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Impact of alley cropping system amended with 

Sesbania and/or nitrogenous fertilizer on growth and 
yield of Cymbopogon citratus (DC) Stapf 

 
A.F.A. Ebeid, E.F. Ali, Mostafa, Mona M.A. 
Abstract 
The influence of incorporation of Sesbania prunings with various rates of nitrogenous fertilizer on 
growth and yield of lemongrass grown in alley cropping system during 2013/2014 and 2014/2015 
seasons were conducted. Alley cropping and N fertilizer improved the soil fertility during the two 
seasons. The growth and yield parameters (plant height, number of tillers/clump, number of leaves/clump 
as well as herb yield) were significantly enhanced when grown in alleys supplemented with prunings + 
70 kg N/fed during the two seasons. Likewise, nitrogen and potassium contents were induced as a mean 
of the two cuts. On the other hand, the elevated of carbohydrates, volatile oil and phosphorus contents 
were observed of lemongrass only + no alley cropping but prunings from outside incorporated treatment 
compared to the other treatments. On the contrary, the lowest values of growth and yield characteristics 
for lemongrass were due to lemongrass as sole crop in the two seasons. 
 
Keywords: Alley cropping, Nitrogenous fertilizer, lemongrass, Sesbania sesban, soil analysis. 
 
1. Introduction 
Cymbopogon citratus (D.C.) Stapf (Poaceae family), commonly known as lemongrass, is a 
perennial tropical grass with thin, long leaves and is one of the main medicinal and aromatic 
plants cultivated mostly for its essential oil in tropical and subtropical regions of Asia, South 
America, and Africa. The oil has considerable commercial importance because it is used in the 
manufacture of fragrances, flavors, perfumery, cosmetics, detergents, and pharmaceuticals. 
Moreover, oil possesses antibacterial, antifungal, analgesic, and mosquito repellent properties 
(Boukhatem et al., 2014) [6]. On the other side, in tropical Africa, nitrogen is the most limiting 
nutrient to crop production; high costs of inorganic fertilizers limit their use in sufficient 
quantities by most small holder farmers. This has led to increased interest in development of 
integrated soil fertility management systems that incorporate woody species into crop 
production systems where leafy biomass provide N to the annual crop. Trees and shrubs are 
used in hedgerow inter cropping cropland or parkland systems, improved fallows and shaded 
perennial-crop systems. Large amounts of N and moderate amounts of P have been observed 
in standing biomass, but much variation occurs in the recycling of these nutrients. However, 
leguminous trees species have shown some potential for soil fertility improvement through 
biomass transfer, short term fallows, nitrogen fixation, re-activation of the ‘N bulge’ and 
phosphorus scavenging (Hartemink et al., 2000) [12]. Also, Palada et al. (2005) [19] pointed out 
that traditional medicinal plants including lemongrass, basil and thyme can be grown in alleys 
formed by hedgerows of moringa with minimal negative effect on growth and yield during the 
early stage and competition for light was not critical at the early establishment period of 
hedgerows. Shukla et al. (2002) [24] study the productivity of Sesbania alley cropping system 
with sequentially cropped berseem and maize at different moisture regimes and fertilizers 
proved that the increase in biomass production of Sesbania was associated with reduction of 
berseem productivity in subsequent years. However, Sesbania alley did not significantly affect 
yield of maize crop over the years. Also, Zaharah et al. (2008) [26] study the relative 
contribution of hedgerow leguminous trees to the maize crop pointed out that leaf prunings 
from these tree species were easily decomposed and nutrients were released at a rapid rate. The 
leaf prunings contributed up to 15% of the N taken up by the maize. Hedgerow trees were 
found to contribute N to the maize, possibly through root decomposition. The results of 
Quinkenstein et al. (2009) [21] showed that alley cropping may be an ecologically advantage 
outland use system for sustainable food and biomass production in comparison with 
conventional agricultural practices. As a very flexible, but low-input system, alley cropping 
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can supply biomass resources in a sustainable way and at the 
same time provide ecological benefits. The influence of 
different foliar applications of nitrogenous fertilizer on growth, 
essential oil accumulation in lemongrass (Cymbopogon 
flexuosus L.) was studied by Aradhna and Yashpal (2014) [4]. 
Meanwhile, Saeopa and Karwyl (2012) [23] reported that 
intercropping lemongrass with green beans when the plants are 
still small will provide the crop with nitrogen, and will assist 
in weed control. The beans can be cut at ground level during 
harvesting, leaving the old roots in the soil and the tops as 
mulch. Hence, the objective of the present investigation was to 
examine the effect of Sesbania sesban prunings and different 
doses of urea for boosting of growth, biomass and essential oil 
content in lemon grass applied through foliar application at 
newly reclaimed soil in Aswan. 
 
2. Material and Methods 
This investigation was established during 2013/2014 and 
2014/2015 seasons to study the effect of cropping system and 
different levels of nitrogen fertilization on growth and yield of 
lemongrass. The study area was located at the Tropical Farm, 
Kom-Ombo, Aswan, Egypt. Aswan Governorate is one of the 
hottest, sunniest and driest cities in the world. Averages high 
temperatures are consistently above 40 °C (104.0 °F) during 
summer (June, July, August and September) while averages 
low temperatures remain above 25 °C (77.0 °F). It is one of the 
least humid cities, with an average relative humidity of only 
26%, with a maximum mean of 42% during winter and a 
minimum mean of 16% during summer. The initial levels of 
soil (loamy sand soil) pH, E.C. and organic matter were 8.4, 
2.37 dsm-1 and 0.40%, respectively under irrigated conditions, 
in alley cropping system with Sesbania. Seeds of Sesbania 
were collected from neighboring field and planted during 
September 2012 in rows which were spaced at 3m apart and at 
a distance of 50 cm within the row. 
 
2.1 Experimental design and treatments 
The experiment was conducted with lemongrass in the 
interspaces of Sesbania hedge, to know the effect of 
incorporation pruning and different level of nitrogen 
fertilization on growth and yield of lemongrass. Twelve 
combination treatments involving cropping system as main 
plot (4 treatments) and different N level (3 treatments) as sub 
plot with three replications in split plot design of 3 x 3 m. 
They were as follows; Alley cropping + Sesbania prunings + 0 
kg N/ fed., alley cropping + Sesbania prunings + 35 kg N/fed., 
alley cropping + Sesbania prunings + 70 kg N/fed., alley 
cropping + no prunings + 0 kg N/fed., alley cropping + no 
prunings+35 kg N/fed., alley cropping + no prunings + 70 kg 
N/fed., lemongrass only + no alley cropping but prunings from 
outside + 0 kg N/fed., lemongrass only + no alley cropping but 
prunings from outside + 35 kg N/fed., lemongrass only + no 
alley cropping but prunings from outside + 70 kg N/fed., 
lemongrass only + no alley cropping + 0 kg N/fed., lemongrass 
only + no alley cropping + 35 kg N/fed., lemongrass only + no 
alley cropping + 70 kg N/fed.  
 
2.2 Procedures 
For this purpose Sesbania trees were managed by periodic 
aboveground, leaving 1 m above the ground and leaf pruning 
carried out at the beginning and middle of the two cropping 
seasons per year (a total of four leaf prunings/year). Leaf 
prunings were added to the alleys formed by rows of trees and 
lemongrass. The leafy biomass was evenly spread on the 
ground and incorporated in the treatments designated to 
receive prunings described above. In the alleys, 6 rows of 

lemongrass were planted, 50 cm apart from each other with 50 
cm distance between plants. The lemongrass plant propagated 
vegetatively through slips obtained by the splitting up of 
individual clumps; one healthy slip about 20 cm in length was 
planted per hill. N fertilizer (according to the treatments) were 
applied to the crop as urea (46% N) at three doses; the first 
dose at planting, the second dose after the first cut and the 
third dose after the second cut. The control plots; 0 kg N/fed. 
Treatment (did not receive any fertilizer). However, the crop 
was cut using sickles at about 10 cm above the ground. The 
first cut of lemongrass was taken after 90 days of planting and 
the second cut was taken 90 days after the first cut.  
 
2.3 Growth and yield parameters for lemongrass 
Growth parameters i.e., plant height, number of tillers per 
clump, number of leaves/ clump as well as herb yield (g/plant) 
were determined from 10 sampled plants per plot after the first 
and second cut per year of the crop. Volatile oil percentage 
was determined by water distillation method described in 
British Pharmacopea (1963) [9]. 
 
2.4 Determination of carbohydrate (%) in lemongrass 
For carbohydrate determination of lemongrass leaves; 
randomly sample (100 mg of leaves) was hydrolysed in a 
boiling tube with 5 ml of 2.5 N HCl in a boiling water bath for 
a period of 3 hours. It was cooled to room temperature and 
solid sodium carbonate was added until effervescence ceases. 
The contents were centrifuged and the supernatant was made 
to 100 ml using distilled water. 0.2 ml of sample was pipetted 
out and made up the volume to 1 ml with distilled water. Then 
1.0 ml of phenol reagent was added followed by 5.0 ml of 
sulphuric acid. The tubes were kept at 25-30 °C for 20 min. 
The absorbance was read at 490 nm (Krishnaveni et al., 1984) 
[15]. 
 
2.5 Soil analysis 
Soil samples of each plot were collected before establishing 
the sesbania hedgerows and after the two intercropping 
seasons with lemongrass crop. The soil samples were 
randomly collected from 0-30 cm soil depth and bulked into a 
composite soil sample. The composite soil samples were air 
dried, grounded and sieved with 2 mm mesh for chemical 
analysis. Soil pH was determined in free ion water and KCl 1 
M solution in 1:5 (soil: solution ratio), soil organic carbon by 
Walkey and Black procedure (Nelson, 1996) [18], total N by 
Kjeldahl method and available P by Bray 1 procedure (Bray 
and Kurtz, 1965). Potassium contents of the extract were 
determined with flame photometer. Meanwhile, Ca and Mg 
were determined with an atomic absorption spectrophotometer. 
 
2.6 N, P and K analysis in lemongrass leaves 
Nitrogen, phosphorus and potassium were determined in dried 
leaf samples of lemongrass, digested using sulphuric and 
perchloric acids method (Piper, 1967; Black et al., 1965; 
Jackson, 1978) [20, 5]  
The obtained results were tabulated to statistical analysis using 
Michigan Statistical Program Version C (MSTATC). The 
analysis of variance (ANOVA) was performed to compare 
means. Means were compared using Least Significant 
Differences (LSD) test at 0.05 level. 
 

3. Results and Discussion 
Dry land agriculture is confronted with several problems, 
Alley cropping systems help to provide greater insurance 
against weather abnormalities. Generally, soil fertility 
parameters were improved after two years of continuous 
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cultivation and application of prunings and/or N fertilizer 
inputs, soil carbon, nitrogen, phosphorus, potassium, 
magnesium and calcium contents were increased while, soil 
pH was lower than that of the control by the end of 2014/2015 
season (Table 1). Studies by Lal et al. (1978) [16] and Wilson et 
al. (1982) [25] also showed improvement in soil physio-
chemical properties and biological activities, as measured by 

earthworm cast production, under Stylosanthes guianensis, 
Centrosema pubescens, Pueraria phaseoloides and Mucuna 
pruriens grown for only a short period, as compared with 
natural fallow. The cover crop improved soil bulk density and 
soil moisture retention and gave better protection against 
erosion. Also, higher microbial biomass was observed 
under Psophocarpus palustris live mulch than in bare plots. 

 
Table 1: Some of the soil properties before planting (2013/2014) and after two 

cropping seasons (2014/2015) with Seasbania and N-fertilizer application. 
 

Character 
Value 

2013/2014 2014/2015 

pH 8.50 8.10 
Organic C % 0.84 1.23 
Total N % 0.09 1.40 
P % 0.2% 4.11 
Ca2+ % 1.4% 3.80 
Mg+ % 0.4% 1.17 
K+ % 0.7 1.84 
E.C (dSm-1) 1.56 1.12 

 
The performance of alley lemongrass, when fed with Sesbania 
prunings across different rates of N fertilization reflected 
significantly increased the plant height, number of tillers/ 
clump, number of leaves/clump and herb yield (g/plant) as 
tabulated in Tables (2, 3, 4 and 5). The maximum plant growth 
characteristics of lemongrass were recorded in the alley 
cropping + Sesbania prunings incorporated treatment while, 
the lowest was due to lemongrass only + no alley cropping. 
However, among different rates of N-fertilizers, 70 kg N/fed 
proved to be most effective across different cropping system as 
reflected by significantly the highest values of the growth 
parameters for lemongrass during the two seasons. Moreover, 
the second year of alley cropping gave more plant height, 

number of tillers/clump, number of leaves/clump as well as 
herb yield compared to the first year. Also, the second cut for 
the two seasons resulted in enhanced of growth parameters 
compared to the first cut. Alley and Vanlauwe (2009) [2] 
suggested that, as much as, 113 kg N/ha being derived from 
atmospheric N2 in a nine-month fallow of Sesbania sesban 
and/or Crotalaria grahamiana, or as little as 23 kg N/ha fixed 
in other similar systems. Moreover, agro forestry systems 
complement conservation agriculture systems in the provision 
of soil cover, animal feed, nutrients, household fuel, and 
hillside protection against soil erosion and wind erosion 
control through shelter belts (Chandrakar et. al, 2014) [10]. 
 

 
Table 2: The effect of alley cropping system and N levels on plant height for lemongrass at the first and 

second cuts during 2013/2014 and 2014/2015 seasons in Aswan. 
 

2013/2014 

1st cut 2nd cut 

Treatments A1 A2 A3 A4 Mean A1 A2 A3 A4 Mean 

B1 75.68 72.90 75.53 63.97 72.02 80.83 76.65 79.13 66.73 75.84 

B2 87.47 84.27 86.04 74.36 83.04 87.37 82.80 86.20 73.03 82.35 

B3 99.73 90.60 96.81 79.24 91.60 100.84 91.70 93.63 82.50 92.17 

Mean 87.63 82.59 86.13 72.53  89.68 83.72 86.32 74.09  

LSD 5% alley cropping: 1.04 fertilization: 1.86 
alley cropping X fertilization: 3.71 

LSD 5%; alley cropping:1.11 fertilization: 2.39 
alley cropping X fertilization: 4.77 

2014/2015 

1st cut 2nd cut 

Treatments A1 A2 A3 A4 Mean A1 A2 A3 A4 Mean 

B1 82.27 74.30 79.27 64.37 75.05 82.86 75.20 78.12 63.27 74.87 

B2 93.12 83.72 85.93 77.48 85.06 90.53 84.74 86.83 75.72 84.46 

B3 106.30 93.21 95.60 81.73 94.21 103.57 94.83 91.72 81.53 92.92 

Mean 93.90 83.74 86.93 74.53  90.53 84.73 86.84 75.73  

LSD 5% alley cropping: 1.04 fertilization: 2.1 
alley cropping X fertilization:4.36 

LSD 5% alley cropping: 1.19 fertilization:2.13  
alley cropping X fertilization:4.27 

A1: alley cropping + Sesbania prunings incorporated; A2: alley cropping + no prunings; A3: lemongrass 
only + no alley cropping but prunings from outside incorporated and A4: lemongrass only + no alley 
cropping. B1:0 kg N/ fed; B2:35 kg N/fed and B3:70 kg N/fed 
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Table 3: The effect of alley cropping system and N levels on number of tillers/clump for lemongrass at the first 
and second cuts during 2013/2014 and 2014/2015 seasons in Aswan. 

2013/2014 
1st cut 2nd cut 

Treatments A1 A2 A3 A4 Mean A1 A2 A3 A4 Mean 
B1 20.57 16.70 17.67 14.87 17.45 21.50 17.40 19.17 16.33 18.60 
B2 25.73 21.70 22.80 16.37 21.65 26.50 22.17 24.17 18.07 22.73 
B3 30.43 24.17 25.80 22.10 25.63 31.13 25.37 26.70 23.33 26.63 

Mean 25.58 20.86 22.09 17.78  26.38 21.64 23.34 19.24  
LSD 5% alley cropping: 0.64 fertilization: 0.96 alley 
cropping X fertilization: 1.92 

LSD 5% alley cropping: 0.43 fertilization:0.56 
alley cropping X fertilization: 1.13 

2014/2015 
1st cut 2nd cut 

Treatments A1 A2 A3 A4 Mean A1 A2 A3 A4 Mean 
B1 21.83 17.80 19.13 16.53 18.83 22.07 18.67 20.23 16.93 19.48 
B2 26.47 22.37 24.17 18.73 22.93 27.10 23.07 24.37 19.60 23.53 
B3 31.70 25.40 27.10 24.47 27.17 31.83 25.97 27.80 24.93 27.63 

Mean 26.67 21.86 23.47 19.91  27.00 22.57 24.13 20.49  
LSD 5% alley cropping: 0.28 fertilization: 0.58  
alley cropping X fertilization: 1.17 

LSD 5% alley cropping:0.23 fertilization:0.51  
alley cropping X fertilization:1.02 

A1: alley cropping + Sesbania prunings incorporated; A2: alley cropping + no prunings; A3: lemongrass only 
+ no alley cropping but prunings from outside incorporated and A4: lemongrass only + no alley cropping. 
B1:0 kg N/ fed; B2:35 kg N/fed and B3:70 kg N/fed 

 
Table 4: The effect of alley cropping system and N levels on number of leaves/clump for lemongrass at the first and 

second cuts during 2013/2014 and 2014/2015 seasons in Aswan. 
2013/2014 

1st cut 2nd cut 
Treatments A1 A2 A3 A4 Mean A1 A2 A3 A4 Mean 

B1 167.60 153.60 162.63 145.53 157.34 170.70 157.93 165.53 150.90 161.27 
B2 178.17 165.10 171.03 157.63 167.98 180.33 167.60 171.73 162.53 170.55 
B3 212.93 178.97 184.73 167.63 186.07 215.10 183.30 189.79 174.50 190.67 

Mean 186.23 165.89 172.80 156.93  188.71 169.61 175.68 162.64  
LSD 5% alley cropping: 1.62 fertilization: 2.29 alley cropping 
X fertilization: 4.59 

LSD 5% alley cropping: 1.04 fertilization: 1.89 
alley cropping X fertilization: 3.78 

2014/2015 
1st cut 2nd cut 

Treatments A1 A2 A3 A4 Mean A1 A2 A3 A4 Mean 
B1 173.23 162. 47 168.57 152.47 164.18 176.07 165.93 170.30 154.40 166.68 
B2 182.63 172.23 173.57 164.30 173.18 184.47 174.40 174.90 165.33 174.78 
B3 218.00 184.50 191.83 175.40 192.43 217.70 186.40 191.77 177.67 193.83 

Mean 191.29 173.07 177.99 164.06  192.74 175.58 178.99 165.80  
LSD 5% alley cropping: 0.79 fertilization: 2.03 alley cropping 
X fertilization: 4.05 

LSD 5% alley cropping: 0.68 fertilization: 1.86 
alley cropping X fertilization: 3.73 

A1: alley cropping + Sesbania prunings incorporated; A2: alley cropping + no prunings; A3: lemongrass only + 
no alley cropping but prunings from outside incorporated and A4: lemongrass only + no alley cropping. B1:0 
kg N/ fed; B2:35 kg N/fed and B3:70 kg N/fed. 

 
Table 5: The effect of alley cropping system and N levels on herb yield (g/plant) for lemongrass at the first and second 

cuts during 2013/2014 and 2014/2015 seasons in Aswan 
2013/2014 

1st cut 2nd cut 
Treatments A1 A2 A3 A4 Mean A1 A2 A3 A4 Mean 

B1 213.27 130.01 181.23 108.20 158.18 224.62 135.23 184.42 117.61 165.46 
B2 251.03 171.80 234.34 138.67 198.96 261.27 182.83 236.37 150.87 207.83 
B3 276.43 218.10 243.78 162.08 225.09 287.47 227.90 257.23 176.57 237.29 

Mean 246.91 173.30 219.78 136.31  257.78 181.99 226.00 148.34  
LSD 5% alley cropping: 2.93 fertilization: 5.74 
alley cropping X fertilization: 11.48 

LSD 5% alley cropping:1.87 fertilization:2.98 alley 
cropping X fertilization: 5.96 

2014/2015 
1st cut 2nd cut 

Treatments A1 A2 A3 A4 Mean A1 A2 A3 A4 Mean 
B1 220.64 132.13 183.83 113.87 162.61 228.27 134.80 188.90 118.23 167.55 
B2 258.36 177.17 234.03 145.17 203.67 267.40 183.53 242.51 155.75 212.31 
B3 281.43 223.93 251.30 167.43 231.03 293.34 225.20 251.13 182.77 238.11

Mean 253.44 177.74 223.06 142.16  263.00 181.18 227.52 152.26  
LSD 5% alley cropping:1.62 fertilization: 3.96 
alley cropping X fertilization: 7.92 

LSD 5% alley cropping: 1.38 fertilization:2.69 
alley cropping X fertilization: 5.39 

A1: alley cropping + Sesbania prunings incorporated; A2: alley cropping + no prunings; A3: lemongrass only + 
no alley cropping but prunings from outside incorporated and A4: lemongrass only + no alley cropping. B1:0 
kg N/ fed; B2:35 kg N/fed and B3:70 kg N/fed. 
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Aradhna and Yashpal (2014) [4] found that foliar application of 
urea at 2 g/plant produced maximum plant height, number of 
tillers per plant and herb yield whereas maximum increase in 
essential oil content and leaf area was observed in treatment 
with 1.5 gm urea/plant as foliar application. The effect of 
different cropping systems and N fertilization on volatile oil 
content of lemongrass during 2014/2015 season. Among 
various alley cropping treatments, lemongrass only + no alley 
cropping but prunings from outside incorporated proved to be 
most effective across different cropping system as reflected by 
enhanced oil content in lemongrass. On the other hand the 
lowest oil content was noticed with lemongrass only + no alley 
cropping treatment. The lowest rate of N fertilization resulted 
in lower yields of oil during the first and second cut (Table, 6). 
The essential oils from a known weight of freshly harvested 
leaves were increased with increasing of nitrogen foliar 
application (Manjunatha et al. 2007) [17]. 
Similarly, the total carbohydrate content as shown in Table (6) 
due to this treatment, interaction effect between alley cropping 
and N rates treatments was also significant increased. On the 
contrary, sole lemongrass across the different rates of N 
fertilization resulted in lower growth as exhibited in 
significantly the lowest N, P and K contents as tabulated in 
Tables (7 and 8). The highest values of N and K contents in 
lemongrass were due to alley cropping + Sesbania prunings 
incorporated treatment in the first and second cuts while, the 
most increment of P content in lemongrass was noticed with 
lemongrass only + no alley cropping but prunings from outside 
incorporated treatment in the mean of two cuts. The 
superiority of alley lemongrass supplemented with loppings 
(alley cropping + Sesbania prunings incorporated treatment) 
and 70 kg N/ fed over other treatment combinations might be 
due to better growth and development of lemongrass plants, as 

indicated by vigorous lemongrass plants having higher plant 
height, number of tillers/clump, number of leaves/clump and 
high herb yield. Further, it can also be attributed to the 
beneficial effect of incorporation of Sesbania loppings and 
supplementation 70 kg N/fed. fertilization on soil properties 
(Krishna and Allolli, 2005) [14] who pointed out that soil 
fertility enhanced due to incorporation of loppings as exhibited 
by increased organic carbon content from initial value of 0.47 
to 0.55 per cent. This was also attributed to the additions of N-
rich organic materials and their residual effects compared to 
the continuous cropping without organic amendments. 
Significant increases in maize yields following addition of 
legume tree prunings have also been observed in previous 
studies (Akinnifesi et al., 2006) [1]. Similarly, Available P and 
K were higher in alley lemongrass plants than those in sole 
lemongrass. Thus favorable soil conditions under alley 
lemongrass might have helped it to express higher yield 
potential and enhanced quality traits. The beneficial effects of 
loppings as a mulch and organic water have been advocated by 
many research workers (Brewbaker, 1985; Rosecrance and 
Kuo, 1989) [8, 22]. Further, investigations also revealed the fact 
that alley crop supplemented with loppings had higher 
nitrogen, phosphorus and potassium content in their leaves. 
This might have been also one of the causes for enhancing 
yield and quality of lemongrass. These results were in 
conformity with (Haggar et al., 1991; Alloli, 1998; Krishna 
and Allolli, 2005) [11, 3, 14]. Integration of the medicinal plants 
especially that produced herb and leaves in an alley cropping 
system appears to be viable agroforestry practices as these 
systems not only addresses production function but also helps 
to abate some of the environmental problems such as soil 
erosion, low fertility etc. as these systems have inherent woody 
perennial component. 

 
Table 6: The effect of alley cropping system and N levels on essential oil content% and total 

carbohydrate for lemongrass at the first and second cuts during 2014/2015 season in 
Aswan. 

 

Essential oil 

1st cut 2nd cut 

Treatments A1 A2 A3 A4 Mean A1 A2 A3 A4 Mean 

B1 0.45 0.43 0.46 0.39 0.43 0.46 0.44 0.45 0.38 0.43 

B2 0.46 0.45 0.48 0.41 0.45 0.47 0.45 0.48 0.42 0.46 

B3 0.48 0.46 0.49 0.44 0.47 0.48 0.45 0.49 0.44 0.47 

Mean 0.46 0.45 0.48 0.41  0.47 0.45 0.48 0.42  

LSD 5% alley cropping: 0.01 fertilization: 0.02 

alley cropping X fertilization: 0.03 
LSD 5% alley cropping: 0.01 fertilization: 
0.02 alley cropping X fertilization: 0.04 

Total carbohydrate (mg mg-1 D.W.) 

1st cut 2nd cut 

Treatments A1 A2 A3 A4 Mean A1 A2 A3 A4 Mean 

B1 0.62 0.54 0.64 0.49 0.57 0.59 0.57 0.65 0.46 0.57 

B2 0.70 0.63 0.73 0.58 0.66 0.72 0.56 0.76 0.55 0.65 

B3 0.78 0.71 0.84 0.62 0.74 0.84 0.63 0.87 0.71 0.77 

Mean 0.70 0.62 0.74 0.56  0.72 0.59 0.76 0.57  

LSD 5% alley cropping: 0.02 fertilization: 0.04 

alley cropping X fertilization:0.09 
LSD 5% alley cropping: 0.01 fertilization: 
0.04 alley cropping X fertilization: 0.08 

A1: alley cropping + Sesbania prunings incorporated; A2: alley cropping + no prunings; 
A3: lemongrass only + no alley cropping but prunings from outside incorporated and A4: 
lemongrass only + no alley cropping. B1:0 kg N/ fed; B2:35 kg N/fed and B3:70 kg N/fed. 
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Table 7: The effect of alley cropping system and N levels on nitrogen and phosphorus content % in leaves for 
lemongrass at the first and second cuts during 2014/2015 season in Aswan. 

 

Nitrogen content % 
1st cut 2nd cut 

Treatments A1 A2 A3 A4 Mean A1 A2 A3 A4 Mean 
B1 0.99 0.77 0.83 0.59 0.80 0.91 0.70 0.84 0.58 0.76 
B2 1.23 0.80 0.95 0.73 0.93 1.08 0.81 0.91 0.70 0.87 
B3 1.35 0.87 1.11 0.80 1.03 1.26 0.89 1.04 0.75 0.98 

Mean 1.19 0.82 0.96 0.71  1.09 0.80 0.93 0.67  
LSD 5% alley cropping: 0.04 fertilization: 0.05 
alley cropping X fertilization: 0.10 

LSD 5% alley cropping: 0.01 fertilization: 0.04 
 alley cropping X fertilization:0.08 

Phosphorus content % in leaves 
1st cut 2nd cut 

Treatments A1 A2 A3 A4 Mean A1 A2 A3 A4 Mean 
B1 0.22 0.21 0.25 0.20 0.22 0.22 0.22 0.25 0.20 0.22 
B2 0.27 0.23 0.27 0.22 0.25 0.25 0.24 0.28 0.22 0.25 
B3 0.28 0.25 0.28 0.25 0.26 0.28 0.25 0.30 0.25 0.27 

Mean 0.27 0.23 0.27 0.22  0.25 0.24 0.28 0.22  
LSD 5% alley cropping: 0.01fertilization: 0.01 
alley cropping X fertilization: 0.03 

LSD 5% alley cropping: 0.01fertilization:0.01 
 alley cropping X fertilization: 0.02 

A1: alley cropping + Sesbania prunings incorporated; A2: alley cropping + no prunings; A3: lemongrass 
only + no alley cropping but prunings from outside incorporated and A4: lemongrass only + no alley 
cropping. B1:0 kg N/ fed; B2:35 kg N/fed and B3:70 kg N/fed. 

 
Table 8: The effect of alley cropping system and N levels on 

potassium content % in leaves for lemongrass at the first 
and second cuts during 2014/2015 season in Aswan. 

 

Potassium content % in leaves 1st cut 
Treatments A1 A2 A3 A4 Mean 

B1 0.71 0.68 0.74 0.57 0.68 
B2 0.89 0.88 0.95 0.71 0.86 
B3 1.17 1.03 1.16 0.82 1.04 

Mean 0.92 0.86 0.95 0.70  
LSD 5% alley cropping:0.03fertilization: 0.05 alley 
cropping X fertilization: 0.09 

Potassium content % in leaves 2nd cut 
Treatments A1 A2 A3 A4 Mean 

B1 0.75 0.71 0.73 0.53 0.68 
B2 0.95 0.78 0.85 0.65 0.81 
B3 1.18 0.89 1.09 0.74 0.97 

Mean 0.96 0.79 0.89 0.64  
LSD 5% alley cropping: 0.03 fertilization: 0.04 alley 
cropping X fertilization: 0.07 

A1: alley cropping + Sesbania prunings incorporated; A2: 
alley cropping + no prunings; A3: lemongrass only + no 
alley cropping but prunings from outside incorporated and 
A4: lemongrass only + no alley cropping. B1:0 kg N/ fed; 
B2:35 kg N/fed and B3:70 kg N/fed. 
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