/). During our study though, 

the soil site had not received any rainfall. 

 

Experimental design and treatments 

The experiment was established in Summer 2022 and was in a 

randomized complete block design RCBD with three replicates. The 

treatments were controlled, 10 t ha-1 GM, 2 % B + 10 t ha-1 GM, and 

5 % B + 10 t ha-1 GM. Biochar was made in a hole on a micro-scale, 

ground into a powder of less than 0.5 mm particles, and stored in a 

sealed plastic bag until use. Biochar at the desired rates (2 or 5 % by 

weight) was hand applied to the soil surface and till to a depth of 15 

cm. Goat manure was obtained from a private farm, and composted 

for six months under optimum conditions of air and moist content. 

Other cultural operations were done as per recommendation and crop 

requirements. The soil samples of the experimental sites were taken 

at a depth of 30 cm. Some physical and chemical analyses are 

presented in Table (1): - 

Table 1. Chemical and physical properties of soil site. 

Sand Salt Clay pH EC O.M N P K 

%  dS m-1 % ppm 

93.65 3.64 2.80 7.2 0.48 0.44 9 3 80 

Sandy Neutral Very low Low Low low low 

Bouyoucos Hydrometer method 

(1952) 

Jackson 

(1958) 

Wilcox 

)1950( 

 

Walkey and Black 

(1934) 

Subbaih and Asija 

)1956) 

Olsen et al. 

)1954 ( 

 

Toth and Price 

)1949) 

 

The data on morphological, physiological, and yield characteristics 

were collected. First, we measured plant height (cm), the number of 

leaves, and the number of branches after 40 and 80 DAS. Then, the 

number of flowers and the number of pods were taken. Finally, plants 

were harvested and weighed for the pods, and the biomass. 

 

Statistical analysis 

 

All data were analyzed by statistical analysis software (SAS) version 

9.4. To test for significance, we use the analysis of variance 

(ANOVA). Treatment means were separated for significance using 

the Critical Difference (CD) test at P = 0.05.  

 

Results and dissection  

Effect of biochar on emergence percentage  

The effects of biochar on emergence percentage were found not 

significant as shown in Table (2), It seems that biochar has no effects 

on the emergence percentage of peanuts specifically, which agreed 

with [23]. However, a study showed that the emergence percentage  

of Robinia pseudoacacia L. seeds in biochar-treated soils reached a 

peak of 2 to 3 days faster than the control [24]. These results were 

compatible with a study done by [25] that observed the emergence 

percentage of tomato seeds show 2 to 3 days faster with biochar-

amended soil (data not published). Many studies have found no 

harmful effects of biochar on seed germinations or emergence 

percentage even with its nanoparticles [23]. 

 

Effect of biochar on peanut growth parameters 

The growth indices of peanuts were collected two times (40 and 80 

days after planting). Results are shown in Tables 2 and 3. Plant height 

was significantly affected by biochar addition at both measurements. 

The greatest increase in plant height relative to control was 58 % and 

63 %with the addition of 5 % B + 10 t ha-1 GM after 40 and 80 days 

respectively. The number of branches was significantly affected by 

biochar addition as well, with the maximum branches noticed at 5 % 

B + 10 t ha-1 GM.  On the other hand, no significant increase was seen 

in the number of leaves indicator. This may reflect an improvement 

https://www.worldweatheronline.com/
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in root morphology [26][27], or increase in nutrient retention and 

water-holding capacity [28]. 

 

 

Table 2. Effect of biochar and organic manure on growth 

parameter of peanuts after 40 DAS 

Treatment 
Emergence 

percentage   

Plant 

height 

Number of 

branches 

Number 

of leaves 

Control 4.000 14.333d 3.000b 4.000 

10 t ha-1 GM 3.666 18.666c 3.333b 3.666 

2 % B + 10 t 

ha-1 GM 
4.000 20.333b 3.666b 4.000 

5 % B + 10 t 

ha-1 GM 
4.333 22.666a 4.666a 4.333 

F-test NS S S NS 

CV % 26.676 3.167 10.169 24.653 

CD (P = 

0.05) 
- 1.206 0.745 - 

NS = nonsignificant, S = significant, CV= coefficient of variation and CD = Critical 

Difference   

Table 3. Effect of biochar and organic manure on growth 

parameter of peanuts after 80 DAS 

Treatment 
Plant 

height 

Number of 

branches 

Number of 

leaves 

Number 

of flowers 

Control 16.333d 4.333c 14.666d 1.666c 

10 t ha-1 GM 21.333c 5.666b 18.333c 2.333c 

2 % B + 10 t 

ha-1 GM 
24.333b 

6.333ab 

20.333b 4.333b 

5 % B + 10 t 

ha-1 GM 
26.666a 7.000a 

23.666a 6.666a 

F-test S S S S 

CV % 3.445 6.387 2.296 16.026 

CD (P = 0.05) 1.529 0.745 0.880 1.206 

 

A number of branches were significantly affected by biochar in 

both measurements (after 40 and 80 DAS) as shown in Tables 2 and 

3. Treatment of 5 % B + 10 t ha-1 GM gave the uppermost number of 

branches and considerably varied from control and manure 

treatments. Many studies have also reported that biochar affected 

plant growth in particular the number of branches [29][30][31].  

A number of leaves were not affected by biochar addition in the first 

measurement (after 40 DAS), but the effect was significant at the 

second measurement (after 80 DAS). 5 % B + 10 t ha-1 GM gave the 

highest number of leaves and differ significantly from other 

treatments. This enhancement in plant growth was also reported by 

[32][33][30][34] 

 

The number of flowers was high in a 5 % B + 10 t ha-1 GM treatment 

and statistically differ from other treatments. 2 % B + 10 t ha-

1GMtreatment had also changed the number of flowers and gave the 

second count of flowers and statistically differ from control and 

manure treatments Table (3(. It is noticeable that biochar could 

enhance plant flowering as a result increase plant yield. Many other 

studies have reported that biochar had an increase in plant growth and 

flowering  [29][34][35]. 

 

Effects of biochar on Peanut yield parameters 

The number of pods was significantly affected by biochar Table 4. 

The addition of 2 % and 5 % biochar increased peanut yield by 50 % 

and 82 % respectively compared to the control. Without biochar, goat 

manure increased peanut yield by 20 %. [35] reported that 10 t 

ha−1 biochar application combined with organic fertilizer in infertile 

soil increased peanut yield by 50 %. Similarly, the biochar 

application rate of 10 t ha−1 significantly increased peanut pod yield 

by 23 % compared to the inorganic fertilizer treatment [36] 

 

Table 4. Effect of biochar and organic manure on yield attribute, 

yield of peanut crop 

Treatment 
Number 

of pods 

Weight of 

pods q/h 

Straw 

yield q/h 

Harvest 

index 

Control 9.666d 11.41d 30.90d 37.00c 

10 t ha-1 GM 19.000c 14.29c 34.50c 41.43b 

2 % B + 10 t 

ha-1 GM 
22.333b 17.12b 39.60b 43.23ab 

5 % B + 10 t 

ha-1 GM 
26.666a 20.80a 45.90a 45.46a 

F-test S S S S 

CV % 7.237 2.737 2.783 3.597 

CD (P = 0.05) 2.808 0.865 2.098 2.994 

 

The weight of pods as shown in Table 4, was significantly affected 

by biochar. As seen with the number of leaves, number of branches, 

and the number of flowers, 5 % B + 10 t ha-1 GM gave the greatest 

number of pods. The result is in agreement with [35][37][30]. 

The straw yield was also affected by biochar (Table 4). The addition 

of 5 % B + 10 t ha-1 GM cause a 50 % increase in straw yield 

compared to the control. Biochar enhanced most of the growth and 

yield parameters measured which was also noticed by other studies 

[36][38][31][39][22][27]. 

The harvest index was high in 5 % B + 10 t ha-1 GM treatment and 

vary significantly from other treatments Table 3. Adding less biochar 

(2 %) would not increase harvest much when 10 t ha-1 GM was added. 

In general, biochar improved plant yield and production here and 

elsewhere [32][37]. 

 

Conclusion 

The objective of this study was to evaluate the effects of biochar in 

combination with goat manure on peanut yield in sandy soil. Results 

showed that biochar had the potential to improve peanut yield when 

organic fertilizer was practiced for growers. Our study conclude that 

a high dose of biochar (5%) gave the highest peanut yield which 

increased the yield by 82 %. In connection with this study, many 

studies reported that biochar increased plant productivity, with an 

average yield increase between 10 % to 42 % [40]. The following 

study should determine if applying more levels of biochar (for 

example 10 % and 20 %) would increase peanut yield.  

 

Acknowledgements 

The authors are thankful to the Agriculture Collage of Sebha 

University for supporting this work and Authors thank anonymous 

reviewers for their valuable comments and constructive suggestions 

towards substantial improvement of this article and the organizers of 

the sixth international conference of Sebha University. 
 

REFERENCE  
[1]- Bogino, P., Banchio, E., Rinaudi, L., Cerioni, G., Bonfiglio, C., 

and Giordano, W. (2006). Peanut (Arachis hypogaea) response 

to inoculation with Bradyrhizobium sp. in soils of Argentina. 

Annals of applied biology, 148(3):207-212. 

[2]- Giller, K. E. (2001). Nitrogen fixation in tropical cropping 

systems. CAB Publishing, Wallingford, UK. 

[3]- USDA, (2012) United States Department of Agriculture 

National Agricultural Statistics Service, Washington. 

[4]- Joseph, S., and Lehmann, J. (2009). Biochar for environmental 

management: science and technology (no. 631.422 B615bi). 

London, GB: Earthscan. 

[5]- Woolf, D., Amonette, J. E., Street-Perrott, F. A., Lehmann, J., 

and Joseph, S. (2010). Sustainable biochar to mitigate global 

climate change. Nature communications, 1(1): 56-64. 

[6]- Kuzyakov, Y., Bogomolova, I., and Glaser, B. (2014). Biochar 

stability in soil: decomposition during eight years and 

transformation as assessed by compound-specific 14C analysis. 

Soil Biology and Biochemistry,70: 229-236. 



The combined effect of biochar and organic fertilizer (goat manure) on the growth and yield of peanut crop…                         Rassem & Elzobair 

JOPAS Vol.22 No.  3 2023                                                                                                                                                                           175 

[7]- Glaser, B., Lehmann, J., Steiner, C., Nehls, T., Yousaf, M., and 

Zech, W. (2002). Potential of pyrolyzed organic matter in soil 

amelioration. In 12th ISCO conference’. Beijing 421: p. 427. 

[8]- Thies, J. E., and Rillig, M. C. (2012). Characteristics of biochar: 

biological properties. In Biochar for environmental 

management pp. 117-138. Routledge. 

[9]- Novak, J. M., Busscher, W. J., Watts, D. W., Amonette, J. E., 

Ippolito, J. A., Lima, I. M., and Schomberg, H. (2012). Biochars 

impact on soil-moisture storage in an ultisol and two aridisols. 

Soil Science,177(5): 310-320. 

[10]- Hass, A., Gonzalez, J. M., Lima, I. M., Godwin, H. W., 

Halvorson, J. J., and Boyer, D. G. (2012). Chicken manure 

biochar as liming and nutrient source for acid Appalachian soil. 

Journal of Environmental Quality, 41(4): 1096-1106. 

[11]- Lentz, R. D., and Ippolito, J. A. (2012). Biochar and manure 

affect calcareous soil and corn silage nutrient concentrations and 

uptake. Journal of environmental quality,41(4): 1033-1043. 

[12]- Uzoma, K. C., Inoue, M., Andry, H., Fujimaki, H., Zahoor, A., 

and Nishihara, E. (2011). Effect of cow manure biochar on 

maize productivity under sandy soil condition. Soil use and 

management,27(2): 205-212. 

[13]- Kookana, R. S., Sarmah, A. K., Van Zwieten, L., Krull, E., and 

Singh, B. (2011). Biochar application to soil: agronomic and 

environmental benefits and unintended consequences. Advances 

in agronomy, 112: 103-143. 

[14]- Lehmann, J., Rillig, M. C., Thies, J., Masiello, C. A., Hockaday, 

W. C., and Crowley, D. (2011). Biochar effects on soil biota–a 

review. Soil biology and biochemistry, 43(9): 1812-1836.  

[15]- Spokas, K. A., Cantrell, K. B., Novak, J. M., Archer, D. W., 

Ippolito, J. A., Collins, H. P., and Nichols, K. A. (2012). Biochar: 

a synthesis of its agronomic impact beyond carbon sequestration. 

Journal of environmental quality,41(4): 973-989. 

[16]- Jeffery, S., Verheijen, F. G., van der Velde, M., and Bastos, A. 

C. (2011). A quantitative review of the effects of biochar 

application to soils on crop productivity using meta-analysis. 

Agriculture, ecosystems and environment, 144(1): 175-187. 

[17]- Sohi, S. P., Krull, E., Lopez-Capel, E., and Bol, R. (2010). A 

review of biochar and its use and function in soil. Advances in 

agronomy, 105: 47-82. 

[18]- Glaser, B., and Birk, J. J. (2012). State of the scientific 

knowledge on properties and genesis of Anthropogenic Dark 

Earths in Central Amazonia (terra preta de Índio). Geochimica 

et Cosmochimica acta,82: 39-51. 

[19]- Atkinson, C. J., Fitzgerald, J. D., and Hipps, N. A. (2010). 

Potential mechanisms for achieving agricultural benefits from 

biochar application to temperate soils: a review. Plant and 

soil,337: 1-18. 

[20]- Elzobair, K. A., Stromberger, M. E., Ippolito, J. A., and Lentz, 

R. D. (2016). Contrasting effects of biochar versus manure on 

soil microbial communities and enzyme activities in an Aridisol. 

Chemosphere,142: 145-152 

[21]- Major, J., Rondon, M., Molina, D., Riha, S. J., and Lehmann, J. 

(2010). Maize yield and nutrition during 4 years after biochar 

application to a Colombian savanna oxisol. Plant and soil, 333: 

117-128. 

[22]- Liu, X., Zhang, A., Ji, C., Joseph, S., Bian, R., Li, L., and Paz-

Ferreiro, J. (2013). Biochar’s effect on crop productivity and the 

dependence on experimental conditions—a meta-analysis of 

literature data. Plant and soil,373: 583-594. 

[23]- Zhang, K., Wang, Y., Mao, J., and Chen, B. (2020). Effects of 

biochar nanoparticles on seed germination and seedling growth. 

Environmental pollution,256: 113409. 

[24]- Bu, X., Ji, H., Ma, W., Mu, C., Xian, T., Zhou, Z., and Xue, J. 

(2022). Effects of biochar as a peat-based substrate component 

on morphological, photosynthetic and biochemical 

characteristics of Rhododendron delavayi Franch. Scientia 

Horticulture,302: 111148. 

[25]- Elzobair, K. A. (2017) A field study on the tomato crop in Wadi 

Ataba (Unpublished work). 

[26]- Berek, A. K., and Hue, N. V. (2013). Improving soil 

productivity with biochars. Annual report, ICGAI, Yogyakarta, 

Indonesia, 1-23. 

[27]- Zheng, J., Wang, S., Wang, R., Chen, Y., Siddique, K. H., Xia, 

G., and Chi, D. (2021). Ameliorative roles of biochar-based 

fertilizer on morpho-physiological traits, nutrient uptake and 

yield in peanut (Arachis hypogaea L.) under water stress. 

Agricultural Water Management,257:107129.  

[28]- Wang, B., Gao, B., Zimmerman, A. R., Zheng, Y., and Lyu, H. 

(2018). Novel biochar-impregnated calcium alginate beads with 

improved water holding and nutrient retention properties. 

Journal of environmental management, 209: 105-111. 

[29]- Alwan, S. H., Owen, M. A., Omar, O. A., and Salih, Z. K. 

(2023). Effect of Biochar Application and Foliar Application of 

Gibberellin and Cytokinin on Growth and Flowering of Chinese 

Carnations Dianthus chinensis. In IOP Conference Series: Earth 

and Environmental Science1158(4): p. 042016). IOP Publishing. 

[30]- Garamu, T. (2019). Effect of different source and rates of 

biochar application on the yield and yield components of 

mungbean on the acidic soil in western Ethiopia. Academic 

Research Journal of Agricultural Science and Research,7(7): 

530-538.  

[31]- Wisnubroto, E. I., Utomo, W. H., and Indrayatie, E. R. (2017). 

Residual effect of biochar on growth and yield of red chili 

(Capsicum annum L.). Journal of Advanced Agricultural 

Technologies, 4(1). 28-31. 

[32]- Rahayu, M., Nurmalasari, A. I., and Aini, N. N. (2022, April). 

Effect of various types and doses of biochar on hybrid maize 

growth. In IOP Conference Series: Earth and Environmental 

Science 1016(1): p. 012053). IOP Publishing. 

[33]- Eche, C. O., and Okafor, O. E. (2020). Control potential of 

some indigenous biochars against Meloidogyne incognita 

[(Kofoid and White) Chitwood] in tomato (Solanum 

lycopersicum L.). Journal of Entomology and Nematology, 

12(2): 32-38. 

[34]- Conversa, G., Bonasia, A., Lazzizera, C., and Elia, A. (2015). 

Influence of biochar, mycorrhizal inoculation, and fertilizer rate 

on growth and flowering of Pelargonium (Pelargonium zonale 

L.) plants. Frontiers in plant science, 6: 429. 

[35]- Elangovan, R. and Sekaran, N. Chandra (2014). Effect of 

biochar application on growth, yield and soil fertility status in 

cotton. Asian Journal of Soil Science.,9(1): 41-49.  

[36]- Wu, P., Ata-Ul-Karim, S. T., Singh, B. P., Wang, H., Wu, T., 

Liu, C., and Chen, W. (2019). A scient metric review of biochar 

research in the past 20 years (1998–2018). Biochar, 1: 23-43. 

[37]- Xu, C. Y., Hosseini-Bai, S., Hao, Y., Rachaputi, R. C., Wang, 

H., Xu, Z., and Wallace, H. (2015). Effect of biochar 

amendment on yield and photosynthesis of peanut on two types 

of soils. Environmental Science and Pollution Research,22: 

6112-6125. 

[38]- Tian, X., Li, C., Zhang, M., Wan, Y., Xie, Z., Chen, B., and Li, 

W. (2018). Biochar derived from corn straw affected availability 

and distribution of soil nutrients and cotton yield. Plos One, 

13(1): 1-19. 

[39]- Ngulube, M., Mweetwa, A. M., Phiri, E., Njoroge, S. M. C., 

Chalwe, H., Shitumbanuma, V., and Brandenburg, R. L. (2018). 



The combined effect of biochar and organic fertilizer (goat manure) on the growth and yield of peanut crop…                         Rassem & Elzobair 

JOPAS Vol.22 No.  3 2023                                                                                                                                                                           176 

Effects of biochar and gypsum soil amendments on groundnut 

(Arachis hypogaea L.) dry matter yield and selected soil 

properties under water stress. African Journal of Agricultural 

Research,13(21): 1080-1090. 

[40]- Joseph, S., Cowie, A. L., Van Zwieten, L., Bolan, N., Budai, A., 

Buss, W., and Lehmann, J. (2021). How biochar works, and 

when it doesn't: A review of mechanisms controlling soil and 

plant responses to biochar. GCB Bioenergy, 13(11): 1731-1764. 


