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ABSTRACT 

Different mixture proportions of black cumin (Nigella sativa L.) and fenugreek (Trigonella 

feonum-graecum L.) at ratios 1:1, 1:2, 2:1 and 1:3 on alternative rows were compared with the sole 

cropping of each component during 2016/2017 and 2017/2018 consecutive seasons under different 

NPK foliar fertilization rates (0, 3 and 6 g/l) and their interaction treatments on growth, yield 

components and some active ingredients as well as some competitive indices of black cumin and 

fenugreek were determined. This experiment was carried out at the Experimental Farm, Faculty of 

Agriculture, Zagazig University, Egypt. The twelve treatments were arranged in split-plot design 

with three replicates, where cropping systems were distributed in the main plots, while NPK foliar 

fertilization rates were randomly arranged in the sub-plots. The obtained results referred to that most 

intercropping systems increased the most of recorded parameters of both components compared to 

black cumin or fenugreek sole crops in the first and second seasons. Also, the same trend was 

achieved by foliar fertilization at 6 g/l compared to untreated plants. Generally, the maximum 

increase in land equivalent ratio (LER) and area time equivalent ratio (ATER) as well land 

utilization efficiency percentage (LUE %) were obtained from the treatment of 1:1 and 1:3 

intercropping systems without foliar fertilization in both seasons compared with the other ones under 

study. In all mix-proportions, black cumin was the dominant specie with positive aggressivity values 

whereas fenugreek showed that it was the dominated one with the negative values in this concern. 

Competitive ratio (CR), indicating that black cumin was more competitive (CR > one) than 

fenugreek (CR < one) in all proportions with fenugreek. 

Introduction 

Intercropping is the simultaneous growing of two or more components in the same field. Farmers 

practice different intercropping systems to increase growth and productivity and sustainability 

(Hauggard-Nielson et al., 2001). Cropping system characteristics can fundamentally alter the biotic 

features of an agri-system and could modify the life cycle of pests and weeds (Banik et al., 2006). 

Multiple cropping (i.e. intercropping or mixed cropping) plays an important role in agriculture because 

of the effective utilization of resources, significantly enhancing crop growth and productivity compared 

with that of solid crops (Li et al., 2001). 

N, P, and K as macronutrients, are often classified as primary macronutrients, because 

deficiencies of nitrogen, phosphorus and potassium are more common than the secondary 

macronutrients, Ca, Mg, and S. Most of the macronutrients are represent 0.1 to 5%, or 100 to 5000 parts 

per million (ppm), of dry plant tissue (Wiedenhoeft, 2006). 

Nigella sativa, L. (black cumin) plant belongs to Ranunculaceae family, common known as black 

cumin is cultivated for seed yield, oil production and medicinal uses. The whole seeds contain about 

30- 35 % of fixed oil which has several uses for pharmaceutical and food industries (Ustun et al., 1990). 

The black cumin seed cake is a by-product obtained from the black cumin seeds with cold pressing and 

it is used in the production of bio-oil (Sen and Kar, 2012). 
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Trigonella foenum-graecum L. (fenugreek) is member of Leguminosae (Fabaceae) family and 

it has many medicinal uses in the history of old civilizations. Egyptians use fenugreek for 

embalming their prestigious majestic dead bodies while Romans and Greek were found to use it as 

cattle fodder (Newall, 1996). Leaves and seeds of fenugreek are consumed in different countries for 

different purposes such as medicinal uses, making food, roasted grain as coffee-substitute (in 

Africa), controlling insects in grain storages, and perfume industries around the world. Fenugreek 

can be a very useful legume crop for incorporation into short-term rotation and for hay and silage for 

livestock feed, for fixation of nitrogen in soil and its fertility, and etc (Sadeghzadeh-Ahari et al., 

2009). 

Thus the objectives of the present work were to examine the effect of foliar fertilization rate, 

intercropping system and their interaction treatments on growth, yield components and active 

ingredients of black cumin and fenugreek. Moreover, evaluating the efficiency of investigated 

intercropping systems for better management of resources b y  using some competitive indices 

under Sharkia governorate conditions. 

Materials and methods: 

Field experiment was conducted at the Experimental Farm, Faculty of Agriculture (Ghazala 

Farm, Fig.1), Zagazig University during the two seasons of 2016/2017 and 2017/2018. Seeds of both 

black cumin and fenugreek were obtained from Research Centre of Medicinal and Aromatic Plants, 

Dokky, Giza and were sown on 8th and 14th October during the first and second seasons, 

respectively. Seeds were sown and then immediately irrigated. After three weeks from sowing, 

seedlings were thinned to be two plants / hill for both crops. The mechanical and chemical properties of 

the experimental farm soil site are shown in Table 1 according to Chapman and Pratt, (1978). 

Table 1: Physical and chemical properties of the experimental farm soil site 

Mechanical analysis 

Clay (%) Silt (%) Fine sand (%) Coarse sand (%) Soil texture 

46.50 26.10 10.52 16.88 Clay 

Chemical analysis 

pH 
E C. 

(m.mohs/ cm) 

Organic 

mater (%) 

Soluble cations(meq. / l) Soluble anions (meq. / l) 
Available 

(ppm) 
Mg++ Ca++ K + Na + Cl - HCO3 - SO4- - N P K 

7.89 1.2 1.69 2.9 1.5 1.4 3.9 4.4 1.6 3.2 246 50 170 

Fig. 1: Study site location in Zagazig County, Sharkia Governorate, Egypt 

This experiment included 12 treatments, which were the combinations between four 

intercropping systems and three foliar fertilization rates which were; control (without foliar 

fertilization), 3 and 6 g/l of commercially fertilizer solution (Mega NPK), which consists of the 

following minerals: N (19 %) – P2O5 (19%) – K2O (19%) as well as MgO (1%) which obtained from 

United Agriculture Agro Group (UAG). The intercropping system treatments were as follows: 
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Sole cropping of each of black cumin and fenugreek. Such treatments were used as control for both crops. 

1- Intercropping system of 1: 1; since planting one row of black cumin alternated with one row of 

fenugreek. Such pattern provides the proportional area of 50: 50 to each of black cumin and 

fenugreek, respectively. 

2- Intercropping system of 1: 2; since planting one row of black cumin alternated with two rows of 

fenugreek. Such pattern provides the proportional area of 33.3: 66.7 to each of black cumin and 

fenugreek, respectively. 

3- Intercropping system of 2: 1; since planting two rows of black cumin alternated with one row of 

fenugreek. Such pattern provides the proportional area of 66.7: 33.3 to each of black cumin and 

fenugreek, respectively. 

4- Intercropping system of 1: 3; since planting one row of black cumin alternated with three rows of 

fenugreek. Such pattern provides the proportional area of 25: 75 to each of black cumin and 

fenugreek, respectively. 

The plot area was 7.20 m2 (2.00 × 3.60 m) included six rows; each row was 60 cm apart and two 

meters in length. The seeds were sown in hills on one side of ridge for black cumin and on the two sides 

for fenugreek. The distances between hills were 25 and 20 cm for black cumin and fenugreek crops, 

respectively. The treatments were arranged in a split-plot design with three replicates, where cropping 

system treatments were randomly distributed in the main plots, while fertilization rates were randomly 

arranged in the sub-plots. 

All plots were fertilized with nitrogen, phosphorus and potassium fertilizers at the rate of 150 

kg/fed. of ammonium sulphate (20.5 % N), 200 kg/fed. of calcium superphosphate (15.5 % P2O5) and 

50 kg/fed. of potassium sulphate (50% K2O), respectively. Phosphorus and potassium fertilizers were 

added during soil preparation as soil dressing application. While, nitrogen fertilizer was divided into 

three equal portions and added to the soil at 35, 55 and 75 days after sowing. Both tested crops 

received the normal agricultural practices whenever they needed. 

Data Recorded: 

Plant growth parameters: 

Plant height (cm), number of branches/plant and total plant dry weight (g) of both crops were 

estimated (at 85 days after sowing for each crop) by taking three randomly guarded plants from each 

experimental unit. 

Yield and its components: 

At harvesting stage, after 155 days for black cumin and 120 days for fenugreek, capsule number 

of black cumin as well pod number per fenugreek plant, seed yield/plant (g) from 12 plants of each 

replicate were determined and then total seed yield/fed (kg) was calculated for black cumin and 

fenugreek plants. 

Chemical and active ingredients analysis: 

After harvesting, a sample of seeds for black cumin and fenugreek, were randomly taken from 

each treatment for chemical analysis. The volatile from air-dried seeds of black cumin plant was isolated 

by hydro-distillation for 3 hr in order to extract the essential oils according to Guenther (1961). Seed 

fixed oil of black cumin and fenugreek was extracted using petroleum ether in a Soxcelt system HT 

apparatus according to the methods of A.O.A.C. (1984). Total carbohydrate percentage was determined 

according to the method described by Dubois et al. (1956). Total chlorophyll content (SPAD unit) was 

determined in black cumin and fenugreek fresh leaves by using SPAD- 502 meter (Markwell et 

al.,1995). The trigonelline content (mg / 100 gm) in seeds of fenugreek was determined according to 

the equation; trigonelline alkaloid= absorbance of test at 268 nm/absorbance of standard 

(Gorham,1986), then trigonelline content per plant (g) was calculated through multiply trigonelline 

percentage by seed yield per fenugreek plant. 

Amino acids analysis: 

Total amino acids composition of sole black cumin, sole fenugreek, (1:1 system), and (1:3 

system) seeds protein hydrolysate during the second season were determined by amino acid analyzer 

apparatus model "Eppendorf LC3000" (Simpson et al., 1976) using the following steps: A known 

weight (0.2 g) of each sample was received 10 ml 6 N hydrochloric acid in a sealing tube, and then 

placed in oven at 110°C for 24 hr. Hydrolysates were transferred quantitatively into a porcelain dish 

and the hydrochloric acid was then evaporated to dryness at 50-60°C on a water bath. Distilled water 
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(5 ml) was added to the hydrolysate and then evaporated to dryness to remove the excess of 

hydrochloric acid and finally the residue was dissolved in 10 ml distilled water and filtrate through 

0.45 mm filter. The filtrate was dried under vacuum with a rotary evaporator, then 10 ml of distilled 

water were added and the samples were dried a second time. One ml of 0.2 N sodium citrate buffer 

at pH 2.2 was added and the samples were stored frozen in a sealed vial until separation of amino 

acids by amino acid analyzer (Column : hydrolysate column Eppendorf LC 3000 (250 × 4.6). The 

temperature of amino acid analyzer was 47°C; Sample: 20 μl; Buffer system: Sodium acetate, buffer 

A (pH 3.3), buffer B (pH 3.6), buffer C (pH 4.3) and buffer D (pH11.0); Flow rate: 0.2 ml/min.). 

Ninhydrin was used for the detection of amino acids at 440 nm forproline and 570 nm for the other 

amino acids through an oxidative decarboxylation reaction. The peak area and percentage of each 

amino acid were calculated by computer software AXXIOM CHROMATOGRAPHY- 727. 

Competitive indices: 

Land Equivalent Ratio (LER) 

This indicator gives an indication to the relative land area required, as sole cropping, to produce 

the same yields achieved by intercropping. The value of unity (one) is the critical value, however, when 

the land equivalent ratio is greater than one the intercropping favors the growth and yield of the species. 

On contrast, when LER is lower than one the intercropping negatively affects the productivity of the 

plants grown in mixture. It was determined for black cumin and fenugreek seed yield per feddan 

according to the equation as follows: LER = Lb + Lf 
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where Ybb and Yff are the yields per feddan of black cumin and fenugreek, respectively, as sole crops 

and Ybf and Yfb are the yields of black cumin and fenugreek, respectively, as intercrops components 

(Mead and Willey, 1980). 

Area Time Equivalent Ratio (ATER) 

It was calculated according to Hiebsch and McCollum (1987) equation as follows: 
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Where: Ybf = Intercrop yield of black cumin, Ybb = Sole yield of black cumin, Yfb = Intercrop yield 

of fenugreek, Yff = Sole yield of fenugreek, tb = The duration of black cumin in days, tf = The duration 

of fenugreek in days and T = The total duration of intercropping system in days. 

Land Utilization Efficiency (LUE %) 

By using LER and ATER indices values, the land utilization efficiency (LUE %) was calculated 

according to Mason et al. (1986) equation as follows: 

Aggressivity (A): 

Aggressivity values were calculated according to Mc Gilchrist (1965) equation as follows: 

1. For combination of 50:50 and 100:100, they were calculated according to the following

equations: 
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Competitive ratio (CR): it is another way to assess competition between different species. The CR 

gives a better measure of competitive ability of the crops and is also advantageous as an index over 

aggressivity (Willey and Rao, 1980). The competitive ratio represents simply the ratio of individual 

LERs of the two components (black cumin and fenugreek) and takes into account the proportion of the 

crops in which they are initially sown. The CR is calculated according to the following formula: 

)(

fenugreek  

cuminblack 
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 LER
    cuminblack  CR
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Experimental Design and Statistical Analysis 

The statistical layout of this experiment was split-plot in completely randomized block design. 

Intercropping system treatments were randomly distributed in the main plots, while fertilization rates 

were randomly arranged in the sub-plots. Each treatment was included three replicates. Each 

replicate contained six rows. Data were analyzed according to Gomez and Gomez (1984). Means of 

treatments were compared using least significant differences (LSD) test at 5 % level of probability 

(Walter and Duncan 1969). The means were compared using Statistix Software version 9 (Analytical 

Software, 2008). 

Results and Discussion 

Effect of intercropping systems, foliar fertilization rates and their interaction treatments on black 

cumin and fenugreek growth, yield components and some active ingredients 

Growth parameters of both crops: 

On perusal of data presented in Tables 2 and 3 shows that, some intercropping systems 

slightly increased plant height of both species. The tallest plants of both species were produced from 

1: 3 (in the first season) and 1: 1 (in the second season) systems. Most of intercropping systems 

significantly enhanced branch number of both plant species. The most pronounced systems in this 

respect were 1:1 for black cumin and 1:3 for fenugreek. All intercropping systems significantly 

elevated black cumin plant dry weight especially 1:1 system. Also, most of intercropping systems 

improved fenugreek plant dry weight especially the system of 1:3. These results are similar to those 

stated by Singh et al. (2018) on sugarcane when intercropped with potato and Gore et al. (2018) on 

Safed mulsi intercropped with Pigeon pea. Such result could be attributed to that in legume 

(fenugreek) / non-legume (black cumin) intercropping systems, plants benefit from the direct transfer 

of fixed N2, as reported by Graham and Vance (2000). Moreover, both foliar fertilization rates (3 or 6 

g/l) significantly increased the above mentioned parameters of both components compared to control 

(Tables 2 and 3). The maximum increases in this connection were obtained from the treatment of the 

highest rate of foliar fertilization (6 g/l) compared with the other ones under study. These results are 

in line with those reported by Narkhede et al. (2011) on chilli plant and Shree et al. (2018) on bitter 

gourd plant. It is well known that chemical fertilizers could improve plant growth parameters due to 

the role of nitrogen in nucleic acids and protein synthesis, and phosphorus as an essential component 

of the energy compounds (ATP and ADP) and phosphoprotein, also the role of potassium as an 

activator of many enzymes (Helgi and Rolfe, 2005). 

Furthermore, all interaction treatments between intercropping systems and NPK fertilization rates 

were significantly increased plant height and branch number per plant as well as total dry weight of 

black cumin or fenugreek with compared with control (sole crop pattern without NPK fertilization 

addition) in both seasons, in most cases. In most cases, the tallest black cumin plants were recorded 

with the intarcation treatment of 1:3 intercropping system + 6 g/l NPK fertilizer. While, the 

maximum No. of branches/plant and dry weight of black cumin were detected with 1:1 intercropping 

system fertilized with 6 g/l NPK fertilizer. On the other side, the ultimate values of the above 

mentioned characters were obtained when 1:3 intercropping system was used combined with 6 g/l 

NPK fertilizer. The increases in the above mentioned parameters due to interaction between 

intercropping systems and foliar fertilization rates might be attributed to the reduction in inter and 

intra competition between black cumin and fenugreek plants for nutrients especially NPK elements as 

reported by Abdelkader and Hamad (2015). It is clear that at the highest foliar fertilization rate (6g/l), 

there was little competition between both components on nutrients which resulted in the maximum 

values of plant height, number of branches and dry weight per plant of both crops.  
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Table 2: Effect of intercropping system, NPK foliar spray and their interaction treatments on some 

growth parameters of black cumin plant during the two seasons of 2016/2017- 2017/2018 

Treatments 

Growth Parameters 

Plant height (cm) Branch number/plant 
Total dry weight 

(g) 

Seasons Seasons Seasons 

1st 2nd 1st 2nd 1st 2nd 

Intercropping systems (Black cumin : fenugreek) 

Sole black cumin 52.22 55.56 10.00 10.11 28.60 28.28 

1 : 1 54.89 56.00 13.44 14.00 43.87 42.62 
1 : 2 49.78 49.00 10.44 10.33 33.81 31.34 

2 : 1 51.44 57.33 11.11 11.10 38.11 37.11 
1 : 3 56.56 52.22 12.33 12.44 40.17 40.49 

LSD at 5 % 1.72 2.11 0.73 0.64 0.77 1.12 

NPK foliar application (g/l) 

0.00 48.80 49.53 9.80 10.13 34.55 33.28 

3.00 53.67 54.00 11.93 11.73 37.21 36.07 
6.00 56.47 58.53 12.67 12.93 38.96 38.55 

LSD at 5 % 1.13 1.31 0.64 0.48 1.12 0.94 

Intercropping systems × NPK foliar application 

Intercropping NPK (g/l.) 

0.00 46.67 50.67 7.67 8.00 27.73 22.90 

Sole black cumin 3.00 55.00 57.00 10.67 9.67 29.87 29.60 

6.00 55.00 59.00 11.67 12.67 31.17 32.33 

0.00 51.00 51.33 12.00 12.33 40.47 39.47 

1 : 1 3.00 55.33 55.67 13.67 14.00 44.20 42.07 

6.00 58.33 61.00 16.67 15.67 46.93 46.33 

0.00 46.33 45.67 8.67 8.67 32.10 30.00 

1 : 2 3.00 51.00 49.00 11.00 10.67 34.13 31.33 

6.00 52.00 52.33 11.67 11.67 35.20 32.80 

0.00 49.00 49.33 9.67 10.33 36.63 35.50 

2 : 1 3.00 50.33 50.67 11.67 11.33 37.77 36.73 

6.00 55.00 56.67 12.00 11.67 39.93 39.10 

0.00 51.00 50.67 11.00 11.33 38.83 38.53 

1 : 3 3.00 56.67 57.67 12.67 13.00 40.10 40.73 

6.00 62.00 63.67 13.33 13.00 41.57 42.20 

LSD at 5 % 2.69 3.19 1.37 1.08 2.18 2.05 

Table 3: Effect of intercropping system, NPK foliar spray and their interaction treatments on some 

growth parameters of fenugreek plant during the two seasons of 2016/2017- 2017/2018 

Treatments 

Growth Parameters 

Plant height (cm) Branch number/plant 
Total dry weight 

(g) 

Seasons Seasons Seasons 

1st 2nd 1st 2nd 1st 2nd 

Intercropping systems (Black cumin : fenugreek) 

Sole fenugreek 48.11 47.89 6.44 6.11 12.02 12.25 

1 : 1 50.22 53.67 7.89 7.89 12.87 13.27 
1 : 2 48.67 51.89 7.33 7.89 12.36 12.58 
2 : 1 43.33 44.78 6.22 6.89 11.72 11.66 

1 : 3 51.56 51.22 9.00 9.67 14.75 15.06 

LSD at 5 % 2.96 1.09 0.39 0.66 0.44 0.49 

NPK foliar application (g/l) 

0.00 46.13 46.93 5.93 6.47 12.06 12.13 

3.00 48.47 50.27 7.67 7.73 12.73 13.22 
6.00 50.53 52.47 8.53 8.87 13.44 13.53 

LSD at 5 % 1.20 1.18 0.42 0.53 0.29 0.41 

Intercropping systems × NPK foliar application 

Intercropping NPK (g/l.) 

Sole fenugreek 0.00 45.33 44.33 4.67 4.67 11.76 11.45 

3.00 
6.00 

48.33 
50.67 

48.00 
51.33 

6.67 
8.00 

6.00 
7.67 

11.78 
12.53 

12.41 
12.88 

0.00 50.67 52.00 6.67 7.33 12.30 12.93 
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1 : 1 3.00 50.00 54.00 8.33 8.00 12.67 13.02 

6.00 50.00 55.00 8.67 8.33 13.65 13.85 

0.00 48.00 49.67 5.67 6.00 11.74 12.01 

1 : 2 3.00 48.67 52.00 7.67 8.33 12.54 12.96 

6.00 49.33 54.00 8.67 9.33 12.79 12.78 

0.00 40.00 40.67 4.67 5.67 10.87 10.47 

2 : 1 3.00 43.67 46.00 6.33 6.67 11.89 12.38 

6.00 46.33 47.67 7.67 8.33 12.41 12.12 

0.00 46.67 48.00 8.00 8.67 13.65 13.81 

1 : 3 3.00 51.67 51.33 9.33 9.67 14.76 15.34 

6.00 56.33 54.33 9.67 10.67 15.85 16.03 

LSD at 5 % 3.68 2.41 0.85 1.18 0.68 0.90 

Yield components of both crops: 

Data in Tables 4 and 5 shows that the highest values of capsule number/black cumin plant were 

recorded with 1:1 intercropping system. Also, the same treatment and 1:3 system produced the 

maximum seed yield/plant without significant difference between both treatments. Moreover, the 

later treatment (1: 3 system) gained the ultimate, pod number and seed yield per fenugreek plant. In the 

other hand, seed yield per feddan of black cumin or fenugreek were decreased by using any of 

applied intercropping system compared to sole crop in both seasons. These results are in harmony 

with those found by Padma et al. (2018) on coconut intercropped with Cymbopogon martini. 

Table 4: Effect of intercropping system, NPK foliar spray and their interaction treatments on yield 

components of black cumin plant during the two seasons of 2016/2017- 2017/2018 

Treatments 

Yield components 

Capsule number / 
plant 

Seed yield / plant (g) Seed yield / feddan (Kg) 

Seasons Seasons Seasons 

1st 2nd 1st 2nd 1st 2nd 

Intercropping systems (Black cumin : fenugreek) 

Sole black cumin 10.00 10.78 3.14 3.18 176.15 178.27 

1 : 1 15.33 16.00 4.35 4.44 121.83 124.26 
1 : 2 11.44 11.78 3.81 3.88 71.18 72.40 

2 : 1 13.78 12.44 3.79 3.85 141.70 143.94 

1 : 3 12.11 14.33 4.32 4.41 60.43 61.82 

LSD at 5 % 0.92 0.67 0.18 0.23 6.97 7.44 

NPK foliar application (g/l) 

0.00 9.40 9.73 3.38 3.40 98.55 99.23 

3.00 12.53 13.13 3.91 4.03 115.23 118.59 
6.00 15.67 16.33 4.36 4.43 129.01 130.59 

LSD at 5 % 0.48 0.50 0.17 0.13 5.87 4.34 

Intercropping systems × NPK foliar application 

Intercropping NPK (g/l.) 

0.00 7.67 8.00 2.59 2.65 144.85 148.40 

Sole black cumin 3.00 9.67 11.00 3.26 3.33 182.37 186.67 

6.00 12.67 13.33 3.59 3.57 201.23 199.73 

0.00 11.33 12.00 3.97 3.92 111.16 109.67 

1 : 1 3.00 14.33 15.00 4.14 4.33 116.01 121.33 

6.00 20.33 21.00 4.94 5.06 138.32 141.77 

0.00 8.67 8.33 3.33 3.12 62.10 58.24 

1 : 2 3.00 12.00 12.67 3.88 4.15 72.49 77.40 

6.00 13.67 14.33 4.23 4.37 78.96 81.57 

2 : 1 
0.00 8.67 9.00 3.26 3.32 121.71 123.82 

3.00 12.33 12.33 3.84 3.88 143.24 144.98 

6.00 15.33 16.00 4.29 4.37 160.16 163.02 

0.00 10.67 11.33 3.78 4.00 52.92 56.05 

1 : 3 3.00 14.33 14.67 4.43 4.47 62.02 62.58 

6.00 16.33 17.00 4.74 4.77 66.36 66.83 

LSD at 5 % 1.27 1.13 0.36 0.34 12.77 10.86 

Such, result seems to be conflicted with the above mentioned result which suggested that 

intercropping system of black cumin + fenugreek (1:1 or 1:3) produced the highest values of seed yield 
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per black cumin and fenugreek plants, respectively. These paradoxical results can be interpreted in the 

light of that the higher population of black cumin plants within area unit (feddan) in sole safflower or 

fenugreek planting could be compensated the lack of seed yield per plant in these treatments 

compared with 1:3 or 1:2 ratios. 

In the mean time, yield components of black cumin and fenugreek were gradually increased with 

increasing foliar fertilization rate. Also, the highest rate of foliar fertilization (6 g/l) significantly 

increased yield components of both crops compared with the other ones under study during the two 

tested seasons. These results are in accordance with those reported by Njogu et al. (2015) on tea plant. 

Among different interaction treatments between intercropping systems and NPK fertilizer 

concentrations, the treatment of 1:1 system fertilized with 6 g/l NPK fertilizer proved to be the best 

for enhancing No. of capsules/black cumin plant, while the treatments of 1:1 or 1:3 combined with 6 

g/l NPK fertilizer gave the maximum seed yield/plant without significant difference between both 

treatments. concerning pod number and seed yield per fenugreek plant, the highest values of these 

parameters were gained with the interaction treatments of 1:1 system + 6 g/l NPK fertilizer and 1:3 

system + 3 or 6 g/l NPK fertilizer without significant differences among these treatments. Also, the 

maximum seed yield per feddan for both crops were produced from sole crop fertilized with 6 g/l 

NPK fertilizer. Total seed yield was decreased with all interaction treatments between intercropping 

patterns and foliar fertilization level compared with (sole crop system) in both seasons. This of 

course was attributed to greater plant density per unit area (feddan) which achieved with sole crop 

system. These results were demonstrated by Saleem et al. (2011) on maize-legume intercropping 

system since yield and yield attributes were evaluated under different fertility treatments. Also, 

Abdelkader and Hamad (2015) have been found similar results on safflower- fenugreek intercropped 

under NPK fertilization levels. 

Table 5: Effect of intercropping system, NPK foliar spray and their interaction treatments on yield 

components of fenugreek plant during the two seasons of 2016/2017- 2017/2018 

Treatments 

Yield components 

Pods number / plant Seed yield / plant (g) Seed yield / feddan (Kg) 

Seasons Seasons Seasons 

1st 2nd 1st 2nd 1st 2nd 

Intercropping systems (Black cumin : fenugreek) 

Sole fenugreek 12.00 11.33 5.23 5.07 731.89 710.58 
1 : 1 13.56 12.89 6.20 6.15 433.84 430.81 

1 : 2 11.78 12.44 5.66 5.55 528.06 518.31 
2 : 1 9.89 9.78 4.93 4.44 230.17 207.30 

1 : 3 14.56 14.44 6.67 6.59 700.93 692.07 

LSD at 5 % 0.73 0.53 0.38 0.25 28.76 21.72 

NPK foliar application (g/l) 

0.00 11.40 11.33 5.11 4.93 466.34 450.89 

3.00 12.27 12.33 5.83 5.55 531.50 513.25 
6.00 13.40 12.87 6.27 6.21 577.10 571.31 

LSD at 5 % 0.45 0.55 0.26 0.30 30.09 30.12 

Intercropping systems × NPK foliar application 

Intercropping NPK (g/l.) 

0.00 11.00 10.67 4.44 4.24 621.60 594.07 

Sole fenugreek 3.00 12.33 11.67 5.30 5.09 741.53 712.13 

6.00 12.67 11.67 5.95 5.90 832.53 825.53 

0.00 12.33 11.33 5.92 5.78 414.17 404.37 

1 : 1 3.00 13.33 13.00 5.96 5.93 417.43 414.87 

6.00 15.00 14.33 6.71 6.76 469.93 473.20 

0.00 11.33 12.33 5.07 4.82 472.89 449.87 

1 : 2 3.00 11.67 12.67 5.64 5.80 526.40 541.34 

6.00 12.33 12.33 6.27 6.04 584.89 563.74 

0.00 9.00 8.67 4.14 3.83 193.04 178.58 

2 : 1 3.00 9.33 9.67 5.37 4.26 250.44 198.95 

6.00 11.33 11.00 5.29 5.24 147.02 244.37 

0.00 13.33 13.67 6.00 5.98 630.00 627.55 

1 : 3 3.00 14.67 14.67 6.87 6.66 721.70 698.95 

6.00 15.67 15.00 7.15 7.14 751.10 749.70 

LSD at 5 % 1.11 1.14 0.61 0.60 60.97 59.09 
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Active ingredients and some chemical constituents of both crops: 

Data described in Table 6 suggest that, all investigated intercropping systems significantly 

increased volatile and fixed oil percentages in black cumin seeds and total chlorophyll content 

(SPAD unit) of leaves. Also, both NPK fertilizer concentrations (3 and 6 g/l) significantly enhanced 

the above mentioned characters compared with control treatment. Moreover, all intercropping 

systems were more effective than control treatment (sole black cumin plants without NPK 

fertilization) concerning the above mentioned characters. In most cases, there were a little 

differences among these interaction treatments in respect of these parameters. Concerning fenugreek 

plant, all tested intercropping systems improved trigonilline content and carbohydrates % of seeds as 

well as chlorophyll content of fenugreek leaves except with the system of 2:1 which decreased these 

parameters (Table 7). Also, these parameters were gradually elevated as NPK fertilizer increased. In 

additionally, the interaction treatment of 1:3 system combined with 6 g/l NPK fertilizer 

seems to be the most effective treatment for enhancing trigonilline and carbohydrates accumulation 

in fenugreek seeds. Total chlorophyll content reached the maximum values in fenugreek leaves 

when 1:1, 1:2 or 1:3 systems were applied combined with 6 g/l NPK fertilization, 

without significant differences among these treatments.  

The promotive effect of intercropping on active ingredients and chemical constituents which 

proved here was agreed with those stated by Karimzadeh et al. (2015) on dill essential oil production 

when intercropped with berseem plant and Gore et al. (2018) on Safed mulsi intercropped with 

Pigeon pea. Also, the enhancing effect of NPK fertilization which observed in this study was 

previously demonstrated by Matter and El Sayed (2015) since they found that NPK fertilizer led to 

enhance plant nitrogen percentage, total chlorophyll and essential oil % of caraway plant. 

Table 6: Effect of intercropping system, NPK foliar spray and their interaction treatments on some 

chemical constituents of black cumin plant during the two seasons of 2016/2017- 2017/2018 

Treatments 

Chemical constituents 

Volatile oil % Fixed oil % 
Total chlorophyll 
content (SPAD) 

Seasons Seasons Seasons 

1st 2nd 1st 2nd 1st 2nd 

Intercropping systems (Black cumin : fenugreek) 

Sole black cumin 0.281 0.282 29.00 28.67 42.00 42.33 

1 : 1 0.374 0.374 31.67 31.67 47.67 48.11 
1 : 2 0.321 0.319 29.56 30.33 43.22 42.89 

2 : 1 0.334 0.329 30.44 29.89 46.22 46.67 
1 : 3 0.343 0.350 29.89 30.89 43.56 43.67 

LSD at 5 % 0.042 0.043 0.777 1.263 0.794 1.081 

NPK foliar application (g/l) 

0.00 0.302 0.307 29.00 28.73 42.67 42.87 
3.00 0.338 0.337 30.13 30.73 44.60 45.20 

6.00 0.353 0.349 31.20 31.40 46.33 46.13 

LSD at 5 % 0.032 0.031 0.461 1.351 0.573 0.753 

Intercropping systems × NPK foliar application 

Intercropping NPK (g/l.) 

0.00 0.207 0.213 28.00 27.00 40.67 41.33 

Sole black cumin 3.00 0.310 0.313 29.33 28.67 41.67 42.33 

6.00 0.327 0.320 29.67 30.33 43.67 43.33 

0.00 0.347 0.353 30.33 30.33 45.67 45.33 

1 : 1 3.00 0.373 0.370 31.67 31.33 47.33 48.67 

6.00 0.403 0.400 33.00 33.33 50.00 50.33 

1 : 2 
0.00 0.303 0.313 28.67 28.00 41.67 41.00 

3.00 0.323 0.320 29.33 32.33 43.67 44.00 

6.00 0.337 0.323 30.67 30.67 44.33 43.67 

0.00 0.317 0.313 28.67 28.67 40.67 41.67 

2 : 1 3.00 0.343 0.327 29.67 30.33 44.33 44.67 

6.00 0.343 0.347 31.33 30.67 45.67 44.67 

0.00 0.337 0.340 29.33 29.67 44.67 45.00 

1 : 3 3.00 0.340 0.353 30.67 31.00 46.00 46.33 

6.00 0.353 0.357 31.33 32.00 48.00 48.67 

LSD at 5 % 0.072 0.071 1.144 2.768 1.312 1.747 
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Amino Acid Analysis: 

The data in Fig.2 regarding the effect of intercropping systems on amino acids profile of sole 

black cumin, sole fenugreek, (1 :1 system, the best treatment on black cumin) and (1 : 3 system, the 

best treatment on fenugreek) seeds protein hydrolysate during second season. A total of 17 amino 

acids were listed in Sole fenugreek and black cumin seed before and after intercropping systems. 

The major amino acids in black cumin and fenugreek seeds were glutamic acid followed by arginine, 

aspartic acid and glutamic acid followed by aspartic acid, arginine, respectively. Among these amino 

acids, eight essential amino acids were found. Cystine and methionine were the minor amino acids 

in black cumin and fenugreek seeds. Amino acid analysis of sole fenugreek and black cumin seed 

show only slight increases in the essential amino acids (25.52%, 34.32% for fenugreek and 36.45% , 

32.19% for black cumin in sole and the best intercropping system of each component, respectively) 

and non-essential amino acids (51.65% and 56.77% for fenugreek and 72.27% , 68.09% for black 

cumin in the same trend, respectively) as reported by Gendy et al. (2015). 

The interaction treatments between intercropping system of 1:1 or 1:3 and 6g/l foliar fertilization 

rate were mostly superior in this respect compared to the other ones under study for black cumin or 

fenugreek yield components, respectively, in both seasons (Tables 6 and 7). The enhancement of 

spraying plants with foliar NPK fertilization on the above mentioned crops may be attributed to the 

reduction in competition between both species on nutrient resources (Abdelkader and Hamad, 2015). 

Table 7 :Effect of intercropping system, NPK foliar spray and their interaction treatments on some 

chemical constituents of fenugreek plant during the two seasons of 2016/2017- 2017/2018 

Treatments 

Chemical constituents 

Trigonilline content / 

plant (g) 

Carbohydrates % Total chlorophyll 

content (SPAD) 

Seasons Seasons Seasons 

1st 2nd 1st 2nd 1st 2nd 

Intercropping systems (Black cumin : fenugreek) 

Sole fenugreek 0.031 0.034 31.39 30.18 40.56 40.56 
1 : 1 0.036 0.038 33.14 32.73 44.44 44.44 

1 : 2 0.034 0.035 31.92 31.33 42.22 42.22 

2 : 1 0.030 0.030 30.07 29.76 39.00 38.89 
1 : 3 0.038 0.039 34.32 34.36 44.22 44.22 

LSD at 5 % 0.0009 0.0002 0.72 0.86 0.91 0.93 

NPK foliar application (g/l) 

0.00 0.031 0.032 30.26 29.25 40.87 40.87 
3.00 0.034 0.036 32.84 32.30 42.00 42.00 

6.00 0.037 0.038 33.41 33.45 43.40 43.33 

LSD at 5 % 0.0008 0.0008 0.045 0.57 0.36 0.35 

Intercropping systems × NPK foliar application 

Intercropping NPK (g/l.) 

0.00 0.027 0.031 30.14 27.91 39.67 39.67 

Sole fenugreek 3.00 0.030 0.034 31.83 31.11 40.33 40.33 

6.00 0.035 0.035 32.19 31.52 41.67 41.67 

0.00 0.034 0.036 31.21 30.41 43.00 43.00 

1 : 1 3.00 0.036 0.038 34.07 33.15 45.00 45.00 

6.00 0.037 0.040 34.16 34.64 45.33 45.33 

0.00 0.032 0.032 29.21 27.82 40.67 40.67 

1 : 2 3.00 0.034 0.035 33.21 32.56 41.67 41.67 

6.00 0.036 0.037 33.35 33.61 44.33 44.33 

0.00 0.025 0.026 28.50 27.70 37.33 37.33 

2 : 1 3.00 0.032 0.031 30.34 30.40 38.67 38.67 

6.00 0.033 0.034 31.37 31.16 41.00 40.67 

0.00 0.036 0.034 32.24 32.44 43.67 43.67 

1 : 3 3.00 0.037 0.040 34.74 34.30 44.33 44.33 

6.00 0.042 0.044 35.96 36.33 44.67 44.67 

LSD at 5 % 0.0018 0.0023 1.09 0.36 1.12 1.13 
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Amino acids

*Essential amino acids

Fig. 2. Effect of intercropping systems on amino acids composition (%) of fenugreek and black cumin 

seed during second season 

Effect of intercropping systems, foliar fertilization rates and their interaction treatments on some 

competitive indices between black cumin and fenugreek plants. 

Land equivalent ratio (LER), area time equivalent ratio (ATER) and land utilization efficiency 

(LUE %) 

Data tabulated in Table 8 show that, the LER and ATER values were above 1.00 in all mixture 

proportions of intercropping system (except that of 1:2 system regard ATER indicator) in both 

seasons. This confirms the advantage of these intercropping systems to get more production from the 

same area of land as compared with the same unit of area in which sole crop is applied of black cumin 

or fenugreek. However, the highest values of LER, ATER and LUE % were significantly recorded by 

using 1:3 or 1:1 intercropping system without significant difference between both of them during both 

seasons. In addition, these LER values indicated that 31 to 34 % more land would require planting the 

sole crops to produce the same quantities of intercrop yield of black cumin and fenugreek produced by 

using 1:3 system during the first and second seasons, respectively. In this regard Hamad (2017) 

revealed that intercropping of fennel with fenugreek was beneficial in increasing the land equivalent 

ratio, area time equivalent ratio and land use efficiency. Willey and Reddy (1981) reported that the 

main reasons for higher yields of intercropping components determined as LER, ATER and LUE % 

are that the component crops are able to utilize natural resources differently and make better overall 

use of natural resources than grown separately.  

As shown in Table 8, Land equivalent ratio, area time equivalent ratio and land utilization 

efficiency values were decreased gradually by increasing foliar fertilization rates in the first and second 

seasons. However, all fertilization rates surpassed the unit and the highest values in this regard were 

achieved without foliar fertilization application (control). Similar results were reported by Meawad et 

al. (2013) on competitive indices between roselle intercropped with guar. 

During both consecutive seasons the highest values of LER were obtained when both 

plants were intercropped in 1:1 or 1:3 systems without NPK fertilization without significant 

difference between both treatments. Also, the intercropping system of 1:3 without NPK fertilization 

was the most effective interaction treatment which recorded the maximum ATER and LUE % 

values (Table 8). This result is in agreement with those found by Hamad (2017) when fennel 

intercropped with fenugreek and fertilized with nitrogen. 
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Table 8: Effect of intercropping system, NPK foliar spray and their interaction treatments on land 

equivalent ratio (LER), area time equivalent ratio (ATER) and land utilization efficiency 

(LUE%) during the two seasons of 2016/2017- 2017/2018 

Treatments 

Competitive indices 

LER ATER LUE % 

Seasons Seasons Seasons 

1st 2nd 1st 2nd 1st 2nd 

Intercropping systems (Black cumin : fenugreek) 

1 : 1 1.30 1.32 1.165 1.178 123.28 124.77 
1 : 2 1.13 1.14 0.970 0.977 105.21 106.06 
2 : 1 1.12 1.10 1.051 1.037 108.61 106.98 

1 : 3 1.31 1.34 1.094 1.115 120.31 122.66 

LSD at 5 % 0.088 0.055 0.073 0.049 7.833 5.206 

NPK foliar application (g/l) 

0.00 1.29 1.29 1.139 1.134 121.72 121.33 

3.00 1.19 1.20 1.041 1.051 111.42 112.50 
6.00 1.17 1.18 1.030 1.046 109.91 111.52 

LSD at 5 % 0.073 0.099 0.065 0.085 7.011 4.243 

Intercropping systems × NPK foliar application 

Intercropping NPK (g/l.) 

0.00 1.44 1.43 1.291 1.274 136.74 135.12 

1 : 1 3.00 1.20 1.24 1.073 1.104 113.65 117.04 

6.00 1.26 1.29 1.131 1.157 119.45 122.15 

0.00 1.19 1.16 1.022 0.986 110.85 107.26 

1 : 2 3.00 1.11 1.18 0.947 1.006 102.71 109.23 

6.00 1.10 1.09 0.941 0.939 102.07 101.71 

0.00 1.16 1.14 1.085 1.068 112.07 110.23 

2 : 1 3.00 1.13 1.06 1.051 0.996 108.99 102.73 

6.00 1.08 1.11 1.017 1.047 104.75 107.99 

0.00 1.39 1.45 1.094 1.206 127.22 132.71 

1 : 3 3.00 1.31 1.32 1.032 1.098 120.34 121.01 

6.00 1.23 1.24 1.085 1.040 113.36 114.24 

LSD at 5 % 0.139 0.172 0.123 0.147 13.55 15.952 

Aggressivity (A) and competitive ratio (CR): 

Data calculated in Table 9 reveal that, positive aggressivity values for black cumin demonstrate 

that black cumin was the dominant specie whereas the negative values for fenugreek indicate that it was 

the dominated one. Data show that the highest positive aggressivity of black cumin was calculated 

with 1:3 and 2:1 intercropping systems during both seasons, respectively. Increasing of foliar 

fertilization level did not significantly affect on aggressivity value. It is worth to mention that there 

were no significant differences between most of interaction treatments between intercropping 

systems and foliar fertilization rates. 

In this respect, Dua et al. (2015) found that aggressivity values indicated that maize was a 

dominant species whereas, potato was dominated species when maize was supplied with N (50 or 

100%), irrespective of N dose to potato. Also, Hamad (2017) indicated that fennel was the dominant 

specie whereas fenugreek was the dominated one under different nitrogen fertilization levels. 

As shown in Table 10 intercropped black cumin had higher values of competitive ratio in all 

mixtures-proportion compared with competitive ratio of fenugreek during the two seasons. This 

indicates to higher competitive ability of black cumin for resources than fenugreek component. 

Results reveal that intercropped black cumin had higher competitive ratios in all proportions with 

fenugreek, indicating that black cumin was more competitive (CR > one) than fenugreek (CR < one). 

The highest CR values for black cumin were obtained in mix-proportion of 2:1 system with foliar 

fertilization rate of 6 g/l in the first season as well as combination treatment of 2:1 system with 

different foliar fertilization rates in second season. Similar results were recorded by Choudhuri and 

Jana (2015) on potato and mustard intercropping system (2:1 row ratio). 
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Table 9: Effect of intercropping system, NPK foliar spray and their interaction treatments on 

aggressivity values (A) between black cumin and fenugreek components during the two 

seasons of 2016/2017- 2017/2018 

Treatments 

Aggressivity values (A) 

Aggressivity of black cumin Aggressivity of fenugreek 

Seasons Seasons 

1st 2nd 1st 2nd 

Intercropping systems (Black cumin : fenugreek) 

1 : 1 + 0.097 + 0.085 - 0.097 - 0.085 

1 : 2 + 0.129 + 0.110 - 0.129 - 0.110 

2 : 1 + 0.093 + 0.337 - 0.093 - 0.337 

1 : 3 + 0.290 + 0.081 - 0.290 - 0.081 

LSD at 5 % 0.088 0.098 0.088 0.098 

NPK foliar application (g/l) 

0.00 + 0.161 + 0.133 - 0.161 - 0.133 

3.00 + 0.106 + 0.128 - 0.106 - 0.128 

6.00 + 0.189 + 0.199 - 0.189 - 0.199 

LSD at 5 % N.S N.S N.S N.S 

Intercropping systems × NPK foliar application 

Intercropping NPK (g/l.) 

0.00 + 0.092 + 0.054 - 0.092 - 0.054 

1 : 1 3.00 + 0.074 + 0.065 - 0.074 - 0.065 

6.00 + 0.124 + 0.136 - 0.124 - 0.136 

0.00 + 0.136 + 0.035 - 0.136 - 0.035 

1 : 2 3.00 + 0.126 + 0.098 - 0.126 - 0.098 

6.00 + 0.124 + 0.197 - 0.124 - 0.197 

0.00 + 0.079 + 0.355 - 0.079 - 0.355 

2 : 1 3.00 + 0.070 + 0.320 - 0.070 - 0.320 

6.00 + 0.103 + 0.337 - 0.103 - 0.337 

0.00 + 0.079 + 0.089 - 0.079 - 0.089 

1 : 3 3.00 + 0.079 + 0.028 - 0.079 - 0.028 

6.00 + 0.079 + 0.128 - 0.079 - 0.128 

LSD at 5 % 0.201 0.181 0.201 0.181 

Table 10: Effect of intercropping system, NPK foliar spray and their interaction treatments on 

competitive ratio (CR) between black cumin and fenugreek components during the two 

seasons of 2016/2017- 2017/2018 

Treatments 

competitive ratio (CR) 

CR of black cumin CR of fenugreek 

Seasons Seasons 

1st 2nd 1st 2nd 

Intercropping systems (Black cumin : fenugreek) 

1 : 1 1.170 1.148 0.863 0.879 

1 : 2 1.124 1.108 0.897 0.911 

2 : 1 1.331 1.393 0.192 0.181 

1 : 3 1.074 1.067 0.934 0.941 

LSD at 5 % 0.113 0.124 0.048 0.055 

NPK foliar application (g/l) 

0.00 1.180 1.145 0.726 0.754 

3.00 1.115 1.157 0.737 0.745 

6.00 1.229 1.234 0.701 0.685 

LSD at 5 % 0.142 0.118 0.069 0.063 

Intercropping systems × NPK foliar application 

Intercropping NPK (g/l.) 

0.00 1.156 1.083 0.882 0.925 

1 : 1 3.00 1.133 1.117 0.884 0.900 
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6.00 1.223 1.244 0.821 0.812 

0.00 1.125 1.030 0.897 0.972 

1 : 2 3.00 1.120 1.091 0.895 0.921 

6.00 1.127 1.202 0.898 0.840 

0.00 1.368 1.397 0.191 0.182 

2 : 1 3.00 1.158 1.399 0.215 0.181 

6.00 1.467 1.383 0.171 0.181 

0.00 1.073 1.072 0.935 0.938 

1 : 3 3.00 1.049 1.022 0.954 0.979 

6.00 1.101 1.108 0.913 0.907 

LSD at 5 % 0.247 0.228 0.117 0.118 

Conclusion 

From intercropping advantage indices i.e; [land equivalent ratio (LER), area time equivalent 

ratio (ATER) and land utilization efficiency (LUE %)] supported this result since 1:1 and 1:3 systems 

without foliar fertilization by Mega NPK product were more advantageous than other interaction 

treatments and seem promising in the development of sustainable black cumin and fenugreek 

production with a limited use of external inputs. 

References 

Abdelkader, M. A. I. and H. A. Hamad, 2015. Evaluation of productivity and competition indices of 

safflower and fenugreek as affected by intercropping pattern and foliar fertilization rate. Middle 

East J. Agric. Res., 4(4): 956-966. 

Analytical Software, 2008. Statistix Version 9, Analytical Software, Tallahassee, Florida, USA. 

A.O.A.C., 1984. Official Methods of Analysis. 12th ed., Association of Official Analysis Chemists, 

Washington D.C., U.S.A. 

Banik, P., A. Midya, B. K. Sarkar and S. S. Ghose, 2006. Wheat and chickpea intercropping systems in 

an additive series experiment: advantages and weed smothering. Eur. J. Agro., 24: 325-332. 

Chapman, D.H. and R.F. Pratt, 1978. Methods of Analysis for Soils, Plants and Waters. Div. Agric. Sci. 

Univ. of California USA pp: 16-38. 

Choudhuri, P. and J. C. Jana, 2015. Growth, yield, quality and economic impacts of intercropping in 

potato. Agricultural and Biological Sciences Journal 1(1): 6-9. 

Dua, V. K., S. Kumar, M. K. Jatav and S. S. Lal, 2015. Nitrogen requirement of component crops in 

potato + maize intercropping in North-Western hills of India. Potato J. 42 (1): 36-43. 

Dubois, M., K. A. Gilles, J. H. Robers and F. Smith, 1956. Colorimetric methods for determination of 

sugar and related substances. Anal. Chem. 28: 350-356. 

Gendy, A.S.H., A.H. Soliman and Noraih S. Mohammed, 2015. Response of growth, productivity 

and oil composition of fenugreek plants to foliar application of complete fertilizer, dry yeast 

and L- tryptophan under sandy soil conditions. Current Science International 4 (4):736-749. 

Gomez, N. K. and A. A. Gomez (1984). Statical Procedures for Agricultural Research.2nd Ed., John 

wiley and sons, New York.USA, 680. 

Gore, Y.D., S.G. Wankhade, S. S. Wanjari, N.K. Patke and Konde, N. M. 2018. Effect of safed musli 

+ pigeonpea intercropping system on root quality of safed musli. Int. J. Curr. Microbiol. App. 

Sci. 7(04): 1862-1865. 

Gorham, G., 1986. Univ. Col. North Weles Dep. of Biochemical and Soil Sci. Chromatograph 18 Jul. 

1986, 362 (2): 243-253. 

Graham, P. H. and C. P. Vance, 2000. Nitrogen fixation in perspective: a review of research and 

extension needs. Field crops Res. 65: 93-106. 

Guenther, E. 1961. The Essential Oils. Vol (1): D. Von Nostrand Comp., New York, pp. 236. 

Hamad, E. H. A., 2017. Growth, productivity and some competitive indices of fennel and fenugreek 

plants as affected by intercropping system and nitrogen fertilizer level. International Journal of 

Agriculture and Economic Development 5(2): 31-56. 

Hauggard-Nielson, H., P. Ambus and E. S. Jensen, 2001. Evaluating pea and barley cultivars for 

complementary in intercropping at different levels of soil N availability. Field Crops Res., 72: 

185-196. 

Helgi, O. and S. A. Rolfe, 2005. The Physiology of Flowering Plants. 4th ed., Cambridge University 

Press, Cambridge UK., pp:100-106. 



401

Curr. Sci. Int., 7(3): 387-401, 2018 

ISSN: 2077-4435 

Hiebsch, C. K. and R. E. McCollum, 1987. Area×time equivalency ratio: a method for evaluating the 

productivity of intercrops. Agron. J. 79: 15–22. 

Karimzadeh, P., S. Zehtab-Salmasi, J. Shafagh-Kalvanagh and H. Janmohammadi, 2015. Essential oil 

production of dill affected by different intercropping patterns with berseem clover and harvesting 

times. Inter. J. of Biosciences 6 (3): 1-6. 

Li, L., J. H. Sun, F. S. Zhang, X. L. Li, S. C. Yang and Z. Rengel, 2001. Wheat/maize or wheat/soybean 

strip intercropping: I. Yield advantage and inter-specific interactions on nutrients. Field Crops 

Res., 71:123-137. 

Markwell, J., J. C. Osterman and J. L. Mitchell, 1995. Calibration of the Minolta SPAD-502 leaf 

chlorophyll meter. Photosynthesis Research 46: 467-472. 

Mason, S. C., D. E. Leihner and J. J. Vorst, 1986. Cassava-cowpea and cassava-peanut intercropping.1. 

Yield and land use efficiency. Agron. Journal, 78: 43-46. 

Matter F. M. A. and S. A. A. El Sayed, 2015. Influence of mixed NPK fertilizers with foliar spray of 

active dry yeast on caraway under newly reclaimed soil conditions. Middle East J. Appl. Sci., 

5(2): 423-430. 

Mc Gilchrist, C.A., 1965. Analysis of competition experiments. Biometrics 21: 975- 985. 

Mead, R. and R. W. Willey, 1980. The concept of a ‘land equivalent ratio’ and advantages in yields 

from intercropping. Exp. Agric. 16: 217–228. 

Meawad, A. A., H. A. El-Shamy, G. A. Bishr and M. A. Abdelkader, 2013. Competition and economic 

indices as affected by nitrogen fertilization level and intercropping system of roselle and guar. 

Minufiya J. Agric. Res. 38 (5): 1187-1198. 

Narkhede, S. D., Attarde, S. B., and Ingle, S. T., 2011. Study on effect chemical fertilizer and 

vermicompost on growth of chilli pepper plant (Capsicum annum). Journal of Applied Science 6 

(3): 327-332. 

Newall, C.A., L. A. Anderson and J. D. Phillipson, 1996. Herbal Medicines a Guide for Health-care 

Professionals. London: Pharmaceutical Press; 1996. 

Njogu, R. N. E., D. K. Kariuki, D. M. Kamau and F. N. Wachira, 2015. Economic evaluation of foliar 

NPK fertilizer on tea yields in Kenya. Journal of Plant Studies 4 (1): 35-43. 

Padma, E., G. Ramanandam, A.V.D. Dorajee Rao, M. Kalpana, and H. P. Maheswarappa, 2018. 

Performance of medicinal and aromatic crops as intercrops in coconut garden under east coast of 

Andhra Pradesh. Int. J. Pure App. Biosci. 6(2): 421-426. 

Sadeghzadeh-Ahari, D., A. K. Kashi, M. R. Hassandokht, A. Amri, Kh. Alizadeh, 2009. Assessment of 

drought tolerance in Iranian fenugreek landraces. Journal of Food, Agriculture & Environment 

7(3&4): 414-419. 

Saleem, R., Z. I. Ahmed, M. Ashraf, M. Arif, M.A. Malik, M. Munir and M.A. Khan 2011. Response 

of maize legume intercropping system to different fertility sources under rainfed conditions. 

Sarhad J. Agric. 27(4): 503-511. 

Sen, N. and Y. Kar, 2012. Pyrolysis of black cumin seed cake in a fixed-bed reactor. J. Biomass 

Bioenergy 35:4297-4304. 

Shree, S., C. L. Regar, F. Ahmad, V. K. Singh, R. Kumari and A. Kumari, 2018. Effect of organic and 

inorganic fertilizers on growth, yield and quality attributes of hybrid bitter gourd (Momordica 

charantia l.). Int. J. Curr. Microbiol. App. Sci. 7 (4): 2256-2266. 

Simpson, R. J., M. R. Neuberger and T. Liu, 1976. Complete amino acid analysis of proteins from a 

single hydrolysate. Journal of Biological Chemistry 251, 1936-1940. 

Singh, S. N., P. Singh, R. K. Rai and A. D. Pathak, 2018. Vegetables intercropping with autumn planted 

sugarcane: a step towards doubling farmers' income in Indian sub-tropics. Indian Farming 68(1): 

65-68. 

Ustun, G., L. Kent, N. Cekin and H. Civelekoglu, 1990. Investigation of the technological properties 

of Nigella sativa, L. (black cumin) seed oil. Journal of the American Oil Chemist Society, 67 

(12): 958-960. 

Walter, R. A. and D. b. Duncan, 1969. A bays rule for the symmetric multiple comparison problem. J. 

Am. Stat. Assoc., 64 (1): 1484-1503. 

Wiedenhoeft, A. C., 2006. Plant Nutrition. Hopkins WG (eds) the green world, Chelsea House 

publisher, New York NY. pp. 16-43. 

Willey, R.W. and M. R. Rao, 1980. A competitive ratio for quantifying competition between intercrops. 

Expl. Agric. 16:105–117. 

Willy, R. W. and M. S. Reddy, 1981. A field technique for separating above and below ground 

interaction for intercropping of except with pearl millet / groundnut. Exp. Agric. 17: 257- 264. 




