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Summary 
           The study was conducted in the field of the tourist forest area of the 
College of Agriculture and Forestry / University of Mosul, During the 2024-
2025 growing season, the study included three factors: The first factor: Three 
levels of drip irrigation (50, 75, 100) % of the field capacity, The second 
factor: two levels of biochar (0, 0.5) %, The third factor: two types of Foreign 
lettuce (Nader, Rama). Biochar was added to the soil at the preparation stage 
before preparing the seedlings for planting. Thus, the experiment included 12 
treatments (3*2*2) in each replicate and three replicates (36 treatments in the 
experiment). The study was conducted using a factorial experiment within 
split plots. In a randomized complete block design (R.C.B.D), the cultivars 
were placed in the main plots while the irrigation levels and biochar levels 
were randomly distributed in the sub plots. 

The results were statistically analyzed according to the design used, and the 
average was compared using Duncan's multiple range test at a probability 

 

The results were summarized as follows: 

Physical characteristics:

- Adding 0.5% biochar to the soil resulted in % decrease in apparent 
density compared to the treatment without biochar to the soil. The apparent 
density before and after addition reached (1.55 and 1.42) Mg cm-3, 
respectively. 

- The study showed that adding biochar to the soil at a level of 0.5% increased 

soil porosity. The soil porosity value reached  % in the treatment without 

addition, while the porosity value after addition reached %. 

- The saturated water conductivity in the treatment without adding biochar to 
the soil reached (0.626) cm hr-1. At the same time, its value increased 
significantly when adding biochar to the soil at a level of 0.5% to ( ) cm 
hr-1. 

- The addition of biochar to the soil at a rate of 0.5% led to a significant 
increase in the Atterberg limits, specifically the liquid limit and positive 
increase in plastic limit, compared to the control treatment without biochar 



Summary  

b 

 

application. The liquid and plastic limits prior to biochar incorporation were 
40.68 and 29.10%, respectively, whereas following biochar addition, these 
values increased to 43.52 and 30.84%, respectively. When biochar was added 
at a rate of 0.5%, both the plasticity index and clay activity increased 
significantly, reaching values of 12.68% and 0.246, respectively incontrast, 
without the addition of biochar, the values were 11.58% and 0.225, 
respectively. 

- Aggregate stability values increased signifcantly when biochar was added to 
the soil compared to when no biochar was added to the soil, with different 
sieve diameters used. Aggregate stability values, respectively, for each sieve 

when biochar was added were 86.219, 15.291, 0.439, 0.150, 0.039) % while 

aggregate stability values when no biochar was added to the soil were (78.842, 
5.006, 0.079, 0.093, 0) % respectively. 

- Adding 0.5% of biochar to the soil significatly increased the weighted 

diameter by mm compared to adding no biochar to the soil. However, 

after adding biochar to the soil, the value of this characteristic reached 

mm. 

- The values of volumetric water content before the addition of biochar to the 
soil were (0.526, 0.464, 0.339, 0.290, 0.253, 0.239, 0.210, 0.171, 0.138) cm³ 

1500) kPa, respectively. In contrast, these values increased after the addition 
of biochar to (0.549, 0.483, 0.344, 0.315, 0.267, 0.251, 0.236, 0.184, 0.147) 

 

Vegetative growth characteristics and yield: 

- Plants grown under irrigation levels of 75 and 100% of field capacity 
showed a positive increase in each of the traits of leaf chlorophyll content, 
plant height, and head circumference. However, they did not reach the 
level of significant compared to plants grown under conditions of 50% of 
field capacity. The effects at these two levels (75 and 100%) reached the 
level of significant in each of the traits of head weight and total yield of 
heads compared to the level of 50% of field capacity, as the values of these 
traits at these two levels reached 785.42 and 817.50 g head-1 and 7.8542 
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and 8.1750 kg m2, respectively, for each irrigation level and each trait. 
The best treatment in terms of these two traits was achieved in the case of 
plants grown at 100% field capacity, as the head weight and total yield 
reached the highest significant values. 

- Plants that had biochar added to their soil at a level of 0.5% compared to 
plants that had no biochar added to their soil, that is at a level of 0% 
biochar, showed positive increases in some traits and significant increases 
in other characteristics. Among the traits that increased positively when 
biochar was added were the chlorophyll content of leaves and the 
percentage of dry matter in leaves, as the values of these traits reached 
32.638SPAD and 6.1594%, respectively, for each trait. Its addition led to 
a significant increase in the number of leaves, head circumference, head 
weight, and total head yield, as the values of these traits reached 49.500 
leaves/plant-1, 58.3889 cm head-1, 821.67 g head-1, and 8.2167 kg m2, 
respectively. 

- Rama cultivar plants were significantly superior to Nader cultivar plants 
in the traits of chlorophyll content of leaves, plant height, number of 
leaves, head weight and total yield of heads, as the values of these traits 
in the significantly superior cultivar reached, respectively, for each trait, 
34.833 SPAD, 35.4723 cm plant-1, 49.278 leaves plant-1, 825.56 g head-1 
and 8.2556 kg m2. 

- Significant effects appeared in the case of binary and triple interactions in 
most of the studied traits. In general, the best binary interaction 
coefficients in head weight and heads yield were reached as follows: In 
the case of interaction between irrigation levels and biochar levels, the 
best interaction treatment in the two traits mentioned above was reached 
in the case of interaction of 100% irrigation level of field capacity with 
0.5% biochar level, as these two interaction traits reached 886.67 g head-

1 and 8.8667 kg m2. 

- In the case of interaction irrigation levels with cultivars, the best 
interaction treatment was achieved at 75% of field capacity irrigation with 
Rama plants, reaching 847.50 g head-1 and 8.4750 kg m-2. 
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- Regarding the interaction of biochar levels with cultivars, the best 
interaction treatment was recorded at 0.5% irrigation level with Rama 
plants, reaching values of 856.67 g head-1 and 8.5667 kg m-2. 

- The best triple-interaction in head weight and total head yield was 
achieved at 100% of field capacity irrigation with 0.5% biochar addition 
with Rama plants, reaching values of 900.00 g head-1 and 9.0000 kg m-2. 
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